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State of Idaho
Department of Water Resources

Permit to Appropriate Water

NO. 45-13430
Priority:  January 23, 2002 Maximum Diversion Rate: 0.02 CFS
This is to certify, that CHURCH OF JESUS CHRIST OF THE LATTER DAY SAINTS
OAKLEY STAKE
PO BOX 211

QAKLEY ID 83346

has applied for a permit to appropriate water from:
Source: GROUND WATER

and a permit is APPROVED for development of water as follows:

BENEFICIAL USE PERIOD OF USE RATE OF DIVERSION
DOMESTIC 01/01 to 12/31 0.02 CFS

LOCATION OF POINT(S) OF DIVERSION:
GROUND WATER NEYSEY, Sec. 36, Twp 123, Rge 23E, B.M., CASSIA County

PLACE OF USE: DOMESTIC

Twp Rge Sec | NE ] NW | sSwW | SE |
IL\I_EIMIS_l_S_EIN_EIM1§_._1_El_ElLIS_Wl._ElN_ElN_lLl_ElTotais
125 23E 36 | | [ | X I
CONDITIONS OF APPROVAL

1. Proof of application of water to beneficial use shall be submitted on or before April 01, 2006.

2. Subject to all prior water rights.

3. The applicant shall use Water Right No. 45-4202 for mitigation of ground water use upon a showing
by protestants that prior water rights are being injured.

4. Project construction shall commence within one year from the date of permit issuance and shali
proceed diligently to completion unless it can be shown to the satisfaction of the Director of the
Department of Water Resources that delays were due to circumstances over which permit holder
had no control.

5. Right holder shall comply with the drilling permit requirements of Section 42-235, Idaho Code and
applicable Well Construction Rules of the Department.

6. Domestic use is for a church recreational campground.

This permit is issued pursuant to the prow Section 42-204, Idaho Code. Witness trB igature of
0

the Director, affixed at Boise, this 39 e 7 T , 20

ROF LYY

ﬂ THARLE PDREMER, Director ~~
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BEFORE THE DEPARTMENT OF WATER RESOURCES

OF THE STATE OF IDAHO

IN THE MATTER OF APPLICATION )
FOR PERMIT NO. 45-13430 INTHE )
NAME OF OAKLEY IDAHO STAKE, )
CHURCH OF JESUS CHRIST OF ) PRELIMINARY ORDER
LATTER DAY SAINTS )
)

This matter having come before the Idaho Department of Water Resources
("Department”) in the form of a protested application for permit and the Department
having held a conference and a hearing in the matter, the hearing officer enters the
foliowing Findings of Fact, Conclusions of Law and Preliminary Order:

FINDINGS OF FACT

1. On January 24, 2002, the Oakley Idaho Stake, Church of Jesus Christ of
Latter Day Saints ("applicant") submitted Application for Permit No. 45-13430
("application”) to the Department proposing the diversion of 0.02 cubic feet per second
("cfs") of ground water to be used for year-round domestic purposes in connection with
a church recreational campground. The proposed point of diversion and place of use is
located in the NE1/4SE1/4 Section 36, T12S, R23E, B.M.

(Note: The "1/4" designations will be omitted from subsequent legal descriptions
in this order).

2. The Department published notice of the application that was subsequently
protested by Dwayne Harrison and Bill Poulton. Lambert Produce, Inc. filed a petition
to intervene into the matter that was granted by the Department.

3. On March 4, 2003, the Department conducted a hearing in the matter.
The applicant was present and was represented by Don F. Pickett. Protestant Lambert
Produce, Inc. was represented by Laird B. Stone. Protestants Bill Poulton and Sharon
Harrison were present and represented themselves.

4. Issues the Department can consider in this matter are as follows:

a. Whether the appropriation will reduce the quantity of water under existing
water rights;

b. Whether the water supply itself is insufficient for the purpose for which it is
sought to be appropriated;

C. Whether the application is made in good faith, or is made for delay or

speculative purposes;
MICROILME U
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d. Whether the applicant has sufficient financial resources with which to
complete the work involved therein;

e. Whether the proposed appropriation will conflict with the local public
interest; and
f. Whether the proposed appropriation is contrary o conservation of water

resources within the state of Idaho.

5. Exhibits premarked, offered or accepted as a part of the record are as
follows:

Applicant's

Exhibit 1 -  Application for Permit No. 45-1 3430

Exhibit2- IDWR Water Right Report for 45-04202

Exhibit 3- USGS Map showing vicinity of organizational camp and spring

Exhibit4 - USGS Aerial Photograph

Exhibit 5- Schematic diagram of Oakley Stake Church Ranch at Willow Creek

Exhibit 6 - Schematic of Restrooms and Showers Building

Exhibit 7 - Oakley Stake Recreation Camp - Utilization information

Exhibit 8 -  Letter dated July 11, 2002 to W. Gary Whiteley from Charles E.
Brockway

Exhibit 9 - Idaho Bureau of Mines and Geology Bulletin No. 14 - titted Geology
and Mineral Resources of Eastern Cassia County, Idaho by Alfred
L. Anderson - September 1931

Exhibit 10 - Figure 4 - A portion of the geologic map by (Alfred L) Anderson
showing the geology of the Willow Creek drainage

Exhibit 11 - Figure 5 - Geologic cross section of (Alfred L) Anderson's which
passes through the church camp and well site

Exhibit 12 - Resume of Charles E. Brockway, P.E., Ph.D.

Protestant's Exhibits - None offered

6. The domestic use sought is in connection with a church ranch
development including construction of shower facilities, an upgrade to a cabin including
a new kitchen, sleeping and community room with bathroom facilities and a potable
supply of water for camping areas. Irrigation is not planned.

7. The applicant owns the following decreed water right that has been used
in the past in connection with the church recreational campground.

Identification No:  45-04202

Source: Spring

Priority: July 1, 1968

Rate of diversion: 0.02 cfs

Volume limitation: 2,500 gallons per day

Point of diversion: SESE Section 36, T12S, R23E, B.M., Cassia County

MICRG:-iLhat U
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Use: Domestic

Season of use: May 1 to September 30
Place of use: SESE Section 36, T128, R23E, B.M., Cassia County
Remarks: The place of use is also known as Oakley Valley Farm

8. The spring used under right 45-04202 has been developed with a
concrete spring collection box and with pvc pipe that carries water to the church camp.
The spring flows about 7 gallons per minute in the early part of the year but diminishes
later in the summer. Flow from the spring naturally discharges into a different drainage
than Willow Creek and is imported into the Willow Creek drainage. Water from the
spring has been used for washing and cleaning but not for potable uses at the camp.

9. Willow Creek loses water to the underlying aquifer. Underlying strata is
quartzite and limestone. The limestone is very thick and would be the source of water
for the well. (See Applicant's Exhibit 9).

10.  The maximum potential consumptive impact on Willow Creek as a result
of pumping ground water as proposed in the application would be about 154 gallons per
day. The average annual volume of water sought for the camp is about 0.57 acre feet
per year. (See Applicant's Exhibit 8).

11.  The applicant is willing to use to flow of the spring to mitigate any adverse
impact on other water rights if those impacts are determined to exist.

12.  The use proposed in the application is located within the boundaries of
the Oakley-Kenyon Critical Groundwater Area that was designated on January 16, 1962
and modified on September 6, 1967.

13.  The protestants divert and use water from Willow Creek about 6 miles
distant from the church camp. The protestants stated they do not presently have
enough water for their uses and oppose any applications that could further reduce the
amount of water for their rights.

ANALYSIS

The rate and volume of water sought under this application is so small that the
requirement for filing an application for permit is waived by provisions of Section 42-
227, Idaho Code. In this particular case, the applicant is willing to mitigate the domestic
use with a prior existing water right from a spring, if injury to other water rights is
determined. It is difficult to imagine that the insignificant amount of use proposed under
the application would injure other water rights located 6 miles distant especially since
the use can be mitigated. The application should be approved.

MICRG: Lk o
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CONCLUSIONS OF LAW
1. Section 42-203A, Idaho Code, provides in pertinent part as follows:

In all applications whether protested or not protested where the
proposed use is such (a) that it will reduce the quantity of water under
existing water rights, or (b) that the water supply itself is insufficient for the
purpose for which it is sought to be appropriated, or (c) where it appears
to the satisfaction of the director that such application is not made in good
faith, is made for delay or speculative purposes, or (d) that the applicant
has not sufficient financial resources with which to complete the work
involved therein, or (e) that it will conflict with the local public interest,
where the local public interest is defined as the affairs of the people in the
area directly affected by the proposed use, or (f) that it is contrary to
conservation of water resources within the state of Idaho; the director of
the department of water resources may reject such application and refuse
issuance of a permit therefor... .

2. Pumped ground water that is not consumptively used at the church camp
will increase the flow in Willow Creek or will return to the aquifer and will not have a
negative impact on the flow in Willow Creek.

3. Use of water as proposed in the application is very small and will not
reduce the quantity of water under existing water rights.

4. The water supply itself is sufficient for the purposes intended.

5. The application is made in good faith and not for delay or speculative
purposes.

6. The applicant has sufficient financial resources with which to complete the
project.

7. The application does not conflict with the local public interest.

8. The application is not contrary to the conservation of water resources
within [daho.

9. The Department should approve the application with certain conditions.
ORDER

IT IS THEREFORE, hereby ORDERED that Application for Permit No. 45-13430
in the name of the Oakley Idaho Stake, Church of Jesus Christ of Latter Day Saints is
APPROVED subiject to the following conditions:

M’CHCJZ‘IL.!!L‘"KL i
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Proof of application of water to beneficial use shall be submitted on or
before April 1, 2006.

Subject to all prior water rights.

The applicant shall use Water Right No. 45-4202 for mitigation of ground
water use upon a showing by protestants that prior water rights are being
injured.

Project construction shall commence within one year from the date of
permit issuance and shall proceed diligently to completion unless it can be
shown to the satisfaction of the Director of the Department of Water
Resources that delays were due to circumstances over which permit
holder had no control.

Right holder shall comply with the drilling permit requirements of Section
42-235, \daho Code and applicable Well Construction Rules of the
Department.

Domestic use is for a ChErﬁh recreational campground.
L}

Signed this __ [ 8~ dayof MM | 2003.

L. GLEN SAXTON, P.E. /
Hearing Officer

MiC f:li:, [ *- R
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CERTIFICATE OF SERVICE

MER N S

| HEREBY CERTIFY that on this /6'%4 day of April, 2003, the above and
foregoing document was served on the following by placing a copy of the same in the
United States mail, postage prepaid and properly addressed to the following:

DON F PICKETT BILL POULTON
ATTORNEY AT LAW 977 S150E
1659 SOUTH 600 WEST BURLEY ID 83318

OAKLEY ID 83346
ALLEN MERRITT

LAIRD B STONE SOUTHERN REGION
STEPHAN, KVANVIG, STONE & 1341 FILLMORE ST STE 200
TAINOR TWIN FALLS 1D 83301-3380
PO BOX 83

TWIN FALLS ID 83303-0083

DWAYNE B & SHARON K HARRISON
972 S 150 E

BURLEY ID 83318 W Q g . a

Deborah J. Gibsord i
Administrative Assistant
Water Allocation Bureau

PRELIMINARY ORDER, Page 6



IDAHO DEPARTMENT OF WATER RESOURCES DIRK KEMPTHORNE

SOUTHERN REGION GOVERNOR

1341 FILLMORE ST STE 200

TWIN FALLS ID 83301-3380 KARL J DREHER

(208) 736-3033 DIRECTOR

T AR S AR 2 s 2 AR AR A
RECEIVEp

CHANGE IN ADDRESS DGNJAN 27 2003

mz?umwf:'mffMUrm,

IN THE MATTER OF APPLICATLON FOR PERMIT
# 13430

Y5 ) 7430

ErWater Right Number(s):

0 Old Mailing Address:

FNew Mailing Address: OAKLEY IDAHO STAKE

c/o President W. Gary Whiteley

P.0O. Box 211 , Oakley, Idaho 83346

J New Telephone Number: ( ) -

Signature cf Claimant(s):

Date:

FOR IDWR USE ONLY
|nitial Review and Data Entry
Date: 8y:
Further Action Needed:

Further Action Taken

Date: By:
Final Review and Data Entry PP . /
Drate: Bv: Mlbn\." OB R




Don F. Pickett

ATTORNEY AT LAW
1659 SOUTH €00 WEST
OAKLEY, IDAHO 83346

e o

/"'-1_0..”;:}“‘\ S sewe e
RECEIVED A
JAN 27 20m3 -
Deparimest of Water Resourcas
Snutham Ranlon

Idaho Department of Water Resources

Southern Region
1341 Fillmore Street, Suite 200

Twin Falls, Idaho 83301-3380
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RECEIVED

JAN © T 20
JAN 15 2002 Dopartmant ot Water Resources 445 - 13430

RECE ED

RN 202 Depatment of Water Resources Southem Reglon 1jov;. o,
S R STATE OF IDAHO z{“\
DEPARTMENT OF WATER RESOURCES P

APPLICATION FOR PERMIT ij* 7/}

To appropriate the public waters of the State of idaho
LAITE @ Day SANTS .
1. Name of Applicant Phone 22~ 3368

Mailing address \340 k.’ MAIN ST OaHIr_u I IDdHD ©35%546

2. Source of water supply GORrRoND WATER wh:ch is a tribuiary of A LA
3. Lacation of point of diversion is Township _[ 2, & Range 23 B sec. 36 Linthe NE Y,
SE A %, Govt. Lot BM, _ CAassia County,

additionai peoints of diversion if any.

. Water will be used for the following purposes:

Amourt O-02 CFS for ' . purposes from Q;g,g b to Dec, 3§ (both dates inclusive)
{cfs or acre-feet peranqum D MesT te.

Amgunt for purposes from to {both dates inclusive)
{cfs or acre-feet per annum)

Amount for purpeses from te (both dates inclusive)
(cfs or acre-feet per annurn)

Amount for purposes from _ lo_ (both dates inciusive)
{cfs or acre-feet per annum)

Amount for purposes from to _ {bath dates inclusive)
(cfs or acre-feet per annun

Amount for purposes from to (both dates inclusive)
{cfs or acre-feet per annum)

5. Total quantity to be appropriated is (a) 0.0 2 L r ._) andfor (b)
cubic feet per second acre feet par annum

8. Proposed diverting works:
a. Describe type and size of devices used to divert water from the source _ ELECTRIC M CTOE,. AND
Pem D

b, Hesght of storage dam feet; active reservoir capacity __ acre-feet; total

reservolr capacity acre-feet

i ’ - f
Propcsed well diameter is 3 inches; proposed depth of weil is @ IO feet

Is ground water with a tfemperature of greater than 85°F being sought? NO

a o

il

- if weil 15 alleady dniled, when? ; Dalling firm

Weit was drifled for (well owner) ; Drilling Permit No,

7. Time required for completion of works and appiication of water to proposed beneficial use is i years (minimum 1 year)
8. Description of proposed uses {if irrigation only, go to item 9):
Hydropower; show total feet of head and proposed capacity in KW.

Stackwatering; list number and kind of livestock,

a

b

G Municipal; shrw rame of municipality,
d

Domaestic; show number of househoids.

s. Cther; desuive fuily. Clhgy T am SEPVIC a K[rc.ﬂfm,
SHeWeR AND RESTRIoM FAULITIES AS Well Jdc d_Soppty To Cd:nging drea s.

MICAT  iihie
e PN
BCY 2 5 70m3



9/5—‘/3430

3. Description of place of use:
a. If water is for irrigation, indicate acreage in each subdivision in the tabutation below.

b. If water is used for other purposes, place a symboi of the use (example: D for Domestic) in the correspanding place of use
below. See instructions for standard symboaols.

TWP | RGE | SEC NE NW SW SE TOTALS

NE NW SW SE NE NW S SE NE NwW Sw 3£ NE NW SW SE

12.$|2BE| 36 gD

l'otal number of acres to be irrigated

18. Describe any other water rights used for the same purposes as described above.

11 & Who owns the property at the point of diversion? Ouicd Py SO0 STIRE § CHUH O F € S8 Chrst oLt dda/s Saiars

b. Who owns the land to be irigated or place of use? Sane 2T dBCUE
c. !If the property is owned by a person other than the appiicant, describe the arrangement enabling the applicant to make

tnis fing: . GaRy Whir £ty 15 the Stave Preuent oF Ookiry dhihoStoks

2. Remarks:

13. MAP OF PROPOSED PROJECT REQUIRED - Attach an 8%"x11" map clearly identifying the proposed point of diversion,
place of use, section #, township & range. {A photocapy of a USGS 7.5 minute topographic quadrangle map is preferred.)

BE {T KNOWN that the undersigned hereby makas this application for permit to appropriate the pubiic waters of

the State of Idaho as herein set forth.
Dy elosloy  Sotepim

Signaturefpplican! {and titlenidgefbatic)

Yol /
2eceived by _~J F Date /5151/0 2 Time Preliminary check by _eJ” ~ /

o 1 -~
‘ee$_ flo. ol Receipted by _ J £ # SR ] Date ___Je24d /O A
3ublication prepared by ___ 2ngt Date __ 7, /o Publishedin __sfor ~ A Foropn -

Subtication approved 4 Date

-
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Page 1 Ident. No. 45-13430

STATE OF IDAHO
DEPARTMENT OF WATER RESOURCES

APPLICATION FOR PERMIT
To appropriate the public water of the State of Idaho

1. Name: OAKLEY IDAHO STAKE, CHURCH OF JESUS CHRIST OF LATTER DAY SAINTS
340 W. MAIN STREET
OAKLEY ID 83346
(208)862-3368

2. Source: GROUND WATER

3. Location of Point of Diversion:

#1 GROUND WATER NE1/4SE1/4 Sec. 36, Twp 128, Rge 23E, B.M.
CASSIA County

4. Water will be used for the following purposes:

Purpose From _To RATE OF DIVERSION ANNUAL VOLUME

DOMESTIC 01/01 to 12/31 0.02CFS

5. Total quantity to be appropriated is: 0.02 CFS

6. Proposed diverting works:

POINT OF DIVERSION #1
a. Type and size of devices used to divert water from the source: ELECTRIC MOTOR AND

PUMP.
b. Height of storage dam feet;
Active reservoir capacity acre-feet;
Total reservoir capacity acre-feet;.

¢. Proposed well diameter is 8 inches;
Proposed depth of well is 300 feet.
d.ls ground water with a temperature of greater than 85F being sought? N
. If well is already drilled, when? ;
Drilling Firm ;
Drilling Permit No.

7. Time required for the completion of the works and application of the water to the proposed
beneficial use is year(s). 3 903

8.



Page 2 Ident. No. 45-13430

STATE OF IDAHO
DEPARTMENT OF WATER RESOURCES

APPLICATION FOR PERMIT

To appropriate the public water of the State of Idaho
PLACE OF USE: DOMESTIC

Twp Age Sec | NE | N
%ﬂElMlﬂlﬁl}El&lﬂ
! |

128 23E 36

9a. Who owns the property at the point of diversion? If other than applicant,
describe the arrangement enabling the applicant to make this filing.

APPLICANT

9b. Who owns the land to be irrigated or place of use? If other than applicant,
describe the arrangement enabling the applicant to make this filing.

APPLICANT

10. Remarks:

11. Map of proposed point of diversion and place of use attached? []

BE IT KNOWN that the undersigned hereby makes application for permit to appropriate the public
waters of the State of Idaho as herein set forth.

Applicant
Received by Date Time _ Preliminary check by
Publication prepared by Date Published in
Publication approved Date

Receipt No. S024565
Date:

Receipted by:

ACT 5 5 1
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State of ! 1ho |
DEPARTMENT OF WATER RESOURCES

1301 North Orchard Street, Boise, ID 83706 - P.O. Box 83720, Boise, ID 83720-0098
Phone: (208) 327-7900 Fax: (208) 327-7866 Web Site: www.idwr.state.id.us

DIRK KEMPTHORNE

Governor

KARL J. DREHER
June 2, 2003 Director

CHURCH OF JESUS CHRIST OF THE LATTER DAY SAINTS
OAKLEY STAKE

PO BOX 211

OAKLEY ID 83346

RE: Permit No. 45-13430
Permit Transmittal Notice

Dear Permit Holder:

The Department of Water Resources has issued the enclosed permit authorizing you
to establish a new water right. Please be sure to thoroughly review the conditions of
approval and remarks listed on your permit.

As a permit owner you must commence the excavation or construction of the diverting
works within one year of the date the permit was issued, and you must proceed
diligently until the project is completed. The date shown under condition no. 1 is the
date when the project must be completed.

The Department will send you a 'Proof Due Notice’ approximately 60 days prior to the
above referenced date requesting you to file either a Proof of Beneficial Use form or a
Request for Extension of Time form.

The right to drill a well is not a part of this permit 10 appropriate water. Beginning in
July of 1987, a statute was enacted which requires a drilling permit for new well
construction and deepening of existing wells. If the well(s) proposed for use under this
water right permit were drilled or deepened after July 1, 1987, a separate drilling
permit must be obtained from this Department. Please contact the Ground Water
Protection Section located here at this office or our regional office nearest you.

Also, please note that water right owners are required to report any change of water
right ownership and/or mailing address to the Department within 120 days of the
change. Contact any office of the Department or visit the Department’s homepage on
the Internet to obtain the proper forms and instructions.

MI‘J‘:‘CJD : |L.;V--.. -
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Church of Jesus Christ  (he Latter Day Saints
Oakley Stake

Page 2

June 2, 2003

If you have any questions, please contact me at 208-327-7946.

) fon

Shelley W¥ Keen
Water Rights Supervisor

Sincerely,

Enclosure(s)



State of I..aho
DEPARTMENT OF WATER RESOURCES

1301 North Orchard Street, Boise, ID 83706 - P.O. Box 83720, Boise, ID 83720-0098
Phone: (208) 327-7900 Fax: (208) 327-7866 Web Site: www.idwr.state.id.us

DIRK KEMPTHORNE

Gaovernor

KARL J. DREHER
Director

April 18, 2003

Re: In the matter of Application for Permit No. 45-13430 in the name of Oakley Idaho
Stake, Church of Jesus Christ of Latter Day Saints

Dear Interested Parties:

The Department of Water Resources (department) has issued the enclosed
Amended Preliminary Order pursuant to section 67-5243, Idaho Code. It can and
will become a final order without further action of the Department unless a party
petitions for reconsideration or files an exception and/or brief as described in the
enclosed information sheet.

Please note that water right owners are required to report any change of water
right ownership and/or change of mailing address to the department within 120 days of
the change. Failure to report these changes could result in a $100 late filing fee.
Contact any office of the department or visit our homepage on the Internet to obtain the
proper reporting form.

If you have any questions, please call me at (208) 327-7953.
Sincerely,
Deborah J. Gibson

Administrative Assistant
Water Allocation Bureau

Enclosures
(o IDWR - Regional Office Manager

ML AL - e
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RESPONDING TO PRELIMINARY ORDERS ISSUED
BY THE IDAHO DEPARTMENT OF WATER RESOURCES

The accompanying order is a Preliminary Order issued by the Idaho Department of
Water Resources (Department) pursuant to section 67-5243, Idaho Code. It can and will
hecome a final order without further action of the Department unless a party petitions for
reconsideration within fourteen (14) davs after issuance as further described below:

PETITION FOR RECONSIDERATION

Any party may file a petition for reconsideration of a preliminary order with the hearing
officer within fourteen (14) days of the service date of the order as shown on the certificate of
service. Note: the petition must be received by the Department within this fourteen (14)
day period. The hearing officer will act on a petition for reconsideration within twenty-one (21)
days of its receipt, or the petition will be considered denied by operation of law. See section 67-
5243(3) Idaho Code.

EXCEPTIONS AND BRIEFS

Within fourteen (14) days after (a) the service date of a preliminary order, (b) the service
date of a denial of a petition for reconsideration from this preliminary order, or (c) the failure
within twenty-one (21) days to grant or deny a petition for reconsideration from this preliminary
order, any party may in writing support or take exceptions to any part of a preliminary order and
may file briefs in support of the party’s position on any issue in the proceeding to the Director.
Otherwise, this preliminary order will become a final order of the agency.

If any party appeals or takes exceptions to this preliminary order, opposing parties shall
have fourteen (14) days to respond to any party’s appeal. Written briefs in support of or taking
exceptions to the preliminary order shall be filed with the Director. The Director retains the right
to review the preliminary order on his own motion.

ORAL ARGUMENT

If the Director grants a petition to review the preliminary order, the Director shall allow
all parties an opportunity to file briefs in support of or taking exceptions to the preliminary order
and may schedule oral argument in the matter before issuing a final order. If oral arguments are
to be heard, the Director will within a reasonable time period notify each party of the place, date
and hour for the argument of the case. Unless the Director orders otherwise, all oral arguments
will be heard in Boise, Idaho.

Mic
(‘hc! o, -
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CERTIFICATE OF SERVICE

All exceptions, briefs, request for oral argument and any other matters filed with the
Director in connection with the preliminary order shall be served on all other parties to the
proceedings in accordance with Rules of Procedure 302 and 303.

FINAL ORDER

The Department will issue a final order within fifty-six (56) days of receipt of the written
briefs, oral argument or response to briefs, whichever is later, unless waived by the parties or for
good cause shown. The Director may remand the matter for further evidentiary hearings if
further factual development of the record is necessary before issuing a final order. The
Department will serve a copy of the final order on all parties of record.

Section 67-5246(5), Idaho Code, provides as follows:

Unless a different date is stated in a final order, the order is effective fourteen
(14) days after its issuance if a party has not filed a petition for reconsideration.
If a party has not filed a petition for reconsideration. If a party has filed a petition
for reconsideration with the agency head, the final order becomes effective when:

(a) the petition for reconsideration is disposed of; or
(b)  the petition is deemed denied because the agency head did not dispose of
the petition within twenty one (21} days.

APPEAL OF FINAL ORDER TO DISTRICT COURT

Pursuant to sections 67-5270 and 67-5272, Idaho Code, if this preliminary order becomes
final, any party aggrieved by the final order or orders previously issued in this case may appeal
the final order and all previously issued orders in this case to district court by filing a petition in
the district court of the county in which:

1. A hearing was held,

ii. The final agency action was taken,

iil. The party seeking review of the order resides, or

v, The real property or personal property that was the subject of the agency action is
located.

The appeal must be filed within twenty-eight (28) days of this preliminary order
becoming final. See section 67-5273, Idaho Code. The filing of an appeal to district court does
not itself stay the effectiveness or enforcement of the order under appeal.
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RE: LDS
PLACE:
DATE:

45-13430
10:00 AM March 4,

HEARING QFFICER: Glen Saxton
ASSISTED BY: Allen Merritt

USFS Qffice, Burley 1D
2003

EXHIBIT LOG

APPLICANT PROTESTANT
EX%&?IT DESCRIPTICN ENTERED? EX%%?IT DESCRIPTION ENTERED?Y

1 Aplic. 45-134% | VYes A Nohe
2 W R Rpot 45-4102] YeS B

3 useS Map Ve s c

4 uses 42‘!1—1_2‘0*- Yes D

> S b disgn | TeS E

6 Reshwor, semlie Yes a ’

7 Ukilinkiow jufe | Yes G

8 Thifor jedhes Ye.$ H

9 I0m Pl #14 | Yes !

10 beo _map ‘l)q J

11 Geo Qrosy e Yes K

12 Brodlin, Rasune | ‘Yes L

13 M

14 N

15 0

16 P

17 0

18 R

19 S

20 T

21 U

22 v

23 W

24 X

25 Y

26 Z
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Applicant's

Exhibit 1 -
Exhibit 2 -
Exhibit 3 -
Exhibit 4 -
Exhibit & -
Exhibit 6 -
Exhibit 7 -
Exhibit 8 -

Exhibit 9 -

Exhibit 10 -
Exhibit 11 -
Exhibit 12 -
Exhibit 13 -
Exhibit 14 -

Protestant's

Exhibit A -

E'\C[A‘I.lﬂ‘-r Ldj_
- I

Application for Permit No. 45-13430

IDWR Water Right Report for 45-04202

USGS Map showing vicinity of organizational camp and spring
USGS Aerial Photograph

Schematic diagram of Oakley Stake Church Ranch at Willow Creek
Schematic of Restrooms and Showers Building

Oakley Stake Recreation Camp - Utilization information

Letter dated July 11, 2002 to W. Gary Whiteley from Charles E.
Brockway

ldaho Bureau of Mines and Geology Bulletin No. 14 - titled Geology
and Mineral Resources of Eastern Cassia County, |daho by Alfred
L. Anderson - September 1931

Figure 4 - A portion of the geologic map by Anderson showing the
geology of the Willow Creek drainage '

Figure 5 - Geologic cross section of Anderson's which passes
through the church camp and well site

Resume of Charles E. Brockway, P.E., Ph.D.
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RECEIVED

MAR 10 2003
Don F. Pickett
ATTORNEY AT LAW Depariment of Waler Resourees
186569 SOUTH 600 WEST
E-malL: donfp@pmtorg OAKLEY, IDAHO BA346 TELEPHONE

{20oR) 8&2-3327

FAX NO.
(208) 862 - 365!

FACSIMILE TRANSMITTAL COVER SHEET

TELEFAX TO: L. Glen Saxton
' 1daho Department of Water Resources
P.O. Box 83720
Boise, Idaho 83706
Fax No. (208) 334-2348

DATE: March 3, 2003

COMMENTS: RE: APPLICATION FOR WATER PERMIT Nol 45-13430
POULTON, ET AL, v1s. OAKLEY IDAHO STAKE OF THE
CHURCH OF JESUS CHRIST OF LATTER-DAY SAINTS

Under this cover sheet please find our our OBJECTION AND
MOTION TO STRIKE WITNESS AND EXHIBITS

Thete is (are) __4 _ page (5) following this cover sheet. Tf all of the pages arc not
received, please contact this office immediately.

NOTICE: This message is intended only for the use of the ndividual or entity to which it1s addressed and
may contain information that is privileged, confidential and exempt from disclosure under applicable law.
1f the reader of this message is not delivering the message 0 the intended person, or the employee or agent

MICAT: vl o

T 2 0 ?ﬂf‘gg‘;



Don F. Pickett, ISB# 3422
1659 South 600 West
Oakley, Idaho 83346
Telephone (208) 862-3327
Facsimile: (208) 862-3651

Attorney for Applicant
STATE OF IDAHO
DEPARTMENT OF WATER RESOURCES
*
—_—

In Re:
OAKLEY IDAHO STAKE OF THE Tdentification No. 45-13430
CHURCH OF JESUS CHRIST OF
LATTER-DAY SAINTS,

OBJECTION AND MOTION

TO STRIKE WITNESS AND

Applicant, EXHIBITS
Vs.

BILL A. POULTON, DWAYNE B.
HARRISON and SHARON K.
HARRISON, husband and wife, and
LAMBERT PRODUCE, INC.

Protestants/Intervenor.
M

*

Qakley Idaho Stake of The Church of Jesus Christ of Latter-day Saints (“Applicant™), by and

through its attorney of record, hereby objects to Intervenor’s Witness List and Exhibits submitted by

Lambert Produce, Inc., and moves to strike any witnesses and exhibits not disclosed, and any

exhibits not mailed to Applicant by February 18, 2003, in accordance with the Hearing Officer’s

Notice of Hearing and Pre-hearing Order (*“Order”) dated Fanuary 16, 2003.

OBIECTION AND MOTION TO STRIKE - Page 1
Micse
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In the Hearing Officer’s Order, the Hearing Officer specified that ©. . . each party wiil mail
to L. Glen Saxton, the hearing officer, at Idaho Department of Water Resources, PO Box §3720:
Boise ID 83706 and to the other parties of record on or before February 18, 2003 the following
information as prescribed below: (1) A list of witnesses, including expert witnesses the party will
call or rely on. (2) Copies of documents and proposed exhibits the party may offer at the hearing.
. . .” (Emphasis in original.) The Order concluded by again emphasizing in underlined bold that
“Only witnesses or exhibits properly disclosed will be considered at the hearing.™

On February 18,2003, Applicant mailed Applicant 's Witness List and Exhibits in accordance
with the Order, including copies of al} exhibits to the Hearing Officer and to the other parties of
record. Applicant received a U.S. Postal Service Delivery Confirmation Receipt and, according to

the applicable internet web site at www.usps.com, each party received a copy of Applicant 's Witness

List and Exhibits on or before 12:14 p.m. on February 19, 2003.

Tntervenor sent by facsimile to Applicant Intervenor 's Witness List and Fxhibits at 4:38 p.m.
on Friday, February 28, 2003, which facsimile indicates that the same was transmitted to L. Glen
Saxton, Idaho Department of Water Resources on that same day.

Thus, pursuant to the Order, the Applicant objects to any untimely disclosure of witnesses
or exhibits, and moves to strike the testimony of Cory King as a witness for Intervenor, and
Intervenor’s use of Applicant’s exhibits except for purposes of cross and rectoss. Intervenor’s late
disclosure is in strict violation of the Order and should be denied outright. Intervenor offers no basis

ot factual showing to demonstrate any reason for jts Jate filing, the implication being that it has no

legitimate reason other than its intention to circumvent the Order for its own convenience or lack

of diligence in preparing for the hearing.

Intervenor's late disclosure prejudices the Applicant. The disclosure deadline was intended
OBJECTION AND MOTION TO STRIKE - Page 2
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to require the parties to share the evidence they intend to present at the hearing in order to allow the
parties and the Hearing Officer the opportunity to prepare for the hearing. Because no other party
offered any witness or exhibit as of February 28, 2003, the date of Intervenor’s filing, Applicant
properly concluded that the only necessary preparation for the March 4, 2003 hearing was direct,
cross, redirect and recross of Applicant’s witnesses. Applicant did list Cory King as a potential (not
a probable} witness for the purpose of presenting testimony of a nature similar to that now being
offered by Intervenor, but it was Applicant’s intention to obtain testimony from this adverse witness
only for very specific and limited purposes. It was never Applicant’s intention to open the field of

testimony to anything that Mr. King may perceive to constitute an injury to any senior water right(s)

in Wiillow Creek.
DATED this 3rd day of March, 2003,

Don F. Pickett, Attorney for Applicant, Oakley
Idaho Stake of The Church of Jesus Christ of

Latter-day Saints

OBJECTION AND MOTION TO STRIKE - Page 3
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CERTIFICATE OF MAILING

I hereby certify that on this 3rd day of March, 2003, T caused to be served a true and correct
copy of the foregoing by the method indicated below, and addressed to the following:

L. Glen Saxton

Idaho Department of Water Resources

P.O, Box 83720
Boise, Idaho 83706

Dwayne B. and Sharon K. Harrison
972 South 150 East
Burley, Idaho 83318

Bill Poulton
977 South 150 East
Burley, ldaho 83318

Laird B. Stone, Esq.

STEPHAN KVANVIG STONE & TRAINOR

P.O. Box 83
Twin Falls, Idaho 83303-0083

DATED This 3rd day of March, 2003.

OBJECTION AND MOTION TO STRIKE - Page 4

s, e

v, US.MAIL

__ HAND DELIVERED
___ OVERNIGHT MAIL
v TELECOPY (FAX)

/ US. MAIL

HAND DELIVERED
OVERNIGHT MAIL
TELECOPY (FAX)

~_US MAIL

__ HAND DELIVERED
____ OVERNIGHT MAIL
TELECOPY (FAX)

_/_ US.MAIL

~ HAND DELIVERED
OVERNIGHT MAIL
TELECOPY (FAX)

/Ry

Don F' Pickett
Attorney for Applicant




SENT BY: IDWRWESTERN REGION; 334 2344, MAR-3-03 4:53PM; PAGE 1

TO: S0 WAIN AT: 9327788
SIEFAEY AVHRVED 5L Fax: 2087333619 8 Mar 3 2 16:41 P 01
STEPHAN, KVANVIG, STONE & TRAINOR
ATTORNEYS AT LAW

ROBERT W_STEPHAN 19481992 WELLS FARQO BANK BURLDMNG SRANK L STEPHAN 18861952

kait!_m 102 m_% ;;,Vgll‘% io.l;rﬂ DANIEL A_El.:m 1998-1987
RUSSELL G. KVANVIG 'I\VINP&SU.S. {DARD 83%03-0083 TELEPHONE 108T33-2742
LAIRD B. STONE FAX 208/733.301%
KEVIN F. TRAINOR

0 FAX Cover Sheet =FAX Message EGEIVED
R el
DATE: Macch 3, 2003
FAX No. 208-862-3651 o 55 MAR - 3 2003
20834234 B Deparentof Weter Resources

FROM; Laixd B. Stone

Il prompt response is reguasied check:

TO: Don Pickett
L. Glen Saxton [DWR O FAX (7353619
,__lL pages faxed including this sheat O Phone (733-2721)

RE: LDS/Poulton
Message:

Sece attached copy of the Intervenor's Opposition 1 Objection and Motion to Strike Wimesses and Exhibits.

Hard copy to follow: O YesﬂNo

A i

. This communication is intended solely for the use of the individual or entity to which it is
addressed. 1t may contain information that i3 confidential and/or privilege. If you are not the intended recapient,
or if you are niot responsible for delivering this communication to the intended recipient, you are hereby paotified that
the disclosure of this communicatiot is strictly prohibited. [f you have received this copumunication in exxor, please
notify us immediately by telephone and return the original message 1o us at the above address via regular postal
service. Thank you.



SENT BY: IDWRWESTERN REGION; 334 2348; MAR -3
{ o -3-03  4:53PW; PAGE 2/4
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STEPHAN, KVANVIG, STONE & TRAINOR
Laird B. Stone
P. Q0. Box 83

Twin Falls, Idaho 83303-0083 R
Telephone: 206-733-272% *;\:9@
Facaimile: 208-733-3619 = Z@y
1SB #2363

10271/0PP-OBJ&MTN-STR/ 1o

STATE OF IDAHO
DEPARTMENT OF WATER RESQURCES

In Re:
OAKLEY IDAHO STATE OF THE Case No. 45-13430
CHURCH OF JESUS CHRIST OF

LATTER-DAY SAINTS,
INTERVENQR'S OPPOSITION TO

THE OBJECTION AND MOTION TO

Applicant,
STRIKE WIINESSES AND EXHIBITS

va,

BILL A. POULTON, DWAYNE B.
HARRISON and SHARCON K.
HARRISON, husband and wife,
and LAMBERT PRODUCE, INC.

e e Yt e Tam Tr” Yt Tt el et e M e e e s

LAMBERT PRODUCE, INC. by and through its attorney of
record, files this opposition te the objection and motion to sBtrike
witnesses and exhibits for the reason that the late disclosure does

not prejudice the Applicant as the applicant is aware of and has

prepared for the hearing based upon all the exhibits which have

INTERVENOR'S OPPOSITION TO
THE OBJECTION AND MOTION TO
STRIKE WITNESSES AND EXHIBITS - 1
MICRT: .
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oENI BY. iuWHW€§TEHN HEGLUN; 334 2348; MAR-3-03 4:54PM; PAGE 3/4
: UMY RVEIWAD DIUNE  FAX I AUBr3SSb1Y Mar 3 203 16:42  P.03

been liated and preparsd for the hearing officer and the
Intervenors and further, the Applicant has full and complete
knowledge of all the testimony of the Intervenor, Cory King.
FURTHER, that due to ongoing settlement offers that
caused the late filing, there is no intent by the Intervenor to

circumvent the order for j:ywn convenience.,

Dated this 3 day of March, 2003.
STEPHAN, KVANVIG, STONE & TRAINOR

Attorney for Lambert Produce, Inc.

INTERVENOR'S OPPOSITION TO
THE OBJECTION AND MOTION TO
STRIKE WITNESSES AND EXHIBITE -~ 2
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BENT BY: IDWRWESTERN REGION; 334 2348; MAR-3-03 4:54PM; PAGE 4/4

SIEPHAN KVHNVIG STONF  Fax: 2087333619 Mar 3 20N3 16:42 P.04

c iF1 E QF F. DELIVERY

I hereby certify that on the Z’w day of March, 2003,

1 caused a true and correct copy of the foregoing instrument, to be
faxed, to the folleowing:

L. Glen Saxton

Idaho Department of Water Resources
P.0. Box B3720

Boise, ID 83706

Facsimile No. 208-334-2348

Don Pickett

1659 South 600 Weat
Oakley, ID 83346
Facaimile No. 208-862-3651

ird X.” Stone

I 8}

1 hereby certify that on the i ay of March, 2003,
1 caused a true and correct copy of the foregoing inetrument, to be
mailed, postage prepaid, to the following:
Dwayne B. & Sharon K. Haxvison
972 §. 150 E
Burley, ID 83318
Bill Poulton

977 S§. 150 E.
Burley, ID 83318

INTERVENOR'S OPPOSITION TO
THE OBJECTION AND MOTION TO
STRIKE WITNESSES AND EXHIBITS - 3



MAR - 5 2003
Don F. Pickett, ISB# 3422 Depan
1659 South 600 West entof Watr Fesoons
QOakley, Idaho 83346
Telephone (208) 862-3327
Facsimile: (208) 862-3651
Attorney for Applicant
STATE OF IDAHO
DEPARTMENT OF WATER RESOURCES
—,—

In Re:
OAKLEY IDAHO STAKE OF THE Identification No. 45-13430
CHURCH OF JESUS CHRIST OF
LATTER-DAY SAINTS,

OBJECTION AND MOTION

TO STRIKE WITNESS AND

Applicant, EXHIBITS

Vs.

BILL A. POULTON, DWAYNE B.
HARRISON and SHARON K.
HARRISON, husband and wife, and
LAMBERT PRODUCE, INC.

Protestants/Intervenor.

Oakley Idaho Stake of The Church of Jesus Christ of Latter-day Saints (“Applicant™), by and
through its attorney of record, hereby objects to Intervenor s Witness List and Exhibits submitted by
Lambert Produce, Inc., and moves to strike any witnesses and exhibits not disclosed, and any
exhibits not mailed to Applicant by February 18, 2003, in accordance with the Hearing Officer’s

Notice of Hearing and Pre-hearing Order (“Order”) dated January 16, 2003,

OBJECTION AND MOTION TO STRIKE - Page 1 MICROEIMED
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In the Hearing Officer’s Order, the Hearing Officer specified that *“. . . each party will mail
to L. Glen Saxton, the hearing officer, at Idaho Department of Water Resources, PO Box 83720;

Boise ID 83706 and to the other parties of record on or before February 18, 2003 the following

information as prescribed below: (1) A list of witnesses, including expert witnesses the party will
call or rely on. (2) Copies of documents and proposed exhibits the party may offer at the hearing.
. . .” (Emphasis in original.) The Order concluded by again emphasizing in underlined bold that
“Only witnesses or exhibits properly disclosed will be considered at the hearing.™
OnFebruary 18,2003, Applicant mailed Applicant 's Witness List and Exhibits in accordance
with the Order, including copies of all exhibits to the Hearing Officer and to the other parties of
record. Applicant received a U.S. Postal Service Delivery Confirmation Receipt and, according to

the applicable internet web site at www.usps.com, each party received a copy of Applicant’s Witness

List and Exhibits on or before 12:14 p.m. on February 19, 2003.

Intervenor sent by facsimile to Applicant /ntervenor s Witness List and Exhibits at 4:38 p.m.
on Friday, February 28, 2003, which facsimile indicates that the same was transmitted to L. Glen
Saxton, Idaho Department of Water Resources on that same day.

Thus, pursuant to the Order, the Applicant objects to any untimely disclosure of witnesses
or exhibits, and moves to strike the testimony of Cory King as a witness for Intervenor, and
Intervenor’s use of Applicant’s exhibits except for purposes of cross and recross. Intervenor’s late

disclosure is in strict violation of the Order and should be denied outright. Intervenor offers no basis

or factual showing to demonstrate any reason for its late filing, the implication being that it has no

legitimate reason other than its intention to circumvent the Order for its own convenience or lack

of diligence in preparing for the hearing.

Intervenor’s late disclosure prejudices the Applicant. The disclosure deadline was intended

OBJECTION AND MOTION TO STRIKE - Page 2
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to require the parties to share the evidence they intend to present at the hearing in order to allow the
parties and the Hearing Officer the opportunity to prepare for the hearing. Because no other party
offered any witness or exhibit as of February 28, 2003, the date of Intervenor’s filing, Applicant
properly concluded that the only necessary preparation for the March 4, 2003 hearing was direct,

cross, redirect and recross of Applicant’s witnesses. Applicant did list Cory King as a potential (not

a probable) witness for the purpose of presenting testimony of a nature similar to that now being
offered by Intervenor, but it was Applicant’s intention to obtain testimony from this adverse witness
only for very specific and limited purposes. It was never Applicant’s intention to open the field of
testimony to anything that Mr. King may perceive to constitute an injury to any senior water right(s)
in Willow Creek.

DATED this 3rd day of March, 2003.

It Dite

Don F. Pickett, Attorney for Applicant, Oakley
Idaho Stake of The Church of Jesus Christ of
Latter-day Saints

OBJECTION AND MOTION TO STRIKE - Page Y/!me i
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CERTIFICATE OF MAILING

I hereby certify that on this 3rd day of March, 2003, 1 caused to be served a true and correct
copy of the foregoing by the method indicated below, and addressed to the following:

L. Glen Saxton

Idaho Department of Water Resources

P.0O. Box 83720
Boise, Idaho 83706

Dwayne B. and Sharon K. Harrison
972 South 150 East
Burley, Idaho 83318

Bill Poulton
977 South 150 East
Burley, Idaho 83318

Laird B. Stone, Esq.

STEPHAN KVANVIG STONE & TRAINOR

P.O. Box 83
Twin Falls, Idaho 83303-0083

DATED This 3rd day of March, 2003.

OBJECTION AND MOTION TO STRIKE - Page 4
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s U.S. MAIL

____ HAND DELIVERED

OVERNIGHT MAIL
./ TELECOPY (FAX)

v/ U.S. MAIL
~ HAND DELIVERED
OVERNIGHT MAIL
TELECOPY (FAX)
/ U.S.MAIL
HAND DELIVERED
OVERNIGHT MAIL
TELECOPY (FAX)

/ U.S.MAIL
HAND DELIVERED
OVERNIGHT MAIL
-/ TELECOPY (FAX)

e Ik

Don F. Pickett
Attorney for Applicant
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STEPHAN, KVANVIG, STONE & TRAINOR A

Laird B. Stone o e
p. 0. Box 83 Jore s & Ansi 72
Twin Falls, Idaho 83303-0083 Qﬂ‘ﬂ:z
Telephone: 208-733-2721 e 3
Facsimile: 208-733-3613

ISR #2363

lO27l/OPP*OBJ&MTN—STR/ls

STATE OF IDAHO
DEPARTMENT OF WATER RESOURCES

)
In Re: )
)
OBKLEY IDAHO STATE OF THE } Case No. 45-13430
CHURCHE OF JESUS CHRIST OF )
LATTER-DAY SATNTS, )
) INTERVENOR'S OPPOSITION TO
Applicant, ) THE ORBJECTION AND MOTICON TR
) STRIKE WITNESSES AND EXHIBES
) iy
)
)
)
)
)
)

vVa.

BILL A. POULTON, DWAYNE B. )
HARRISON and SHARCN K.
HARRISON, husband and wife,
and LAMBERT PRODUCE, INC.

ST
i,

LAMBERT PRODUCE, INC. by and through its attorney of
record, files this opposition to the objection and motion to strike
witnesses and exhibits for the reason that the late disclosure does
not prejudice the Applicant as the Applicant is aware of and has

prepared for the hearing based upon all the exhibits which have

INTERVENOR'S OPPCSITION TO MIC A a s
THE OBJECTION AND MOTION TO
STRIKE WITNESSES AND EXHIBITS - 1 BRI ;ﬁ;?mgg



peen listed and prepared for the hearing officer and the
Intervenors and further, the Applicant has full and complete
knowledge of all the testimony of the Intervenor, Cory Xing.

FURTHER, that due to ongoing settlement offers that
caused the late filing, there ia no intent by the Intervenor to
circumvent the order for/i;ifywn convenience.

Dated this 5 day of March, 2003.

STEPHAN, KVANVIG, STONE & TRAINCR

By

aird B. Stone
Attorney for Lambert Produce, Inc.

Micsg,
INTERVENOR'S OPPOSITION TO arT - 4
THE OBJECTION AND MOTION TO “ e N 2m

STRIKE WITNESSES AND EXHIBITS - 2



CERTIFICATE OF FAX DELIVERY

I hereby certify that on the g/egfiday of March, 2003,
I caused a true and correct copy of the foregoing instrument, TO be
faxed, to the following:

L. Glen Saxton

Idaho Department of Water Resources
P.C. Box 83720

Boise, ID 83706

Facsimile No. 208-334-2348

Con Pickett

1659 South 600 West
Oakley, ID 83346
Faceimile No. 208-862-3651

ird &. Séghe

CERTIFICATE OF MAILI§S¢%¢¢
"

I hereby certify that on the ﬁ ' day of March, 2003,

I caused a true and correct ccpy of the foregoing instrument, to be
mailed, postage prepaid, toO the following:

Dwayne B. & Sharon XK. Harrison
972 5. 150 E
Burley, ID 83318

Bill Poulton
977 8. 150 E.
Burley, ID 83318

B. Sténe"/

INTERVENOR'S OPPOSITION TO Micse, )
THE OBJECTION AND MOTICN TO ArT -
STRIKE WITNESSES AND EXHIBITS - 3 40T Y3 200



State of Idaho
Department of Water Resources

ROSTER OF ATTENDANCE ‘-a'sz

IN THE MATTER OF APPLICATION FOR PERMIT NO.
45-13430 IN THE NAME OF OAKLEY STAKE, CHURCH
OF JESUS CHRIST OF LATTER DAY SAINTS

Date: March 4, 2003

Time: 10:00 a.m.

Location: Minidoka Ranger District Building
3650 South Overland Avenue
Burley, ID

Hearing Officer: L. Glen Saxton

** Please Print **

NAME ADDRESS REPRESENTING
(Applicant, Protestant)

/ ,
Don F. Lrketld /1653 2. bvoe? wa)j,, ZA ffﬁ%;/ @p/nl‘rw»i«
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A5~ {3430
ROSTER OF ATTENDANCE - PAGE _é

* * Dlease Print* *

NAME ADDRESS REPRESENTING
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STEPHAN, KVANVYIG, STONE & TRAINOR

ATTORNEYS AT LAW RE CEIVED Fave STEFHAN 1888-1952

ROBERT W. STEPHAN 1846-1982
DANIEL A, SLAVIN 1938-1887

RET'RED WELLS FARGO BANK BUILDING
T 102 MAIN AVENUE SOUTH
RUSSELL G. KVANVIG POST OFFICE BOX B3 MAR - " 2003 TELEPHDNE EDB 733-2722
LAIRD B. STUNE TWIN FALLS, IDAHD B3303-0083 FAX 2DB-733-3B619

KEVIN F. TRAINOR

Department of Water Resaurces

pae K25 -0
M@Wé “-DW*? Y .

[ 1 County Recorder

Case Number .
Qur File Number /

P(Please file the attached _ﬁé[zm ,w i/,

| ] Please issue the attached . .~ — . . o [
~1 Please certify the attached _ . . . S

"1 Please present to the Judge for his consideration the attached . = - . — — — — — —

[] Please record the enclosed __ N L e —
=1 Qur firm check is enclosed in the amountof $ .. . to cover your feefor. __ . .

7 Please return to this office . . . o - - — — — — — — — —

[]Please forward _ _ _ . — — . - o _ o

Other R o L _

) Sincerely yours,
Mlth~L P be -

ary 4oy ;‘}n-@jEPHA , KVANVIG, TONE & TRAINOR
o A Sl & 7



RECEIVED

STEPHAN, KVANVIG, STONE & TRAINOR

Laird B. Stone MAR - 4 2003

P. 0. Box 83

Twin Falls, Idaho 83303-0083 Dapartment of Water Resources

Telephone: 208-733-2721
Facsimile: 208-733-3619
ISB #2363
10271/INT—WIT-LIST/ls

STATE OF IDAHO
DEPARTMENT OF WATER RESOURCES

In Re:

OAKLEY IDAHO STATE OF THE Case No. 45-13430
CHURCH OF JESUS CHRIST OF
LATTER-DAY SAINTS,
INTERVENOR'S WITNESS LIST
Applicant, AND EXHIBITS
vs.

BILL A. POULTON, DWAYNE B.
HARRISON and SHARON K.
HARRISON, husband and wife,
and LAMBERT PRODUCE, INC.

et et T S Mt St T et Nt et T St S’ Nt Tt

WITNESS LIST
Cory King - Testifying about the nature and extent of
Lambert Produce, Inc.'s concerns regarding its senior water rights
in Willow Creek.
EXHIBITS

Intervenor will rely upon the Exhibits of the Applicant.

Mlbr“:.,: PheTh o

INTERVENOR'S WITNESS LIST aecT ?f;?QRE
AND EXHIBITS - 1 U I A B L



Dated this :2223 aay of February, 2003.

STEPHAN, KVANVIG, STONE & TRAINOR

Taird®B. Stone
Attorney for Lambert Produce, Inc.

CERTIFICATE OF FAX DELIVERY

o
I hereby certify that on the éﬂf j& day of February,

2003, I caused a true and correct copy of the foregoing instrument,

to be faxed, to the following:

L. Glen Saxton

Idaho Department of Water Resources
P.O. Box 83720

Boise, ID 83706

Facsimile No. 208-334-2348

Don Pickett

1659 Scuth 600 West
Oakley, ID 83346
Facsimile No. 208-862-3651

MICA:

' Yahi
rha. ]

INTERVENOR'S WITNESS LIST &7 [ 3 213
AND EXHIBITS - 2 ‘



CERTIFICATE OF MAILING

a7

I hereby certify that on the 422? day of February,

2003, I caused a true and correct cCopy of the foregoing instrument,

to be mailed, postage prepaid, to the following:

Dwayne B. & Sharon K. Harrison
972 S. 150 E
Burley, ID 83318

Bill Poulton
977 §. 150 E.
Burley, ID 83318

M!Lrﬂ"’l:, ' |L,.l|'a'it.-1..j

INTERVENOR'S WITNESS LIST SET Y 9

AND EXHIBITS

3

Lo



STEPHAN KVANVIG STONE Fax:2087333619 Feb 28 2003 16:39 P.01

STEPHAN, KVANVIG, STONE & TRAINOR

ATTORNEYS AT LAW

ROBERT W. STEPHAN 1946-1 992 WELLS FARGO BANK BULLDING FRANK L. STEPHAN 1386-1952

EETIRED 102 MAIN AVENUE SOUTH DANIEL A SLAVIN 1938-1987

—— POST OFFICE BOX 83 —
RUSSELL G. KVANVIG TWIN FALLS, IDAHO $3303-0083 TELEPHONE 208/733-2722
LAIRD B, STONE " FAX 208/T33-3619
KEVIN F, TRAINO
REC

EIVED
MMZMB

0 FAX Cover Sheet i{ FAX Message Jepartment of Watet Rgsources:

DATE: February 28, 2003
PAX No. 208-862-3651 & REC
208-334-2348 TIME: ._é-:_—?”f"— P.M. EIVED
FPROM: TLaird B. Stone MAR - & 2003

TO:

l/,( pages faxed including this sheet

pon Pickett If prompt response is requesteclﬁ)emmﬂtﬂi Water Resouroes

L. Glen Saxton-IDWR by O FAX (733-3619)
C) Phone (733-2721)

RE:

LDS/Poulton

Message:

gee attached copy of the Intervenor's Witness List and Exhibits

Hard copy to follow: O Yes JKNO

IMPORTANT: This communication is intended solely for the use of the ipdividual or entity to which it is
addressed, It may contain information that is confidential and/or privilege. If you arenot the intended recipient, or

if you are not responsible for delivering this communication to the intended recipient, you are hereby notified that

the disclosure of this communication is strictly prohibited. If you have received this communication in error, please
notify us immediately by telephone and return the original message to us at the above address via regular postal
service. Thank you.

MICRT v

P ooy W 3_7
R R g 28R



STEPHAN KVANVIG STONE Fax:2087333619

STEPHAN, KVANVIG, STONE & TRAINOR

raird B. Stone
p. 0. Box 83
Twin Falls, Idaho 83303-0083

Telephone: 208-733-2721
Facsimile: 208-733-3619
ISE #2363

102'71/INT-WIT-LISTlls

Feb 28 2003 16:39 P.02

RECEIVED
MAR -7 2003

Daparment ot Water Resource:

STATE OF IDAHO
DEPARTMENT OF WATER RESOURCES

In Re:

OAKLEY IDAHO STATE OF THE
CHURCH OF JESUS CHRIST OF
1. ATTER-DAY SAINTS,

Applicant,
ve.

BILL A. POULTON, DWAYNE B,
HARRISON and SHARON K.
HARRISON, husband and wife,

)
)
)
}
)
)
)
)
)
)
)
)
%
and LAMBERT PRODUCE, INC. )
)

Cagse No. 45-13430

INTERVENOR 'S WITNESS LIST
AND EXHIBITS

WITNESS LIST

Cory King - Testifying about the pnature and extent of

Lambert Produce, Inc.'s concerns regarding its senior water rights

in Willow Creek.

EXHIBITS

Intervenor will rely upon the Exhibits of the Applicant.

INTERVENOR'S WITNESS LIST
AND EXHIBITS - 1

her
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STEPHAN KVANVIG STONE Fax:2087333619 Feb 28 2003 16:39 R.BICEIVED

MAR ~7 2003

Depariment of Water Resources

Dated this ‘2223 day of February, 2003,

STEPHAN, KVANVIG, STONE & TRAINOR

air . Stone
Attorney for Lambert Produce, Inc.

CERTIFIC OF F, DELT Y

o
T hereby certify that on the Zﬂé 3& day of February,

2003, I caused a true and correct copy of the foregoing instrument,

to be faxed, to the following:

L. Glen Saxton

Tdaho Department of Waterxr Resources
P.0. Box 83720

Boige, ID 83706

Facsimile No. 208-334-2348

Don Pickett

1659 South 600 West
Oakley, ID 83346
Facsimile No. 208-B62-3651

MICRY . el

INTERVENOR'S WITNESS LIST e s
AND EXHIBITS - 2 e oL g



STEPHAN KVANVIG STONE Fax:2087333619 Feb 28 2003 16:40 P.04

RECEIVEL
MAR -7 2003
CERTIFICATE QF MATLING
7. Department of Waier Resource:
T hereby certify that on the 422; day of February,

2002, I caused a true and correct Copy of the foregoing instrument,

to be mailed, postage prepaid, to the following:

Dwayne B, & Sharon K. Harrison
972 §. 150 E
Burley, ID 83318

Rill Poulton
977 §. 150 E.
Burley, ID 83318

Laird B. Stone
Micxe
INTERVENOR'S WITNESS LIST 7o S,
AND EXHIBITS - 3 -y



STEPHAN KVANVIG STONE Fax:2087333619 Feb 28 2003 16:37 P.01

STEPHAN, KVANVIG, STONE & TRAINOR

ATTORNEYS AT LAW
ROBERT W, STEPHAN 1946-1992 WELLS FARGO BANK BUILDING FRANK L. STEPHAN 1386-19%2
RETIRED 102 MATN AVENUE SOUTH DANIEL A. SLAVIN 1938-1987
——— POST OFFICE BOX 83 —
RUSSELL G. KVANVIG TWIN FALLS, IDAHO 233030083 TELEPHONE 208/733-2722
LAIRD B. STONE FAX, 208/733-3619

KEVINF. TRAINOR

o FAX Cover Sheet A FAX Message

DATE; February 28, 2003
FAX NMo. 208-862-3651 "
208-736-3037 TIME: __;lz/__v _3-_5— P.M.

FROM: Laird B. Stone

. If prompt response is reguested check:
TO: Don Pickett

Alan Merritt - TIDWR by O FAX (733-3619)

O Phone (733-2721)
2 pages faxed including this sheet

RE: LDS/Poulton

Message:

qee attached letter dated this date.

Hard copy to follow: [ Yes Q’No

IMPORTANT: This communication is intended solely for the use of the individual or entity to which it is
addressed. It may contain information that is confidential and/or privilege. If you arc not the intended recipient, or
if you are not responsible for delivering this compmmnication to the intended recipient, you are hereby notified that
the disclosure of this communication s strictly prohibited. If you have received this communication in error, please
notify us immediately by telephone and return the original message to us at the above address via regular postal
service. Thank you.

RECEIVED
MICAD e FEB 28 2003
R s Depariment of Waler Resource:

Southam Ragion



STEPHAN KVANVIG STONE Fax:2087333619 Feb 28 2003 16:37 p.02

STEPHAN, KVANVIG, STONE & TRAINOR

ATTORNEYS AT LAW
ROBERT W, STEPHAN 1946-1992 WELLS FARGO BANK BUILDING FRANK L. STEPHAN 1886-1952
RETIRED 102 MAIN AVENUE SOUTH DANIEL 4. SLAVIN 1938-1987
maren POST OFFICE BOX 83 —_
RUSSELL G. KVANVIG TWIN FALLS, IDAHO 833030083 TELEPHONE 208/733-2722
LAIRD B. STONE FAX 208/733-3619

KEVIN F. TRATNOR

February 28, 2003

VIA FACSIMILE: 208-862-3651
Don Pickett

1659 South 600 West

Qakley, ID 83346

Re:  LDS/Poulton

Dear Mr. Pickett:

Resolution without a hearing is not an option. The only witness on behalf of Lambert Produce, Inc.,
will be Cory King.

LBS:ls
Fax cc: Alan Merritt-TDWR

aacﬁ“’ e®
¢e8 2 L
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B : Engineers, Inc.

ENGINEERS / SURVEYORS / PLANNERS

(Gary Funderburg
IDWR

1341 Fillmore St.
Twin Falls, ID 83301

RE: Willow Creek Camp
Monitoring Well Drilling Permit Extension

Gary,

IN THE FIELDS OF:
PLANNING
SURVEYING
HIGHWAYS
WATER

SEWAGE
STRUCTURAL
SUBDIVISIONS
BRIDGES
ENVIRONMENTAL
QUALITY CONTROL
CONSTRUCTION MGMT.

The LDS church has had a protest on the water right which pertains to a proposed use at
the Willow Creek Church Camp. Because of the protest and hearings they are requesting

an extension of 2 months to the well drilling permit issued by the Department.

If there are any other questions, please give me a call.

Respectfully,

’ :Gary Burkett, P.E.

RECEIVED

?Q WW-'\‘

00013507

A 6‘
“3’2
""»"s«, "

FER 7% 2003 %

Depariment of Water Resouregs

GGANNED
cpp 117908
ML~
Aot 5 MM

521 North College Rd., Suite 100 - Twin Falis, Idaha 83301 « (208) 734-4888 « FAX 734-68048

Westside Office Building, 5th St. and 1st Ave. + Ketchum, Idaho 83340 - [208) 726-3578
516 S. Capital Boulevard, Suite 201 + Boise, ldaho 83702 - (208)] 3B6- 9170




RECEIVED

FER 7% 2033

Don F. Pickett

ATTORNEY AT LAW Dapartment of Water Resources
1659 SOUTH 600 WEST
E-MAIL: donfp@pmtorg OAKLEY, IDAHO 83346 TELEPHONE
February 18, 2003 (208) B&2-3327
FAX NO.

(208) 862 -365|

L. Glen Saxton

Idaho Department of Water Resources
P.O. Box 83720

Boise, Idaho 83706

RE: APPLICATION FOR PERMIT NO. 1 3430

Dear Mr. Saxton:

Enclosed please find the following information submitted by the Applicant in the above-
referenced case, the Oakley Stake of the Church of Jesus Christ of Latter-day Saints:

1. A list of witnesses, including expert witnesses, together with a brief
statement of the substance of testimony from each witness; and

2. Copies of documents and proposed exhibits;
The Applicant will not request that the Director issue any subpoenas at this time.

The Applicant will move that all the enclosed exhibits which IDWR has on file be
officially recognized at the commencement of the hearing, including but not limited to the Idaho
Bureau of Mines and Geology, Bulletin No. 14, dated September 1931 (Exhibit 09). Itis my
opinion that Exhibit 09 should be “self-authenticating” under Rule 902(5) of the 1daho Rules of
Evidence; however, if any party should object to the admissibility of this exhibit, the Applicant
will respectfully request permission for adequate time to obtain certification from the appropriate
certifying authority.

Very truly yours,

J/%j Dbt
Don F. Pickett

DFP/

pc: Bill Poulton
Dwayne & Sharon Harrison
Laird B. Stone, Esq.
Oakley Idaho Stake Presidency
Mmoo
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RECEIVEDL
FEB 20 2003

Department of Water Resources

Don F. Pickett, ISB# 3422
1659 South 600 West
Oakley, Idaho 83346
Telephone (208) 862-3327
Facsimile: (208) 862-3651

Attorney for Applicant

STATE OF IDAHO
DEPARTMENT OF WATER RESOURCES

#

*

In Re:
OAKLEY IDAHO STAKE OF THE Identification No. 45-13430
CHURCH OF JESUS CHRIST OF
LATTER-DAY SAINTS,
APPLICANT’S WITNESS
Applicant, LIST AND EXHIBITS
Vs.

BILL A. POULTON, DWAYNE B.
HARRISON and SHARON K.
HARRISON, husband and wife, and
LAMBERT PRODUCE, INC.

*

*

Pursuant to the Notice of Hearing and Pre-hearing Order, the Applicant, Oakley Idaho
Stake of the Church of Jesus Christ of Latter-day Saints, by and through its attorney of record,

hereby submits the following list of witnesses and exhibits for the contested case hearing in this

matter:

WITNESS LIST AND EXHIBITS - Page 1 e e
MICROFILMED

6CT 24 2000



WITNESS LIST

1. Kent Searle, member of the Oakley Idaho Stake Presidency: Testify as to the general
intent of the Applicant in submitting its application, with testimony relating to the existing
recreational facilities and the Applicant’s intent to further develop existing facilities.

5 Dr. Charles E. Brockway, Ph.D.. P.E.: Provide expert testimony regarding the
hydrological and/or geological science in the area, and the impact, or lack of impact, of the
Applicant’s proposal to senior water rights if the application is approved.

OTHER POTENTIAL WITNESSES

3 Douglas Cranney, member of the Oakley idaho Stake High Council: If Kent Searle is
unable to testify, Douglas Cranney will testify as to the general intent of the Applicant in
submitting its application, with testimony relating to the existing recreational facilities and the
Applicant’s intent to further develop existing facilities.

4. Bill Poulton, protestant (adverse witness): Testify about the nature and extent of his
concerns regarding his senior water right in Willow Creck and in proceeding with this action.

6. Sharon Harrison. protestant (adverse witness): Testify about the nature and extent of
her concerns regarding her senior water right in Willow Creek and in proceeding with this action.

7 Cory King, intervenor for Lambert Produce, Inc. (adverse witness): Testify about the
nature and extent of Lambert Produce, Inc.’s concerns regarding its senior water rights in Willow
Creek and in proceeding with this action.

8. All witnesses called by any other party.

9. Applicant reserves the right to call other witnesses in rebuttal.

LIST OF HEARING EXHIBITS

The following exhibits are submitted but may not be introduced in the order set forth

below:
1. Exhibit “01”: Application for Permit 45-13430.
2 Exhibit “02”: Proof Report of Decreed Right 45-4202.
3. Exhibit “03”: USGS map showing location of applicant’s organizational camp and
spring.
M\CF‘W‘;?. AR

WITNESS LIST AND EXHIBITS - Page 2 oCI 29 T



4. Exhibit “04”: USGS areal photograph of applicant’s organizational camp and
spring.

5. FExhibit “05”: Colored map of existing and proposed recreational facility introduced
for descriptive purposes only and not for boundary or footage accuracy.

- 7 6. Exhibit “06”: Larger scale geological survey map of existing and proposed facility.

e

7 Exhibit “07”: Tentative floor plan of proposed facility.

8. Exhibit “08”; Letter dated July 11, 2002, from Dr. Charles E. Brockway, Ph.D.,
P.E., of the firm Brockway Engineering, regarding Dr. Brockway’s study of potential for injury
to senior water rights.

9 Exhibit “09”: A study of Alfred L. Anderson for the State of Idaho, Idaho Bureau
of Mines and Geology, entitled “Geology and Mineral Resources of Eastern Cassia County”,
Bulletin No. 14, dated September 1931,

59

10. Exhibit “10”: A portion of the geologic map by Andersen (Exhibit “#8”) showing

the geology of the Willow Creek drainage.

11. Exhibit“11”: A portion of the geologic cross section by Anderson (Exhibit “087)
which passes through the church recreational facility and proposed well site.

12. Exhibit“12”: Resume of Dr. Charles E. Brockway which sets forth his
- qualifications to serve as an expert witness in this case.

13. Exhibit “137: Applicant’s projected numbers of people to utilize recreational
facility if application is approved.

14. Exhibit “14”: Colored topographical map introduced to show general elevation of
recreational facility and general location from Willow Creek forks and United States Forest

Service boundary.

Additionally, the Applicant reserves the right to introduce rebuttal exhibits as may be
necessary based upon the exhibits or testimony presented by either the Protestants or the

Intervenor.
DATED: February 17,2003 Respectfully Submitted,
s .
W
/(//Wfs—\f éz"@/ﬁ’
Don I. Pickett

Attormney for Applicant

M’CQQF“H fupr st
WITNESS LIST AND EXHIBITS - Page 3
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CERTIFICATE OF MAILING

1 hereby certify that on this 18th day of F ebruary, 2003, I caused to be served a true and
correct copy of the foregoing by the method indicated below, and addressed to the following:

L. Glen Saxton / _U.S. MAIL
Idaho Department of Water Resources HAND DELIVERED
P.O. Box 83720 _____OVERNIGHT MAIL
Boise, Idaho 83706 ____ TELECOPY (FAX)
Dwayne B. and Sharon K. Harrison / U.S. MAIL
972 South 150 East _ HAND DELIVERED
Burley, Idaho 83318 OVERNIGHT MAIL
TELECOPY (FAX)
Bill Poulton Y~ U.S MAIL
977 South 150 East HAND DELIVERED
Burley, Idaho 83318 OVERNIGHT MAIL
TELECOPY (FAX)
Laird B. Stone, Esq. v U.S. MAIL
STEPHAN KVANVIG STONE & TRAINOR HAND DELIVERED
P.O. Box 83 OVERNIGHT MAIL
Twin Falls, Idaho 83303-0083 TELECOPY (FAX)

DATED This /f day of February, 2003.

S P

Don F. Pickett
Attorney for Applicant

WITNESS LIST AnB e RS Page 4
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State of luaho
DEPARTMENT OF WATER RESOURCES

1301 North Orchard Street, Boise, 11 83706 - P.O. Box 83720, Boise, 1D 83720-0098
Phone: (208) 327-7900 Fax: (208) 327-7866 Web Site: www.idwr.state.id.us

DIRK KEMPTHORNE

Governor

KARL J. DREHER
Director

MEMORANDUM
To: L. Glen Saxton
From: Karl J. Dreherdsd
{
RE: APPOINTMENT AS HEARING OFFICER - PROCEDURE RULE 410
Date: February 12, 2003

You are hereby appointed as hearing officer and are authorized to represent the
Department as provided by IDAPA Rule 37.01.01410 (Procedure Rule 410) in the
following matter:

IN THE MATTER OF APPLICATION FOR PERMIT NO. 45-13430 IN THE
NAME OF OAKLEY STAKE, CHURCH OF JESUS CHRIST OF LATTER DAY

SAINTS
Date: March 4, 2003
Time: 10:00 a.m.
Location: Minidoka Ranger District Building
3650 South Overland Avenue
Burley, ID
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MAILING LIST FOR APP. FOR PERMIT NO. 45-13430

Applicant:

W. GARY WHITELEY PRES
LDS CHURCH - OAKLEY STAKE
M4-WRARIN ST ————

Po Bex K1/

OAKLEY ID 83346
Tele# B862-3368
Attorney for Applicants:

DON F. PICKETT ESQ
1659 S 600 W
OAKLEY ID 83346

Tele# 862-3327, Fax # 862-3651
Protestants:

DWAYNE B. & SHARON K. HARRISON
972S 150 E
BURLEY ID 83318

Tele# 678-2941

BiL.L POULTON
977 S150E
BURLEY ID 83318

Tele# 678-0011

.~Intervenor.;

DOUBLE C FARMS
C/O CORY KING
203 E 11008
BURLEY ID 83318

Legal Counsel for Intervenor:

LAIRD B. STONE

STEPHAN KVANVIG STONE & TRAINOR
PO BOX 83

TWIN FALLS ID 83303-0083

Tele # 733-2722
Fax # 733-3619

MICROFILMED
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CONFERENCE AND HEARING PROCEDURE

-

APPLICATION FOR PERMIT ISSUES .

Section 42-203 A, Idaho Code, requires the department to consider the following issues in connection with an application for permit:
1. Will the proposed appropriation injure other water rights?
2. Is the water supply sufficient for the purpose for which it is sought 10 be appropriated?
3. Was the application made in good faith or for delay or speculative purposes?
4. Does the applicant have sufficient financial resources with which to complete the proposed project?

5. Is the proposed appropriation in the local public interest, which is defined as the affairs of the people in the area directly affected by the
proposed use?

6. Is the proposed use contrary to conservation of water resources within the state of Idaho?

BURDEN OF PROOF

The applicant has the initial burden of proof for issues 1, 2, 3, 4, and 6 above and must provide evidence for the department to evaluate these
criteria. The initial burden of proof on issue § above lies with both the appiicant and protestant as to factors of which they are most
knowledgeable and cognizant. The applicant has the ultimate burden of persuasion, however, for this issue.

PROCEDURE
The department generally conducts an informal conference with the parties to determine the issues and to try to settle a protested matter before
a hearing is scheduled. If a hearing is held the department will issue a written decision based on the hearing record.

CONFERENCE

The purpose of a pre-hearing conference is to provide the opportunity for the parties and the department to familiarize themselves with a
contested matter and 1o attempt to resoive the matter. At the conference, the department may also formulate and simplify the issues, identify
documents to avoid unnecessary proof, exchenge proposed exhibits or prepared testimony, limit witnesses, discuss settlement or make settlement
offers, schedule hearings, establish procedure at hearing and address other matters that may expedite orderly conduct and disposition of the
proceeding or its settlement. The department may issue a “pre-conference statement order™ which requires response to the inquiries.

HEARING

The department will tape record the hearing. Copies of a hearing tape are available upon request and the payment of the cost of reproducing
the tape. The hearing likely will be conducted by a hearing officer appointed by the Director rather than by the Director himself. If so, the
hearing officer will prepare a recommendead order for the Director’s consideration. Parties can file exceptions to a recommended order, briefs
in support of the exceptions or may request oral argument. Parties may seek judicial review of any final order issued by the Director, Parties
may by written stipulation waive the right to a recommended order, particulacly when & shortened decision process is desirable or necessary.
Such & waiver does not eliminate any rights of the parties in connection with the final order of the Director and judicial review of the order.

EXHIBITS
A party who plans to offer an exhibit as part of the hearing record must provide a copy of the proposed exhibit to the parties and to the hearing
officer. As part of the conference a date may be set by which exchange of exhibits and witness lists must occur.

EFFECT OF FAIL TO APPEAR AT A CONFERENCE OR HEARING

Failure to appear at the time and place set for a conference or hearing by the applicant or protestant(s) may aliow the department to dismiss
without prejudice the protest(s) or the application, Any and all cost incurred by reason of such non-appearance may be assessed against such
non-appearing party.

AMERICANS WITH DISABILITIES ACT

Any hearing scheduled will be conducted in a facility which meets the accessibility requirements of the Americans with Disabilities Act. If you
require special accormmodations in order to attend, participate in or understand the hearing, please advise the department within (10) days prior
to the hearing.



BEFORE THE DEPARTMENT OF WATER RESOURCES OF THE
STATE OF IDAHO

IN THE MATTER OF APPLICATION
FOR PERMIT NO. 45-13430 NOTICE OF HEARING
AND
Oakley Stake, Church of Jesus Christ of Latter Day PRE-HEARING ORDER
Saints,
Applicant
SQURCE: groundwater

Dwayne & Sharon Harrison, Bill Poulton,
Protestants

Double C Farms, COUNTY: Cassia

Intervenor

On January 24, 2002 Oakley ID Stake, Church of Jesus Christ of Latter Day Saints (applicant) filed with the
Department of Water Resources an application to appropriate the public waters of the State of Idaho. The
Department has received protests against the approval of said application from the above captioned
protestants. In addition, a Petition to Intervene was received on April 9, 2002 on behalf of Lambert Produce,
Inc. An Order Granting the Petition to Intervene was issued on April 24, 2002. The Pre-hearing Conference
held on December 27, 2002 did not resolve the protest issue,

THEREFORE, The Department has scheduled the matter for hearing on Tuesday - March 4, 2003
commencing at 10:00 a.m. in the Conference Room, Minidoka Ranger District Building, 3650 South
Overland Avenue; Burley, ID.

The hearing will be held in accordance with provisions of chapters 2 and 17, Title 42 and Chapter 52, Title
67, Idaho Code, the adopted Rules of Procedure of the Department and Water Appropriation Rules 40 and
45. A copy of the rules may be obtained from the department upon request. The presiding officer at the
hearing will be Glen Saxton.

If you plan to offer exhibits for the record, note that IDAPA Rule of Procedure 37.01.01606 requires that you
provide a copy of exhibits to each party and to the presiding officer.

The hearing will be conducted in a facility which meets the accessibiiity requirements of the Americans With
Disabilities Act.

If you require special accommodations in order to attend, participate in or understand the hearing, please
advise the department within ten (10) days prior to the hearing.

All parties to the matter will have the opporiunity to respond and present information and argument on all
issues involved.

IT IS HEREBY ORDERED, pursuant to Rule of Procedure 37.01.01510 (Rule of Procedure 510) that
each party will mail to L. Glen Saxton, the hearing officer, at idaho Department of Water Resources, PO

Box 83720; Boise ID 83706 and_to the other parties of record on or before February 18, 2003 the
following information as prescribed below:
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1) A list of witnesses, including expert witnesses the party will call or rely on.
2) Copies of documents and proposed exhibits the party may offer at hearing.
3) The parties shall request any subpoenas the party wishes the Director to issue.

4) The parties shall exchange a brief statement of the substance of testimony from each witness
and shall provide a copy to the hearing officer.

5) The parties shall determine which exhibits will be admitted without objection and shall so
advise the hearing officer in writing.

The applicant shall pre-mark all proposed documents or exhibits with sequential numbers beginning with
“01". The protestant shall pre-mark all proposed documents or exhibits with sequential letters beginning

with “A”. For contested cases with multiple protestants, each protestant shall precede the letter with their
initial. (For example: John Doe's first exhibit or document shall be pre-marked “JD-A”).

Failure to comply with this Pre-Hearing Order is cause for the hearing officer to issue a Notice of
Proposed Default to dismiss a party’s pleading as provided in IDAPA 37.01.01700 (Rule of Procedure
700).

All parties to the matter will have the op

esp
issues involved. i :

portunity to respond and present information and ar

ol

~ " Allen D. Merritt
Southern Region Manager

gument on all

Dated this 16th day of January, 2003.
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CERTIFICATE OF MAILING

| hereby certify that on the 16" day of January, 2003 a true and correct copy of the foregoing Notice of
Hearing and Pre-Hearing Order was forwarded with all required charges prepared, by the method

indicated to the parties listed:

W. GARY WHITELEY PRES
LDS CHURCH - OAKLEY STAKE
340 W MAIN ST

OAKLEY ID 83346

DON F. PICKETT ESQ
1659 S 600 W
OAKLEY ID 83346

DWAYNE B. & SHARON K. HARRISON
972S 150 E
BURLEY ID 83318

BILL POULTON
977 S150 E
BURLEY ID 83318

DOUBLE C FARMS
C/O CORY KING
203E 1100 S
BURLEY ID 83318

LAIRD B. STONE

STEPHAN KVANVIG STONE & TRAINOR
PO BOX 83

TWIN FALLS 1D 83303-0083

Hand delivered
U.S. Mail-Regular
U.S. Mail-Certified
Fax

Hand delivered
U.8. Mail-Regular
U.S. Mail-Certified
Fax

Hand delivered
U.S. Mail-Regular
U.S. Mail-Certified
Fax

Hand delivered
.8, Mail-Regular
U.S. Mail-Certified
Fax

Hand delivered
U.S. Mail-Regular
U.S. Mail-Certified
Fax

Hand delivered
U.S. Mail-Regular
U.S. Mail-Certified
Fax

Dy & B lbner’

Mary A.. Baldwin
Notice of Hearing & Pre-Hearing Order, 45-13430 Page 3
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Ad/15/2002 B8:46 2A87363A37
ED RECEIVED -
: REC :zmz JAN 3 200
JAN 15 Dopaimant o Water Rascorces o
e Dopartment of Welar Resoirses SomemBaghn,  1cor, o, 15 = 13430
| SomemRIT  STATE OF IDAHO

DEPARTMENT OF WATER RESOURCES

APPLICATION FOR PERMIT

RECEIVED

To appropriate the publl waters of the Stats of Idahe

1. Name of Applicant AV = [

Mailing address __ T340~ W. MAIN ST. OaHh:u;

IDE!HD

FL3 70003
LATTE # O3y § AINES |

Phone = S3&Pparment of Water Bescurces

QEB4E

2. Source of water supply (RO WATER.

whtch is o tributary of

3. Location of point of diversion is Township [2 Range 23 E Sec._ 56

L Cassia

AL/A
Jinthe NE %,
Gaunty,

SE %, Govt, Lat . B.M

additionai points of diversion i any:

4. ‘Water will ba used for the following purpesas:

Amount 0.0 EFE for. X purposes from ﬂ‘a.gJ_m_Mj_ {both dates inciusive)
{cfa or zera-feet por annm) D AT s

Amount for purposes from ] {beth dates Inclusive)
{¢F5 or acre-foet per annum}

Ampunt for purposes from to (both dates inclusive)
(cf5 or acre-fast per BNAum) .

Asnount for purposes from _ to_ {both dates inciusive)
{cfa of acre-taet per annym)

Amount for _ purpeses from to {both dates inclusive)
{¢fs or fore-foat per annum}

Amaunt . fer purposes from to _ (both dates inclusive)

(efs or scre-faet | per annum)

0,02 CFS

cubic: feet per sacond

§. Total quantity 1o ve appropriated is {a) and/or (B)

€. Praposed diverting works:

a. Describa type and size of devices used to divert water from the source _ £ | FCTRI &

acre faat per annum

MEOTPe  AND

Dumb

b. Helght of storage dam faet, active reservolr capacily

acre-faet; total

reservoir cagacity
c. Proposed well diameter is

acre-feat

7] 4 4
é inches; oroposag depth of well is g@ -'“,@ feet

d. I8 ground water with & temperaturs of greater han 85°F being scught? Nop

9. Ifwalh w aireudy drilied, when? ; Drilling firm

Waell was drilled for (well owner)

~f

8. Description of proposed uses (i infgation oniy, go ta item O
@ Hydropower; show total faet of head and proposad capacity in k.

__: Drilling Permit No.
. Time reqiired for completion of works and Application of water lo proposed bansficial use is i years (minimum 1 year)

Stockwatering; list number and kind of livestock,

Municipal; show name of municipality,

b
C
d. Domestic, shaw number of households,
& Other; describe fully.

SitounT R

a K,Lﬂtcu\]

oy
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o5 -/F# IO

3. Description of place of usa:
a. If watar is for irigation, indicate acreage in each subdivision in the tabulation balaw,

b If water is usad for other purposes, pla¢e a symboi of tha use (example: D for Domastic) in the comespanding placa of use
below. See insiructons for standard symbols.

TWP | RGE | SEC NE NW SwW SE TOTALS

HE NW aw i NE Lid aw %6 NE Lied W aE MR Nw W B5E
(2S 2BE: 36

lotal number of acres to be irigated

(0. Describa any other water rights used for the sams purposes as described above.

11. 2. Who owns the property at tha point of diversion? Qi 4 £ty T STRHLE s CHrn OF JeSus Ch resr pi-Lamin Loys S@tars
b. Who awns the land 0 be irfigated or place of use? _ S dm e a5 dBOVE
¢ !f the property is owned by @ persen other than the applicant, describe tha arrangemant enabling the applicant {a make
this filing: _M_&ag)Luﬁ;ﬂ:—; £y is the Stave Dresipenst 0F Dok 2y EaboStaks

12. Ramarks:

13. MAP OF PROPOSED PROJECT REQUIRED - Attach an 814"x11" map clearly ldentitying the proposed paint of diversion,
place of use, section #, township & range. (A photocony of a USGS 7.5 minute topographic quadrangle map is preferrad,)

BE T KNOWN that the undarsigned harsby makes this application for parmit to appropriate the public waters of

the State of 1dako as herein set forth.
M&, Stake. s .

Slgnature pfAnplicant (ard titlaﬁdﬁ?ﬁaabm

Jecaived by \.T F Data 72 5‘%}1 & Time Praliminayy ¢chack by _ e ,C ’ /
‘ee$_JUe. 00 Receipted by _ T F, 1350A Date _ Jaid /O .
*ublication prepared by Indd Date 3:[4& B Publizhed in Bl

Jubiication approved Date

-

M,Cﬁca'nl_;\n [

AT T m
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IDAHQ DEPARTMENT OF WATER RESCURCES
Water Right Report 464202

WATER RIGHT NUMBER: 45-4202 R E C E I V E D
Mme Namo ang Address FEB 72 2~
Original Owner CHURCH OF JESUS CHRIST OF LATTER DAY SAINTS St
OAKLEY STAKE D 1 .
PO BOX 83 artment of Water 3
AP 5 D Resouroe:
Currant Owner CHURCH OF JESUS CHRIST OF LATTER DAY SAINTS
REAL ESTATE DIVISION
TWELFTH FLOOR
50 E N TEMPLE ST
SALT LAKE CiTY, UT 84150-0012
{801) 240-3840
Priority Date:  07/01/1968
Basis: Decreed
Status: Active
Sourgo Tributary
SPRING SINKS
Bonaofigial se From __ Tg Diversion Rate Annual Volume
DOMESTIC 5/ to B30 0.020 CFS
Tota Divergign: 0.020 CF8
Logation of Point(s) of Diversion
SPRING SE1/4SE1/4 Sec. 36, Twp 125, Rge 23E, B.M.
CASSIA County
Piace of Use
DOMESTIC

Twp Rge Sec | NE | NwW } sW | SE |
}N.Elﬂﬂlﬁﬂlﬁﬁllﬂﬁlﬂﬂlﬁﬂl%%ﬁlﬂiﬁﬂliﬁ%ﬂﬁlﬂﬂlﬁﬂl%ﬁ% Totals
|

128 23E 36
I I I I

Conditions ¢! Approyal;
1. NOG THE QUANTITY OF WATER UNDER THIS RIGHT SHALL NOT EXCEED 2,500 GALLONS PER DAY,
2. N1l THE QUANTITY OF WATER DECREED FOR THIS WATER RIGHT IS NOT A DETERMINATION OF
HISTORICAL BENEFICIAL USE.

Ramarks:
1. Explanatory PARCEL NO. 12523E360000 PROPERTY ALSO KNOWN AS OAKLEY VALLEY FARM

Department of Water Resources
APPLICANT'S

Exhibit 2
. 23

T g mm
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Page 2 04/15/2002
IDAHQ DEFARTMENT OF WATER RESOURCES
Water Right Report 45-4202
Comments:

4. DSMITH 3/29/1995 DATAENTRY
Comment: CONFORMED CHURCH ADDRESS, DMS

Dates ang Othar Infgrmation:

Licensad Date:
Decreed Date:  7/24/1998
Water Supply Bank Enrollment Acceptad:
water Supply Bank Enroliment Removed:
Enlargement Use Pricrity Date:
Entargement Statuta Priority Date:
Formal Action Date:
State or Federal: S
Ownar Name Connector:  OR
Water District Number:
Genaiic Max Rate Por Acre:
Ganeric Max Volume Per Acre:
Decrae Defendant:
Decrae Plaintift:
Civil Case Number:
Judiclal District:

. Bwan Falis Trust or Nontrust:
Swan Fatls Dismissad:
DLE Act Number:
Carey Act Numbar:
Mitigation Plar: False
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Oakley Stake Recreation Camp

Utilization
Dates available for use. April 1 through October 31
Heavy use periods June 1 through August 31
Number of weeks used per year : 16
Estimated maximum number of users on a given day 250

There are only a few days out of the year that use would have the potential
of being this high, mainly during periods of time scheduled for boys or girls
camps. These camps routinely last for three days during any given week.
There have been four to six such camps per year over the last five years.
Other periods of use are limited to family reunions or other family or church
groups of approximately 30 to 60 users, some of which are over night users,
others are day time only.

Normalily, the facility is not used on Sundays, and if so, it is granted only by
special permission of Church leaders.

The facility is normally occupied all but a few days ,including Sundays during
the months of June , July, and the first two weeks in August.

When school starts back in late summer, the use is limited to weekends for
the most part.

I T S
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ENGINEERING

PLLC

Hydraulis
_.._‘—
Hydrology -
Water Résources

CHARUES E.
Brocrway,
Fu.D., P.E

CHARLES G.
Brocxway,
Pr.D., RE.

2016 NORTH
W ASHINGTON

STREET * SUTE4 |

Twmn FavLs;
IpaHo 83301

208+73698543

pax: 7368506

July 11, 2002

President W. Gary Whiteley

Oakley Idaho Stake

Church of Jesus Christ of Latter Day Saints
P.O. Box 211

Qakley, ID 83346

Subject: Water Supply for Church Ranch-Oakley Stake LDS Church

Dear President Whiteley:

As pei' you request, ] have evaluated the water requirements for the proposed
Church Ranch development and evaluated the potential hydrologic impact of
development of a ground water supply for the facility.

I made a site visit on May 24, 2002 at which time the plan for additional
development, potential well site, and use of the facility were reviewed with
Stake officials and yourself. In addition, the spring diversion and pipeline
diverting under water right 45- 4202 was reviewed.

My understanding is that the proposed facility would include the construction
of shower facilities north of Willow Creek and upgrade of the cabin to include
a new kitchen and sleeping and community room and bathroom facilities. A

proposed well site north ofjgllow Creek was also reviewed.

The application for permit 47-13430 which was filed by the Oakley Idaho
Stake, Church of Jesus Christ of Latter Day Saints requests diversion of 0.02
cfs of groundwater for domestic purposes including services for a kitchen,
shower and restroom facilities and potable supply for camping areas. No
annual volume is requested on the application; however, under the criteria for
a domestic use, organizational camps similar to this proposed facility would
likely be included. Our experience with water permits for camping areas;
such as the Boy Scouts of America camp at Camp Bradley indicate that the
13,000 gpd (A part of 1.C.§ 42-111 ) would apply.

A water requiremerit analysis utilizing guidelines provided by IDWR for
various types of facilities was performed based on occupancy data, which you
provided. Iassumed that the average hourly stay was 12 hours. Your data
indicated that the average daily attendance during the camping season was
approximately 51 persons per day with no attendance on Sunday. IDWR
guidelines indicate that the average per person water use per day is
approximately 30 gallons pet day (gpd) for a facility with a kitchen, showers
and potable water requirement. This equates to approximately 1,543 gallons
per day water requirement on an average day. A reasonable expectation fora
maximum day usage would be approximately double the average day or 3.0
" Deparime

FAI(.J"'; I,
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1

gallons per day. Based on a 120 day operating season the average annual
water volume usage would be 0.568 acre feet per year.

Average daily discharge based on 1543 gpd for 24 hours for the facility is
approximately 1.1 gallons per minute. Assuming that there are eight (8)
shower stalls, 8 latrines, and kitchen facilities operating during the peak
morning hours, the estimated maximum discharge for the system would be
less than 50 gpm.

A well to replace the current spring water supply would likely be located on
land north of Willow Creek. As I indicated in our site visit, in order to be
exempt from the GWUIT (Ground Water Under the Influence of Surface
Water) rule under the Clean Water Act, the location of the well will have to be
500 feet or greater from the stream. [ believe a well site meeting these critena
cdn be found on the property north of Willow Creek. This water system will
be classified as transient, non-community public water system according to
' DEQ personnel (Brian Reed DEQ, Twin Falls) and will be under the
jurisdiction of the South Central Health District (SCHD). This classification
reijuires a dedicated 50 ft minimum radius lot and setbacks of 100 feet from
any septic tank/drain field system. The well will have to have an approved
engineering design with minimum 50 ft cased sanitary surface seal. There is
little geologic data for the area and no driller’s logs in the immediate vicinity
to define the expected litho logy or strata, which may be encountered during
drilling of the well. However, ] am reasonably confident that a well with
adequate discharge capacity can be developed. If not, a small reservoir to
provide peak flows would be required. Chlorination of the well water supply
is not currently requited unless sampling indicates a contamination problem.
However, if the Ground Water Rule (EPA) changes in the future, this could
become a requirement. I would recommend that consideration be given in the
design of the well and pump house to provide space for future chlorination if
needed.

Willow Creek is a deeply incised stream, which flows at or near the bedrock
surface in the vicinity of the Church Ranch. No data on the relationship of the
stream water level with adjacent aquifer water levels is available. However,
based on the relative gradient of the stream and the topography adjacent to the
stream, any ground water pumped from deeper strata and not consumptively
used will return to Willow Creck. Therefore, the net depletion from the total
resource is equal to the consumptive use of the facility. Published data
indicate that the consumptive use from in-house use of potable water systems
is less than 10 percent of the diverted volume. Most of the water used for
drinking, bathing, and culinary purposes is returned to the system (aquifer or

MIGA.
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stream). Since water from the proposed well will not be used consumptively
for irrigation, it can be expected that the net depletion of the resource from the
proposed project will be minimal.

Based on the steep gradient, shallow alluvium, and incised nature of the
stream, any water pumped but not consumptively used will return to Willow
Creck within a short distance downstream of the facility. Because the
extraction from the aquifer by the proposed weli will be from deeper straia,
not immediately hydraulically connected to the stream, it is likely that there
will be a net benefit to the flow in Willow Creek during operation of the well,
In.other words, water from the well not consumptively used will add to the
flow of Willow Creek while the water extracted from the deeper aquifer will
not influence the stream flow.

Assuming the average daily pumped volume is 1,543 gallons per day, that the
well extraction impacts Willow Creek by 100 percent, and the consumptive
use is 10 percent of the pumped water, the maximum potential impact on
Willow Creek is 154 gallons per day.

I am aware of no data, which document the magnitude of flows in Willow
Creek, but it is reported to be a perennial stream and water rights on the

stream indicate that the flows can be substantial. In any case, if there is any
negative impact on Willow Creek it will not be measurable. Tt is most likely
that a positive benefit to Willow Creek flow will occur.

A historical and current benefit to the flow in Willow Creek occurs because of
the importation of water from the spring soutce in the adjacent watershed
under water right 45-4202, these water rights allows 0.02 cfs (9 gpm) with a
daily volume of 2,500 gallons. My understanding is that the pipeline from the
spring to the Church Ranch area has been measured at a minimum of 600
gallons per day and normally flows considerably in excess of this rate. To the
extent this imported spring water is not used consumptively (i.e. irrigation)
but flows into Willow Creek, the minimum flow will more than mitigate for
any potential impact of the new well on flows in Willow Creek.

Tn summary, I do not believe there will be any significant impacts to Willow
Creek flows by development of the well as applied for under the application
45313430. If there is any negative impact on the stream, it is more than offset
by imported spring water under water right 45-4202. An adequate well to
supply the anticipated flow and volume should be developable; however the
required well depth cannot be determined. It may be necessary to provide
some storage to provide peak daily flow rates. Adequate land to provide the
required setbacks from the stream and septic tank/drain field facilities appears

LY [T
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to be available. A well site plan and engincered well construction plan will be
required since this system will qualify as a public water system.

1 believe this report addresses the topics, which we discussed. However,
please call me if there is additional information needed. Brockway
Engineering can provide engineering services to assist your Church in
developing required plans for the well and system and in negotiating with
agencies as required.

Sincerely,

Charlcs E. Brockwaﬁ-?.E.,PhD.
Enclosures: Water Requircments Worksheets

MG
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LDS Church Oakley Stake- Church Ranch

Estimate of Water Requirements

Based on IDWR guidelines.
* Type of Facility
Picnic (camping) areas

~ with bathhouses, showers, flush toilets

Resorts, day and night, with limited plumbing

Estimate Church Camp

Avg daily water requirement/person
Average apnual use

Avg number of persons per day
Peak day/average day muitipiier
Avg daily water requirernent

Average daily flow

Peak daity flow({average for 24 hrs)

Estimated peak hourly flow req't

Avg volume req't daily
weekly
monthiy
annual

Water Right Permit Application
Estimated ' Discharge

Volume

MG

20 gpd/person
50 gpd/persan

- 30 gpd/person
120 days :
51.4 persons/day
2.0
1542.2 gal/day.
206.3 cu ft/day
0.0047 afiday
1.07 gpm
2.14 gpm
50 gpm
0.0047 af/iday
0.0331 afiweek
0.1439 af/month

- 0.5682 Bffyear —

0.02 cfs
8.98 gpm
13,000 gpd (domestic}
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ABSTRACT

Cassia County lies in the extreme south central part of Idaho, bordering Utah
and Nevada. In this report about 2,000 square miles of the eastern part of the
county are described,

The area js almost wholly in the Great Basin section of the Basin Range physio-
graphic province, but its northern part extends into the Snake River Plains section
of the Columbia Plateau Province. It is therefore a region characterized by isolated
ranges (in parl partially dissected bloelt mountains) tising above aggraded desert
plains. Toward the north the ranges end by plunging beneath the 3nalce River
Plains, consisting of a young lava plain or plateau.

Within the district there are five mountain ranges, South Mountain, Albion
Range, Malta Range, Black Pine Range, and the Sublett Range. Most of them
rise abruptly from vast alluvial plains and are in a youthful te mature stage of
dissection. Several bear distinct fault searps which produced their blocl paltern.
The Albion Range is the highest and rises to about 10,451 feet A.T. or to more
than 5,000 feet above the alluvial plain at its northwestern base. The others are
from 1,000 to 2,500 feet lower. These ranges bear witness of an interesting physio-
graphic history and carry the remains of old erosion surfaces which may be corre-
Tated with the Spowdrift, Gannett, Ellc Valley, Dry Forlt, and Blackfoot surfaces
described by G. R. Mansfield in southeastern Idaho. In addition, the Albion Range
Lears evidence of two stages of Pleistocene glaciation, the carly considerably older
and far more exténsive than the younger. The Albien Range has also the further
distiietion of containing the interesting “Cassia Gity of Rocks,” a small area of
weirdly carved monoliths, spires, pinnacltes and castellated forms in granitic rock
in the heart of the Range, Less than half the area is mountainous. The two major
basins are known as the Raft River Valley and the Goose Creelr Valley., The
climate of the region is semi-arid, with an average rainfall of less than 11 inches.

The rocks of the region comprise sedimentary beds of Proterozoic, Cambrian,
Mississippian, Pennsylvanian, Permian, Upper Miccere (?), and Quaternary age,
granitic rocks probably intruded in late Cretaceous or early Eocene time, flows of
quartz latite and locally basalt intercalated in and lying above the tuffs and other
strata of Upper Miocene (?) age, and flows of Snale River basalt of Quaternary age.

The Proterozoic strata are especially interesting, for they comprise a thick series
of marine sediments, formerly mainly clean sandstones along with some limestone
and shale beds, now entirely reerystallized and changed to vitreous guartzite,
micaceous guartzite, marble, mica schist, and sillimanite schist. This series of
rocks is new to the state and is evidently of pre-Beltian age. Te it is piven the
name, Harrison series. The strata fall naturally into three lithologic units with
a combined thielness of more than 9,000 feet. The lowest unit is the thickest and
is composed of more than 6,000 feet of massive, evenly bedded white, generally
fire-grained, vitreous quartzite, with occasional somewhat micaceous layers and
thin beds of schist, the middle division consists of marbles, white quartzites, and
schists, and the upper division is made up of white vitreous quartzite much like
the lower.

The Cambrian beds are yuartzites and limestones, bui these have a very
restricted distribution. The Mississippian series is represented by the Brazer
formation only, which here consists of more than 2,000 feet of massive limeslones
with considerable sandstone and carbonaceous shale. The Pennsylvanian consists
of the Wells formation of about 3,000 feet of cherly limestones and sandstones, and
the Pl;armian of the Phosphoria formation, of which the Rex chert is a conspicuous
member.

There is no evidence of further sedimentation until Upper Miocene (7) times,
when beds of gravel, sand, clay, marl, and voleanic ash were deposited. In the
upper part of this series are intercalated flows of lava, mainly latites, with lava
also capping the series. This series is correlated with the Payette formation in
southwestern Idaho and alsa with the Salt Lalke [ormation in southeastern Idaho.
Quaternary deposits are widespread and inelude the vast alluvial fan deposits of
the aggraded desert basins, terrace or beach deposits of old Lake Bonneville, placial
geposi_ts of two distinct stages, loess deposits, hillside wash, and recent altuvial

eposits.
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The intrusive granitic rocks oceur enly in the Albion Range and South Meun-
tain, and have in the main the composition of granodiorite, except at the margins
of the stocks and the small batholith where there is reversal of the usual zoning and
instead of being more basie, the marginal zone has the compositian of granite,
much of it porphyritic and gneissic. Pegmatites are abundant about the margins
of some parts of the stocks and batholith. Weathering of the granitic rock in the
main batholith in the southern end of the Albion Range has produced the strange
“City of Roeks.” The process invelved has been largely one of granular disintegra-
tion, the result of hiydration coupled with case-hardening or surface induration and
other lactors.

The Upper Miocene (7) lavas have the composition of quartz latites and quartz-
tridytnite latites. Differences in the flows are physical rather than chemical.
Most flows have a thick basal zone of black porphyritic glass (feldspar vitrthyre),
a central zone of pinkish or bluish-gray porphyritic aphanitic rock, and a t in top
zone of black plass similar to that at ihe hase. Basalt, locally intercalated in the
series, is an olivine-rich variety in which the alteration of olivine to iddingsite has
given the rock a faint reddish or purplish cast. The younger Snake River basalt
is also an olivine-bearing basalt.

The highly metamorphosed state of the Harrison series suggests Proterozoic
deformation in the region prior even to the deposilion of the Beltian strata, for in
localities nearest Cassia County the Beit series shows no such metamorphism as
the Harrison. The most notable epoch of defermation occurred, however, at the
close of the Cretaceous period during the Laramide revolution when the Carbonifer-
aus and older strata were complexly folded by great tangential compressive stresses
acting from a westerly direction, and then sliced by great low-angled overthrust
faults similar in every way 1o the well known overthrusts in southeastern Idaho.
As a consequence the strata have been thrown into northerly and northwesterly
trending synelinoria and anticlinoria, mainly overturned to the east, and the older
rocks have been brought over the younger by the great overthrusts. 1t is because
of this thrusting that the Proterozoic strata have heen brought to view in the
Albion Range, where they now rest on Carboniferous strata, This fault has been
given the name of the Albion overthrust, is similar in all respefts to the Bannock
overthrust in southeastern 1daho, and prohably represents a westward extension
of the same general faulting. Following the great compression relaxational stresses
were set up and the over-deformed mass was restored to a eondition of equilibrium
by normal [aulting. Late in the deformative period, whieh probably extended also
into the early Tertiary, came intrusion of a granitic magma and the development
of the Cassia batholith and its outliers. :

Erosion followed the building of the Laramide mountain system and continued
in Cassia County more or less uninterruptedly to the Miocene, by ‘which time the
surface had been reduced to a peneplain. Uplilt near the middle of the Miocene
or earlier, perhaps sugmented Ly faulting, caused the erosion of deep, wide valleys,
which were later filled with lacustrine and fluviatile deposits of Upper Miacene {1)
age, and finally more completely buried by great showers of volcanie ash and flows
of latitic lava. The further record, to rather late in the Pliocene, is not readily
deciphered, but apparently uplift oceurred near the end of the epoch and erosion
again reduced the surface to peneplanation before its close.

The next most conspicuous epoch of deformation is that wnich followed the
late Pliocene planation and took place early in the Pleistocene when the earlier
strata and structures were broken Ly great normal faults of northerly trend so

characteristic of the Great Basin couniry and which have set off several of the ranges
into their present tilted blocl outline, The Basin Range structure was thus super-
posed on the earlier structures. Movement along the fault planes apparently
recurred until within comparatively recent times, as is evidenced from the youth-
fulness of the fault scarps and the partial destruction of several Pleistocene erosion
surfaces. In the eastern part of the district the late block or normal faulting is not
so pronounced and Lhere remains evidence of a Pliocene erosion surface (Gannett),
as well as of three Pleistocene eycles of erosion (Elk Valley, Dry Fork, and Black-
foot), each inaugurated by regional uplift.

After the early Pleistocene faulting had ceased, or had largely ceased, there
eame deformation of a different kind—the Snalke River downwarp. Fault block

GEOLOGY AND MINERAL RESQURCES OF EASTERN CASSIA COUNTY ix

and other ranges alike end against the present Snake River Plaing i
beneath its surt:ace, reappearing again in somewhat changed furmi?r‘:]i:.hlgs;rlski:tglillllg
gi:iéll']?aﬁ(l)gt;l]asiﬁe :f dthtzlit grelai:tjllepresssiﬂn[i The subsidence apparently reopened
. s and through these issue 5 d : R ]

whlg‘]} pgrtt]y anes, tht(alvast ﬁepressed bal;in.great floods of the Snake River basalt
. (ilaciation occurre in the Pleistocene, apparently before and alter the in:
tion of the Blackioot cycle of erosion. During the earlier epoch mucl?ecnlfntdltlegg;;;t
iuge of the Afbion Range was covered by glaciers from its crest to its buse. The

asin between it and South Mountain was also filled and {rom it tongues extended
comé)letely agl:OSS Lhe cslcmr.'h ]end of the Albion Range, ¢

re was discovered in the district about 1880, but the pro i as
small. Mineral deposits oceur in both the Albion Range ghéllé{l‘stéuﬁirfi? II)’??IZ
E?pge,_ the former in the Stolkes district and the latter in the Black Pine district
This distribution is genetic as well as geographic, as shown by the character and
age of the mineralization. Deposits in the Stokes district oceur dominantly as
fissure veins in the pre-Cambrian strata and belong to the quartz-galena gmuy of
mesothermal character, These are centered more or less closely about a stucllz of
granitic rock, a small outlier of the Cassia batholith, and are obviously related
geneticaily to the late Cretaceous or early Kocene period of magmatic activity
In addition to a daminant quartz-galena filling, the veins countain inconsequentiui
:ggzgi}irgﬂschgcopyntef tetr‘:}hedrite, sphalerite, and pyrite. ‘The galena is
. ‘Some ear roducti E i ores

argentiferous, Some sha{lo}'\:v, uction was obtained [rom the oxidized ores, hut

Unlike the deposits in the Stokes district, those in tl ack Pi
. i s he Black | "
irregular replacements of limestone and have as their chief metalts\si{)\irgs aorfsuzlin‘i:s
This group clearly belongs to the epithermal base-metal type and has for its essential
minerals variable amounts of sphalerite, tetrahedrite (freibergite), jamesonite, and
accessory pyrite, cinnabar and realgar, associated with a quartz and locally barite
an(_i calcite, gangue. There are no igneous rocks in the vicinitfr of these deposits
but from the character of the deposits, including the nature of the mineralization
and the similarity to epithermal base metal deposits elsewhere in the State and
surrounding states, it ia believed that the ores are genetically related to a younger
'(Ir‘ﬁrzt‘légy epoch of metallization, particularly to intrusive granites of late Mivcene
Other mineral resources in the district are building stones o ious ki
some of which have been gti]ized, {inestone and murbﬁa, quartzitfe V?r;lf:-l:xtlil:l!:sﬁ'
mica, feldspar, clay, cyanite, and road metal, Water resources and ;;hos]_)l‘mté
possibilities are not discussed herein. Another resource not yet ulilized is the
scenic attraction of the “‘Cassia City of Bocks.” This unique area is surely worth
of development and deserves recognition as a National Monument, Y
Among the more notable contributions > st i
are g e T T oo, ns made as a result of the study of this

1. Recognition of a thick series of marine Proterozoic st i

: i rita of pre-Beltia
age whlch opens & new chapter in the geologic history of the State I:aml \ihliéa
contributes additional data to the pre-Cambrian history of the West.

2. Discovery of great low-angle overthrust faults simils
) : - y milar to those farther east
in the Rocky Mountain province. Their occurrence serves to extend the typical
Rocky Mountain structures much farther west than heretofore was supposed

3. Recognition that the Basin Range faultin pe i

) ¢ of the bloclk or normal type

superposed on the Rocky Mountair structures and that this faulting is in ngpwalysr
related to the earlier epoch of deformation.

4. Determination that the Basin Range faulting withi i i

4 \ g within the area is muinly earl

gl:s:is;oﬂane.e’l‘}us suggests rt;h;;t plerhaps much of the normal faulting witﬁfin trhS(:
a ange province is of similar age and therefore much ;

mid-Tertiary age usually assigned. younger than Lhe

5. Confirmation of the Snake River Plains area as a reat synelinal d
or downwarp whose basin has been partly filled with Snglce Rie'rrer basalt.epis;’emot;
the subsidence, based on the relation of the downwarp to involved Basin Range
faults and to early Pleistocene erosion surfaces, is determined as mainly or probabl
wholly Pleistocene so far as Cassia County is eoncerned. Y
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6. Correlation of the Tertiary sedimentary and voleanic strata with the Upper
Miocene Payette formation in the southwestern part of the State and also with the
Qalt Lake formation in the southeast part, which in the past has been tengatlve!y
assigned to the Pliocene. This correlation, based on stratigraphic succession and
tracing of the formation from one area to the ot.h‘er, malkes the Payette and Salt
Lake equivalent formations and both of Upper Miocene age.

7. Recognition of the erosion surfaces so admirably interpreted and described
by G. R. Mansfield in southeastern Idaho as extending also into the south part of
the State.

. 8. Recognition of two stages of Pleistocene glaciation within the district, the
eartier much older and {ar more extensive than the younger (late Wisconsin).

9. Discavery that granilic intrusion [oll‘owe:d the overthrusting ascribed to the
Laramide revolution, which adds _to the likkelihood that the ILdaho batholith, of
which the Cassia hathelith is considered an outlier, is also late Cretaceous or early
Eocene and nol jate Jurassic or early Cretaceous, as has been recently suggested.

10. Establishment of two epochs of metallization within the disirict, the older
characterized by mesothermal quartz-galena veins and genetically related to the
Jate Cretaceous or early Tertiary magmas; the younger characterized bybeplthermal
base metal replacements of limestone with sphalerite, tetrahedrite, jamesonite,
cinnabar, and realgar, quartz, ealcite and barite as the distinguishing minerals and
supposedly retated to Tertiary intrusives of later age not exposed at the surface.

i1. Description of the *Cassia City of Rocks” and aseribing its origin to deep
granular disintegration of granitic rock induced mainly by hydration and zided by
conditions of aridity favorable Lo casehardening or surface induration of the dis-
integrated rock and by favorable structures within the granite, together with its
physical setting in the heart of the Albion Range.

12. Discovery of the Phogphoria formation (Permian) which may prove to be
of economic significance. :

18. Recognition of changes in the character of the Brazer formation (Upper
Mississippian) which suggest increasing approach to the weslt.ern shore of the
Carboniferous sea.

14. Petrographic deseriptions of the granitic rocks, the Tertiary quartz latites
and basalt, and the Snake River hasalt. .

15. Description of the geography of 4 region never before described and the
assignment ol names to two major mountain ranges, .

THE GEOLOGY AND MINERAL RESOURCES
OF EASTERN CASSIA COUNTY, IDAHO

By ALFRED [.. ANDERSON

INTRQDRUCTION

PURPOSE ANI} SCOPE OF TIHE INVESTIGATION

As a result of revived interest in mining in ldaho during the past
decade, attention was naturally directed to Cassia County as a possible
new field for development. The region seemed to offer atlractive
inducements, for it was known that some lead, zine, and silver ores
had been shipped from the district since 1880 and that other mineral
resources existed. As most of the County had never received geological
investigation, little or no geologic information was available and this
factor served to increase general curiosity and brought urgent requests
for a survey of its resources. In response to these requests the writer
was detailed by the Tdaho Bureau of Mines and Geology to obtain and
make available such information as pertains to its general geology and
its mineral resources.

Because only one field season could be devoted to the investigalion,
the geologic mapping and study of nearly 2,000 square miles of virgin
territory of necessity had to be of broad reconnaissance nature. Special
consideration was given, however, to the mineralization in the Stokes
mining district in the Albion Range and to the mineralization in the
Black Pine district in the Black Pine Range. Special study was given
the non-metallic resources, such as building stone, limestone, marble,
and others. The widespread distribution of the Phosphoria formation,
which in southeastern Idaho contains valuable beds of phosphale, was
definitely recognized, but there wasno time to study the (ormation in
the detail that is desirable, and it was not ascertained whether the
Phosphoria formation contains phosphatic shales in this region or not.

Inasmuch as most of Cassia County has been a large blank on the
geologic map of the State, every effort was made to fill this gap. A
thick series of pre-Cambrian strata was recognized and mapped with
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as much detail as possible, but time did not permit its separation into
several distinctive lithologic units. Some Cambrian strata were also
recognized, but these form only a very small part of' the map area.
Carboniferous sedimentary rocks are also widespread, and the Missis-
sippian series (Brazer formation) was distinguished and mapped sepa-
rately from the others, but it was not feasible to differentiate between
the Pennsylvanian series (Wells formation) and the Permian series
(Phosphoria formation) on the geologic map. Tertiary strata (Payette
or Salt Take formation) are widespread but are so intimately inter-
calated with and so extensively capped by latiticlavas that they cannot
be adequately represented on the map. As nearly half of the area is
concealed by Quaternary deposils, the mapping of an area of such size
was greatly simplified. Intrusive granitic bodies, supposed outliers of
the Idaho batholith, were also distinguished, as well as vast floods of
younger acidic lavas whose relations to the Tertiary strata have already
been mentioned. These lavas cover large areas, and, because of their
general simple structure, were readily mapped. Only one other forma-
tion was distinguished--namely, flows of Snake River hasalt.

Special studies were made of the geologic structure of the district.
It was thought that much additional data might be obtained on the
Rocky Mountain structure so typically represented in southeastern
Idaho and also that its relation to the typical structute of the Great
Basin country might be definitely established. Special effort therefore
was made to discover evidence of the great low-an gled overthrusts and
the relation of these to the fault block ranges which were suspected to
exist in the region. Several of such great overthrusts were found and
likewise much evidence of faulting so characteristic of the Great Basin
country. It was also found possible to date the Great Basin structures
with greater precision than heretofore has been possible. In addition,
further information was obtained on the Snake River downwarp and
in particular its relation to the previous structures.

Physiographic features were given consideration and a complicated
topographic history was deciphered. 1t was thought that study of
this region might afford a better understanding of the physical his-
tory of the State, concerning which there has long been so much con-
troversy. Special attenlion was given the “Cassia City of Rocks,”
a comparatively unknown spot of weirdly carved monoliths, spires,
pinnacles, etc., whose forms were known to be sculptured in massive
granite but whose origin was an unsolved problem.

Stratigraphic problems were anticipated and effort was made espe-
cially to correlate the supposed Tertiary strata with the Payette
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formation of southwest Idaho and with the Salt Lake formation in the
southeastern part of the State. Attempt was then made to determine
the stratigraphic relations of these two known formations to one an-
other. The pre-Cambrian strata were studied, especially with the idea
that the sedimentation here recorded might aid in a beiter understand-
ing of Proterozoic paleogeography in the general region. Curiously, the
pre-Cambrian strata proved to be pre-Beltian and were recognized as
new to the State.

1t is within the scope of this report to treat the essential features of
the geology and mineralization and to make such interprelations and
conclusions as the facts obtained seem to justify. The district holds
a strategic position and the key to the solution of several obscure
geologic problems.

FIELD WORK

Field work started in the district on June 15, 1930, and continued
with only minorinterruption because of inclement weather until August
27, 1930. Progress was rapid, for between June 20 and August 10 the
writer was assisted by Mr. D. C. Livingston, who rendered valuable
service in preparing a topographic sketch map of the district and in
aiding with geological mapping. This left the writer free to devote his
entire time-to an investigation of the mineral resources, to the study
and interpretation of physiographic, struetural, and stratigraphic prob-
lems, and to geological mapping.

T.ack of a suitable base map was a serious handicap to geological
mapping and prevented any work other than reconnaissance. TForest
maps with topography were available for part of the area and were
most useful, but most of the district had only township plats made by
the Ceneral Land Office and surveyed as early as 1872, Most of these
were wholly unsatisfactory as a base for geologic work. Some of the
township plats had been resurveyed during the past two decades and
these were of considerable value. Preparation of a suitable base map
for the geology was therefore necessary, and this duty kept Mr. Living-
ston busy for most of the summer. Unfortunately, geclogic mapping
had to be done before the completion of the base map and it was neces-
sary to use any available map to record geology. Fortunately, timber
maps of the forest divisions were especially accurate and these covered
the most critical areas in the district.

Control for the topographic sketeh map was from points established
during the old Wheeler survey, but it was soon discovered that the
jatitude and longitude of these points had been incorrectly given and
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that the points were more than half a mile from their correct position.
Most of the mapping was then done from gection and township corners
by intersection on desired points and their elevations were obtained by
caleulation from vertical angles or from harometric readings.

ACKNOWLEDGMENTS

The writer is especially indebted to Mr. D. C. Livingston for his
services in the field. His topographic sketeh map clearly outlines the
major physiographic features and gives strong clue to much of the
gtructure. Mr. Livingston was assisted in this work by Mr. Carroll
Livingston. Acknowledgment. is also due Mr. Leslie R. Vance, a gradu-
ate of the School of Mines, who assisted the writer in his studies of the
geology and mineral resources. :

Others in the distriet have also contributed to the work, and the
writer especially wishes to convey his gratitude to Mr. W. J. Burridge,
President of the Silver Hills Mining Company. Appreciation is also
extended the forest supervisor of the Minidoka MNational Forest at
Burley, Idaho, who so kindly furnished maps and directions to pros-
pects and watering places.

The writer also wishes to express his gratitude to Dr. E. 5. Bastin
of the University of Chicago, who so kindly read the section of the
report dealing with the economic geology; to Dr. R.T. Chamberlin,
also of Lhe University of Chicago, for his helpful suggestions pertaining
to the section on structural geology: and to Dr. J. H. Bretz, of the
University of Chicago, who gave his time to the reading of the sections
describing the physiography of the region. The writer 1s also greatly
indebted to Dr. G. F. Loughlin of the U.5. Geological Survey, who read
the section dealing with the pre-Cambrian stratigraphy and who offered
some very valuable suggestions.

PREVIOUS CEOLOGIC WORK

Previous information on the district is confined to a single brief
report by Larsen,’ who described the occurrence of cinnabar in the
Black Pine district on the eastern slope of the Black Pine Range. He
also mentioned the presence of nearby deposits containing zine, sitver,
and copper, or silver, lead, and zine,

Some work, mainly of a reconnaissance nature, has been done in
adjoining areas, and this work affords some clue to the geology within

1 Livingston, D. G., Tungsten, cinnabar, melybdenum, and tin depasits of ldaha: Univ. of 1daho
School of Mines Bull, 2, Vel 14, 1919, with a chapter by ¥. 5. Larsen, U.3. Geological Survey, on the

accurrence of cinnabar near Black Pine, ldaho, pp. 65-67.
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the district. Lignite beds' have been described in the Goose Creek
Basin in the western part of the County, and a survey was made of the
water resources? in the same region. Reconnaissance sludies have also
been made in the adjoining counties® on the east, and also in Lhe Snake
River Plains area* on the north. The adjoining region in Utah® has
also been briefly treated.

]913| Bowen, €. F., Coal and lignite in Boise and Cussia counties, Idahe: 1.8, Geol. Survey Bull, §31-H,
z Piper, A. M., Geology and water resources of the Goose Creck Basin, Cassia County, Idabe: Idahe
Bureau of Mines and Geology Bull. 6, 1923,

4 Piper, A. M., Possibilitics of petrolewm in Power and Onedia Counties: Idaho Bureau of Mines and
Geology Pamphlet 12, 1924,
Bull.ill!){sisi‘:;]é"a.l' C., Geology and water sesources of the Snake River I'lains of Idahoe: U.S. Geaol. Survey

5 Butler, B. 8., Loughlin, G. F., Heikes, V. C., and oth Tl re deposits uf Utah: 3. Geol. 8 s
Prof. Bapet TI1 16207 H ers, The ore depesits u ah: U8, Geol. Burvey
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GEOGRAPHY

LOCATION

The area under investigation lies wholly within Cassia County near
the extreme south central part of Idaho bordering the State of Utah
(Figure 1). 1t is bordered on the east by Power and Oneida counties,
on the north by parts of Power, Blaine, and Minidoka counties. On
the west the line separating R. 21 E. from R. 22 E., Boise meridian,
was taken as the boundary. Asoutlined, the district lies mainly hetween
42° 00" and 42° 40" north latitude and between 113° 00’ and 113° 50
west longitude.

TOPOGCRAPHY
PHYSIOGRAPIHIC SETTING

Eastern Cassia County lies mostly in the Great Basin section of the
Basin and Range provinee! and is characterized by isolated ranges (in
part partially dissected block mountains) rising above aggraded desert
plains. Its northern part, however, merges abruptly with the Snake
River Plains section of the Columbia Plateau province, whose charae-
teristic feature is that of a young lava plain or plateau.

Most of the ranges are elongated in a northerly direction and those
that reach the Snake River Plains section end by plunging beneath the
lava-floored plateau. Most of them rise abruptly above vast alluvial
plains and are in a youthful to mature stage of dissection. Several of
the ranges still bear distinct physiographic evidence of the faults that
produced their tilted block outlines. The larger intervening desert
basins cpen to the Snake River Plains and are not sharply defined
from it.

MOUNTAINS

There are five mountain ranges in the area, three of them of major
magnitude. Of the five, two have never been officially named, and cne
of these is the largest range in the district, and perhaps the highest in
Idaho south of the Snake River Plains. Three of the ranges lie near the
west border of the district and two along the east side. Those on the
west include South Mountain, Albion Range, and Malta Range, named
in order from west to east. These are parallel, closely grouped ranges
and are separated by only minor alluvium-floored basins. The names
assigned to the Albion and Malta ranges are new. Those on the east

1 Fenneman, N. M., Physiegraphic divisions of the United Stales: Annals of the Assn, of Amer. Geog.,
Vol. XVIII, No. 4, 1928.
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side of the County are the Black Pine ange and the Sublett Range,
named frem south to north. Foothills, or the lower northern lank of
the Raft Niver Range, extend inte the southern part of the district.
This range, valile the i hers, is a domed aplift with its axial hne at
right angles (o the clongation of the other ranges.

Vost of the ranges exhibit notable dillerences among themselves,
especially in the characrer of (heir dissection, determined mainty by the
nature of The rocks which compose them. These iflerences can be
presented only throuch individuad deseription. Opder of presentation
i< ol haseld o vhe size ol the ranges ner en thedr relative importancee,
hut 1o their order from west Lo cist s isted above,

SOUTED MOUNTAIN

South Mountain, also known as Middbe Mountain, is @ northerly
extending prong of the Goose Creck Mountsins of northwestern Utiah
and northenstern Nevadao Tt eads south of Oakley about 12 miles
from the Stade e, This mountuin has @ pronounced tilied-block
appearanee with its erest or axis very pear ils custern margin (see topo-
graphic sketel maph Its slope to the east 1s steep ov ahrupt. and
resembles a little-eraded fault searyp. fts slope Lo the west is longer
ancd mueh more gradual, approximat ing an angle of about 18° Streams
on its western slope have earved relatively shallow valleys, streams on
the east side are Tew and have cnused Nt le migration of the drainage
divide. A compratively low depression extends dingonally across the
runge Lo the northwest and divides at into two sections, one offsel
slighthy from the other The crest of the two sections 18 angular and
Attuins an elevation above 8000 feel AT or newly 2,000 feel above
the floor of the nanrow basin which separutes it from the Alblon Range’
These out~landing chiunctess are well represented on the topographic
i

Severnl vallevs have heen earved in he steep easlward facing searp
el these hove the chartctoristic appenranee of glacinted valleyvs
(Plate 1A Sach wides shadow, U-shaped valieys are eharacteristic
of onlv this range and the Albion and ot River ranges. The hasin
which sepurades Sonth Monntain from the Albion Range atso hus the
appearance of clneinted troaeb, Lane, much-eroded patches of
moraine al the momths of many of the Usshaped valleys confirm the
glacial origin of these allovs,

ALBLON RANGT

The Alhion Hange is probahly the most fposiig range in Idaho
couth of the Snadee River Plains, Tt s 06 miles long. extending into
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Tdaho from Utab, and ends at the noeth by plunging beneatt the Snake
River Plains, 1t rises (o a maximum elevation of aboul LOASE Feel AT
or more than 5,000 feet above the plains al its base. But in spite ol its
size and prominence it has never received an ollicial nane, having heen
mentioned andv in conmeetion with its two highest parts. Mount Jhom-
son and Cache Pealk.  Decause the TLE Forest Service has designated
this purt of the Minidoka National Forest as ihe Albion Mountan
division, it is here proposed that the term, Albio, he adopted to desig-
nate the entire range.

The Albion Bange is sharply set off from ihie parallel ringes on
euch side, although not widely separated [rom cither. 11 rises more
or less steeply anl on its western and northwestern sides presentsa hold,
even front, ittle indented by the steep vallexs ol Hanks. taat ol
Oukley the range swings in o graduat curve to the northenst. s cast-
ern side is less regular and s intervupted by three basinhike cmbay-
ments, named respectively rom north to south the Albion, the i,
and the Almo Dasins. A1 (hese embayments there s a very noticeable
pareowing of the range, giving the runge the uppearance of two Birond
domes.  The most southerty dome culminates in Ciche Peak at 10,451
feet AT, s width there is about 10 miles. The broad dome Lo the
north culminates in Mount Harrison at an elevation of about 5200 feel
ACE s distance across is ahoul 12 miles,

The summit of the range 15 not sharp as in the other ranges i the
distriet. but is broad and notably flat or level. This chweler is sug-
gested from o diztance by the evenness of the sky-line and i= strdkingly
confirmed from the summit itsell. Its surface is very gently rolimg,
as illustrated in Plate £, B and is covered with a deep mantle rock.
Its gentleness of surface is quite vut of harmony with the steep Ninks
of Lthe range und it has every appeiarance ol an “old ond” surlace,
uplifted and subsequently scarcely allected hy erosion,  'This surtace
is exceptionally well retained about Mount Harrison, whaere i lies ot
an elevation between 8,000 and 8,500 feet AT, or from 504 Lo 8GO foet
helow 1he highest crest of the range. The Bighest erest ilsell enrries
amother similar surfiee ol about two square miles whose appearanee
stpgests the remnant of a sl more ancient surfaee (Plade T A0, but
it is very likely a detached part of the other surface brought to il
present elevalion as o result of eonparatively reeent normal laoiting.
Fven more of the main sumnil crosion surficee remains about Ciiche
Peak and, us shown in Plate TE B, Torms a distinel broied terraee on
both sides of ihe peak. Thix surface extends for nearly live miles south
and west of the peak tor hehind the penk as shown in the pleturel.
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Cache DPeak is apparenily @ monadnock on this surfiee. 'The erosion
surface may correspond with the Snowdrift peneplain of pre-Middle
Miocene age deseribed by Mansiicld® across some of the higher ridges
i the mountiins in southeastern Yo, As will be explaiued later, the
old erosion sarfzace in the Albien Range may be an exinuned surface
from which U pper Miocene strata hive heen =t ripped ofl by erosion.
Another streiking chiraeter of the range = its notable lack of ilis-
soetion except by shallow  Usshaped valleys with uniformly steep
pradients Qiie 1A Piate T B, amdd topogeaphie mapr. Phese broad
shallow valleys lie mainiy on the east side of the range and especially
on the slopes which ilescend 1o the three basins,  Thewr torm is strongly
sugpestive ol gluemd action, particularly as the valleys are remarkably
straight and some of them, at their meuths, hive miner surface irregu-
larities suggestive of old muoraines, Additional eriteria of glacial origin
are alforded near the south endd of the range near Almo, where the
U-shaped vidleys extend directly across the range as illustrated in
Plate LA, and have their beads m the basin which lies belween
Sauth Mouniain and the Albion Range. These vallevs are not occupied
by streams except for what water s colleeted within the range.  The
topographic relations stronply sugpesl thul the basin between the two
ranges was onee o center for ice aceumulation from  which glaciers
moved eastward seross the Albion Range and northward up the basin
and over [he low divide into Birch Creels drainage. The glacial stamp
in this part of the ringe is espécialty well shown on the topographic map,
I o few places the charaeteristic smooth slopes of the range have
been sculptured into sharper lines and the higher parts given o more
alpine appesranee. This work 1s obwiously the product of a younger
stage of glaciation, much less extensive thin the one (hat carved the
long U-shaped valieys. The development of high eirques is the most
outstanding feature of thiz glaeintion. Aount Harrison hewrs sueh
a cirque on it northenst side, as ustrated in Plate 3, A, and in the
Noor of the cirque nestles benutiful Pake Tovelaud (Place TLE By The
foor of the cirgue is not mieh below the fevel of the ulil erosion surfice,
A cirque on the southeast side of §flarrison s much deeper but much
less perlect.  Cache Peak has also been seulptured by mountam gla-
ciore. O its north side is o Lorge cirque inowhich Tie five small lukes,
known loesdly as tondependenee Lakes. These are at an clevation of
X500 feet AT Cuche Peak has also been mueh steepened on aLs
coulheust, side where the descent s nearly vertical for 3,000 feel.
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the development of landslides. This land movement has largely
destroyed the carlier glacial forms.

4

BLACK PINE RANGE

The Black Pine Range is in the southeast corner of Cassia County
and, like the Malta Range, does not extend outside the district. It is
isolated from all other ranges and rises steeply from broad piedmont
alluvial slopes and irregular pediments or bordering rock floors to a
maximum elevation of 9,700 feet A.'T". near its central part, or 3,800 feet
or more above its base. From a distance it appears as if composed of
three segmented masses as shown in Plate IV, A, with the two end seg-
ments plunging in opposite directions to the level of the surrounding
alluvial plain. lts southern end lies approximately at the Utah line
and its other end about 17 miles to the north. The range is wider than
- most in proportien to its length, having a maximum width of nine
miles. Its plan is not elliptical, as its domical profile might suggest,
but it is mainly bounded by straight lines. Its north end appears as
though it had been sliced obliquely and this feature destroys what
would otherwise have been a rectangularly blocked ranpge (see topo-
graphic sketeh map).

Unlike the Albion Range, the Black Pine has been deeply dissected
into a stage of early maturity, and the valleys, instead of being wide and
shallow, are narrow and steep, as shown in Plate IV, B. Summits com-
prise narrow ridges of irregular profile, bounded by exceedingly steep
slopes. Dissection has not been simple, but the erosional ‘eycele has been
several times interrupted by uplift during which youthiul valleys have
been carved in the floors of the older valleys. The present valleys are
extremely youthful and have steep sides several hundred feet high. It
is probable that this young stage of dissection corresponds to the late
Blackfoot cycle, described by Mansfield,! in the mountains of south-
eastern Idaho. Above the present stream valleys lie the remnants of
older broad and shallow valleys in the Black Pine Canyon region in the
southern end of the range, these more than a mile wide. This earlier
stage of erosion may correspond to the Dry Fork Cycle in the moun-
tains of southeastern Idaho, also deseribed by Mansfield. Above this
surface the slopes rise very steeply, but still older surfaces are not suffi-
ciently well preserved to admit their interpretation and correlation,

Features of glacial origin near the summit of the range have not
been well preserved, for the floors of the high glacial troughs have been

1 Prol. Paper 162, op. cit,, 1o 17,
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largely destroyed by subsequent valley cutting. From the position and
character of outwash on the northeast flank of the range it is probable
that two epochs of glacial erosion are recorded, Uhe earlier at an cleva-
tion of 500 feet and the younger 200 feet above the presenl valley
bottoms.

Shore features of ancient Lake Bonneville are well displayed along
the lower eastern and southeastern slope of the range. These constitute
a series of two or three excellently preserved beach terraces. 1t is
interesting to note that, had Lake Bonneville not found outlet else-
where, a 50-foot increase in the lake level would have caused it to spill
over Kelton Pass at the south end of the range into Raft River Valley.

SUBLETT RANGE

" About half of the Sublett Range is in northeastern Cassia County
and the remainder in Power and Oneida counties. 1t, too, is an isolated
range, much longer and broader than the Black Pine, and rises steeply,
except on the north, above aggraded desert plains and minor bordering
rock floors or pediments, but with slopes and borders less regular than
in the other ranges. It ends on the north by plunging gently beneath
the Snake River Plains. By reason of its gradual descent several of
its higher parts have been detached or isolated from the main range
and rise as islands along its northwestern porder. Summit levels are
lower than in nearby ranges and the highest. seldom exceed 7,600 feet
AT. The mountain, therefore, loses the range-like aspect of its neigh-
bors and appears nore as & broad and maturely dissected low upland
or plateau, Its paltern is complex and consists largely of parallel
ridges, trending northwestward, and Jocally northeastward, separated
by steep narrow valleys. Drainage lines and ridge patterns are ob-
viously greatly influenced by the character and struetural trends of
the underlying strata.

This plateau-like area has been deeply dissected and everywhere has
steep slopes. Its erosional history is complicated but much more easily
interpreted than the stages recorded in the development of the Black
Pine Range. At least four cycles of erosion are recorded on the ridge
tops and in the present valleys (Plate V). These probably are to be
correlated with the Gannett, Elk Valley, Dry Fork, and Blackfoot
cycles interpreted and described by Mansfield! in the mountains farther
east. The earliest represents a widespread erosion surface in late stages
of maturity or early old age now preserved on the narrow crests of the

1 Pref. Paper 152, op. cit., pp. 1219,
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highest ridges in the range. Below are ridge crests that record the floors
of broad and relatively shallow valleys, produced probably during the
Elk Valley cycle. Again, below the terraces and uplands of the Elk
Valley surface and above the present stream valleys, lies a group of
high-level valleys or terraces ascribed to the Dry Fork cycle. This
surface lies from 300 to 500 feet below the next highest surface and in
most places about 300 feet above the bottoms of the present stream
valleys. The rejuvenation of the region by uplift at the close of the
Dry Fork cycle enabled the streams to cut their present sharp-featured
canyons in their valley [loors. These valleys are narrow, wilth sides so
steep that landslides are conspicuous features and in parts of some
valleys, as along upper Lake Fork, have caused serious abstruction to
dralnage. None of the surfaces have been affected by glaciation and
it seems probable that the range, because of its relatively low elevation,
escaped glacialion almost entirely.

RAFT RIVER RANGE

Raft River Range is mainly outside the distriet in Utah, but as part
of its northern slope lies within the south margin of the district, and as
its structural features aid in solving some of the structural problems
within Cassia County, it will be given brief description, This range
differs from the others in that it is a partially dissected anticlinal uplift
or domed range with its axis trending from east to west at right angles
to the elongation of the other ranges. Its eastern end is south of Black
Pine Range and is separated from it by the low, wide Kelton Pass. Its
west end appears Lo merge with the Grouse Creek or Goose Creek
Mountains, Most of its northern flank appears as a dip slope of moder-
ate steepness, considerably modified by erosion. {ts summit appears
notably broad and flat and attains an elevation greater than the highest
point in the Black Pine Range, General surface features are much the
same as those in the Albion Range and South Mountain and the slopes
have many broad shallow valleys and ridges with broad gently rounded
crests. Piedmont alluvial slopes exiend some distance up its flanks.

DBABINS AND PLAINS

RAFT RIVER VALLEY

Raft River Valley forms a vast agpraded alluvial plain from 10 to
15 miles wide, enclosed by the Black Pine and Sublett ranges on the
east, Raft River Range on the south, Malta Range on the west, and
open to the Snake River Plains on the north. Its origin is entirely

IDAHO BUREAT OF MINES AND GEOLOGY Butrenn 14, Prate 1V

A, BLACK PINE RANGE
Shows the three-segment character of the Blick Pine Range, with the soulliern end (rightl) plunging Lo the
level of the desert plain.  T'ha centzal part rises ta 9,700 feet AT, The deep neleh between the iniddle and
right segment cutlines the course of the Kelsaw Tault, that op the Jeft side wn overthrust fautt.  Picture
also shows Lhe soulhern end of Lhe Itaft River Valtey, with its monotonous flatuess of surface and charue-
teristic vegetatinn.  Distance across Lo the Dlack Pine Iange is cleven miles.

B, DETAILS IN THE BLACK PINE RANGE
Shows the east side of the middle segment, with its deep, steep valleys and sharp ridges, quite unlike the
wide, shallow valleys and wide intervening ridge taps of the Albien Range. In the foregroumd are the
exhumed trizangular (aects of a normal fault. Pole Canynn ToHows the faull from the lelt, bul in the center
of the view turns o at right angles. Saddle oullining Lhe fault continues ahead. The rocks belong Lo the
Wells formation. Note absence of oulerops on these exceedingly stecp slopes. The Wells invariably
gives smooth stopes,
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structural and not erosional, but its floer has been raised to its present

level by the waste from the flanking ranges and in its northern part by

flows of Snake River basalt. In places at the base of the Rlack Pine

and Sublett ranges the alluvial plain joing narrow irregular rock floors

r : or pediments. From its lower or central parts the alluvial plain rises

. at first almost imperceptibly and then more steeply far up the flanks
of the ranges. In places a difference in elevation of more than 1,000 feet
is shown between the edge and the center of the basin. The intervening
slopes represent broad alluvial fans, which coalesce into a hwroad pied-
mont alluvial plain. 'The appearance of this wide valley is well pictured
in Plate [V, A, Laken near the south end of the valley, weross to the
Black Pine Range 11 miles distant.

In three places the Raft River Valley is sepurated from other Lusins
by low divides, litile higher than its own margin. One of Lhese reen-
trunt basins hies between the Black Pine Range and the Sublett and
joins with the broad basin east of the Black Pine Range.  Aunother low
basin or reentrant lies between the Black Pine Range and the Raft
River Range. This low, wide divide is known as Kelton Pass, and

This view in the Lake Fork drabne i ” rus'Ufl-llfnﬂ-l'lu-w-(:ljng., Wf disseetion of Lhe Sublett Range. descends gradually on the other side to Curlew Valley north of Salt
“his view in the Lake Fork drabntge areq shows Lhe, i vitneed st

T e etre nre recorded (ha eycles respimsihle for its dissection: Uie Ganntd ersioy surface (g) un the . Lake. Another lies south of the Malta Range, but differs from the

highest ridges; the Elk Valley () hilow; the Dry Fork (d) at a st.é\! lower levid; and the steep valleys nf
the Blackfont eyele thi ‘Uhe Gannett surface is probably late Plivcene in

gv, the others Fleistocene. others in that it is not so much a divide as a pass from a higher level
X aurfnees are varved in rocks Liclenging 10 the Wells and Phosphoria [oranations, Naote the N . .
These surfaces are ! hasin (Almo Basin) to a lower level basin.

absenee of outerops.

GOOSE CREEK VALLEY

Goose Creek as it enters Idaho from Utah and Nevada flows through
a narrow valley or canyon, but at the reservoir about three miles south
of Oakley the valley opens into a wide aggraded plain that spreads fan-
like to the north and eventually merges with the Snake River Plains
not far south of Burley. At Qalkley the valley plain is about five miles
wide, and where it probably merges with the Snake River Plains it has
a width of 12 to 15 miles. Its surface is more level than that of Raft
River Valley, mainly because ils origin is more largely duc to obstructed
drainage induced by flows or floods of Snake Rliver hasalt. Bordering
piedmont alluvial slopes are much less conspicuous than about the
Raft River Valley.

SNAKE RIVER PLAINS

The S8nake River Plains is the dominant physical feature of southern
Idaho. 1t is essentially a vast young lava plain or plateau, which
stretehies as an are concave Lo the north across the south part of the
Siate from Wyoming to Oregon, a distance of 400 miles, and which

. m . ST S S RANGE
L VIRW OF THE NOWTI END OF T SUBLETT i

e he picture wis laken records the Dry Fork c_:,'clc.
of Lhe Dlacklnot eyele fuil to show. At higher
1k Valley () and Gannett {g) surlaces.

The wide valley surface (di al Lhe level Trom which £
Picture was so Laken thal the stecp, narraw culyons Lo
levels may 1w wbservad Whe ek tercnces corsesponding Lo the I
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forms a surface from 50 to nearly 125 miles wide. Ag will be discussed
in greater detail in another section, the lava plain represents a partial
filling of a great downwarp or geosyncline, called by Kirkham! the
gpake River Downwarp- Iis surface is generally featureless, except for
occasional low lava domes. This plain crosses the northern end of the
district, and, as mentioned earlier, covers the downwarped ends of the
Albion, Malta, and Sublett ranges. The boundary separating the Plain
from the Raft River and the Goase Creek basins is difficult to define
and must be arbitrary. A line connecting the ends of the ranges prob-
ably is as good as any other that might be selected.

DRAINAGE

All the drainage, except that from the east and southeast glope of
the Black Pine Range, is northward and eventually runs into the Snake
River either in surface streams or underground. Raft River and Goose
Creek are the two main tributaries of Snake River in this part of the
State, but at present only Raft River carries surface water the entire
distance Lo the Snake. Waters in Goose Creek have been entirely
diverted for irrigation in the Goose Creek Valley.

Raft River pursues an interesting course through the district. Ome
of its main headward branches, Junction Creek, has jts source in the
basin between South Mountain and the Albion Range, where, joined
by Cottonwood Creelk, it flows southward along the basin and enters
the South Fork of Raft River about four miles from the State line in
Utah. From there Raft River swings to the east and erosses Lhe Albion
Range, and, on the other side, turns to the northeast into Almo Basin.
It is there joined by several tributaries from the east slope of the Albion
Range and also several from the north slope of the Raft River Range.
Here it again turns to the east and flows through a narrow valley
across the southern end of the Malta Range into the main Raft River
Valley. Its courseis then Northward to Snake River, and, for most of
the distance, it is nearer the western side of that great valley than the
eastern. Several mmies northeast of Idahome, however, it has been

deflected around the edge of a Snake River basalt flow to the east
margin of the wide valley and continues along the edge of the flow to
the Snake River. Near the center of Raft River Valley it is joined by
Cassia Creek, one of its principal tributaries, and in the upper end of
the Valley by Clear Creek. The latter drains the north slope of the
Raft River Range, whereas Cassia Creek with its numerous headward

| Kiekham, V. R Do, A genlogic reconnaissance of Clark and Jeferson and party of Butte, Custer,

Fremont, Lembi, and Madisun counties, Tdaho: 1dahoe Bureau of Mines ah
pp. B-14, 24-25; also Snake River Downwarp, Sour, Geology, Vel 39, 1931, pp- 456-482.

1 Geclogy Pamphlct 19, 1927,
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;ﬂgug;gg:lesh riges [;n the slope of the Albion Range bordering Ilba Basin
and I{iverosr:lle;".eatly across the middle part of the Malta Range to
" (_;10005|e Creek has mpst of its'tributaries outside of the district.
irch reek, also rising in the basin between South Mountain and the
élb:on Range, flows northwestward and joins Goose Creel not far from
Rak]ey. 1t has numerous tributaries from the west slope of the Albion
ange as well as several smaller ones from the east slope of Soutl
Mountain. Although streams are relatively abundant along th(; W t
slope of the Albion Range to the north, all of them soon disa )eare'tJ t
the edge of the alluvial plain before reaching Goose Creek. (‘11)111'i0us‘ll
enough, Goose Creek is also turned to the northeast in the Jn()rtherﬁ
part of Goose Crelek Valley by a flow of Snake River basalt and its
former channe} joins the Snake River at Burley. L
The Albion Range is well watered and most of its valleys carry
}Jermanent streams at 1ea_st to the base of the mountain. Several of the
arger ones alrea_dy mentioned actually have sufficient volume to carr
them to Raft River or Goose Creek. It is not feasible to tnen‘ti(); uﬁ
the _stljean.ls, b.ut Marsh Creek and its tributaries, which supply water
for }rrlgatlon in Albion Basin, are worthy of description. This syster
drains the northeast slope of the Albion Range, flows northeast throu TE
the center of Albion Basin, and then, unlike Raft River or Cassia ("re:k
does not continue across the Malta Range but turns northward;lon ’
the west.base of the range to the Snake River Plains. On reachin thi
Snake River Plains it swings sharply to the west along the outer edg f
the Snake River basalt and enters the Snake River west of Declo we

. Malta Ra}nge has no permanent streams and few springs. The Black
Pine Rangg is similar. The latter is thoroughly dissected by canyons
but only E:ght Mile Canyon, Six Mile Canyon, and Kelsaw Czuclygn 01{
the west sui-e of the range carry water, and only Sweetzer Canyon on the
northeast side. None of these streams extend far from the base of the
range. Some of the other canyons with intermittent streams have
ngmes: although dry for most of ithe year. Most notable of these are
Rice Canyon, Formation Canyon, and Black Pine Canyon on the south

end of the range, and Mineral Guleh, I :
, , Bast D : and P
Canyon on the east side. 1y Canyon, and Pele

Drainage of the Subleit Range is mainly by intermittent streams
Sublett Creek, with its tributary, Lake Fork, is the largest stream in'
the range and carries a large volume of water throughout the year
South Heglar Canyon, North Heglar Canyon, and Calder Creek repre:
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sent the main drainage systems in the north end of the range, but these
carry no water at present except at their very heads.

CASSIA CITY OF ROCKS

Frosiona) forms of extraordinary inlerest have been carved in gran-
ite in the southern part of the Albion Range west of Almo. These are
enclosed in a large basin excavated in the core of the rdange and are
entirely hidden {rom view on the west by the high quartzite flank of the
range and partly hidden from the east by a row of hogback ridges.

Within the basin the rock eity is unfolded in all its silent splendor.
Tt is the site of 2 maze of weirdly carved forms scattered aimlessly about
the basin, but more closely grouped near ils upper weslern margin. The
forms are distributed over an area of about nine square miles or a dis-
tance of nearly six miles from north to south. Their distribution is not
uniform, but resembles scattered villages or hamlets with more widely
scattered outlying forms between. One of the larger villages lies in Lhe
upper drainage of Johnson and Almo creeks, but the one with most
features of interest and at the same time most easily accessible, lies in
the upper drainage of Circle Creek along the road between Almo and
Oakley. Entry into the rock city is either from Qakley over the high
western rim of the basin, from Almo through valleys across the hoghack
ridge, or from the south end of the basin. '

Such features as [ound herein are probably no better displayed any-
where in the world, and probably surpass the curious Buffalo rocks! in
the Buffalo Mountains in Australia. These groups of ‘strange and
bizarre rocks are among Lthe most atiractive features of the region and
inspire a feeling of awe whenever seen. It is not easy to describe them.
No two groups or individuals are alike- —there is diversity in the indi-
viduals and in the character of the groups. The illustrations must be
closely examined and studied to appreciate the details in these curions
forms. Ceneral views of the groups and some of the individual memn-
bers are afforded in the itlustrations (Plate VI and following). Some
of the individuals appear as great domed monoliths rising high above
the floor of the basin (Plate VI, B). Others rise to lesser elevations and
offer greater detail and variety of forms. MNear the southern end a row
of glistening turrets and fortresses stretch across a low saddle keeping
guard of the road (Plate VII, A) and the city behind. Elsewhere rocks
project as towers and spires from 100 to 150 feet above the basin floor.
Some of the forms resemble miniature skyscrapers or bear marked

1 Dunn, B, 1. The Buffale Mountains: Vicloria Geal, Survey Memoir No. 6, 1908,
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resemblance to some of the interesting rock walls in the famous Zion
Canyon in Utah (Plate VII, B). Others resemble curious Oriental
mosques or temples (Plate VIII, A). Taken as a whole, one is reminded
of some strange {airy land.

Closer observation leads to the discovery of even more curious and
fantastic forms. Not the least of these are the groups of rocks and
individuals that have quaint resemblance to human forms or images
and to animals. Some of these appear as natural as though sculptured
by human hands. Most curious of these is the “Old Woman'" carved
in the granite ledge with her side to the wall, as so strikingly brought
out in Plate VIII, B. It requires little more imagination to see other
forms on the same rock, muech as in an ancient Grecian frieze. Other
forms have quaint resemblances to elephants, birds, dragons, chickens,
toadstools (Plate 1X, A), and have earned such names as “‘Old Hen
with Her Chicks,” “Dragons Head,” “Elephant Rock,” “Giant Toad-
stool,” and others. In addition there are pedestal rocks (Plate 1X, B),
natural bridges, caves, bathtub rocks (Plate XI1I, I3), hollow boulders
(Plate XIII, A), and other weird and grotesque forms (Plate X1 and
Plate X11). Additional features and forms will be pointed out later in
the section where the origin of this fantastic eity is discussed. .

The rock city is easily accessible and not far from the main line o
travel (Old Oregon Trail, U.8. Highway No. 30), yet it is scarcely
known to the people within the surrounding region and entirely un-
known to the world in general. It has vast possibilities as a national
playground and is surely worthy of consideration as a National Monu-
ment.

CLIMATE

"The aridity of the region is at once suggested from its inclusion
within the Basin and Range physiographic province. The mean annual
precipitation in the southern part of the County is about 10 inches and
in the northern part 11.58 inches. In places favored by higher relief
the total rises somewhat, but in parts of Ralt River Valley the preeipi-
tation is much less. Much of the precipitation comes in the winter
months in the form of snow and in the spring months as rain.  Summer
and autumn months are usually cloudless, but local conveetional
storms accompanied by torrential downpours are not atl all uncomnoen,
especially in midsummer. During 14 years the Minidoka Irrigation
Project in the northwestern part of the County has been favored on
an average with 238.6 clear days, 57.8 parlly cloudy days, and 68.8
cloudy days per year. Without irrigation the successful prowing of
crops generally has proved impossible.
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Recause of its altitude and aridity the daily range in temperature
is great at all seasons. During the summers the days are hot, but,
owing to the clear atmosphere, radiation is rapid and the nights are
cool, a daily range from 100°F. at mid-day to 50°F. at night being not
uncommon. During the winter the cold is moderately severe and varies
considerably with the altitude. Temperatures as low as —16°F. have
been recorded at Oakley and 0°F. is not unusual anywhere in the dis-
triet for short periods. Kven during the period of severe cold in winter,
daily temperature ranges of 30°F. are not uncommon. Killing frosts
rarely oceur between May 16 and October 15 in the areas adapted
to farming.

VEGEFTATION

The vegelation adapts itself closely to ihe climatic conditions, vary-
ing in character and quantity with exposure to sun and wind and with
the distribution of moisture and temperature. The moister bottoms
are covered with reeds, rushes, and wild grasses. The lower mountain
slopes and foothills together with the exposed upper slopes and drier
bottoms and broad basins are largely covered with sage brush, inter-
spersed with grasses and weeds that are utilized for grazing.

Arid though the region is, timber is not wholly absent. The lower
foothills are generally studed with juniper, which, though rarely exceed-
ing 15 feet in height, is valuable as a source of fence posts. On favorable
slopes of the upland where the precipitation exceeds the average, there
are thick stands of lodge pole pine, Douglas fir, spruce, and possibly
other conifers. Such patches of timber are seen mostly on the high
north slopes of the ranges and only rarely on the high eastern slopes.
From the south the Black Pine Range appears absolutely barren of tim-
ber, but from the north many small patches are seen on the steep slopes.
Forested slopes covering several square miles oceur on parts of the
Albion Range, but generally the patches are much smaller and end
against the sage brush with great abruptness. The Sublett has more
timber than the others and has supplied several small sawmills. Poles
are removed yearly from all the forested areas. Some protected basing
and ereek botlomns are choked with dense aspen growths. Some of the
rocky places in all higher parts of the district are covered with moun-
tain mahogany.

CULTURL

Burley, the county seat, with a population of approximately 5,000,
is the largest town. It isin the heart of the Minidoka Irrigation Project
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and is the trade center for a large surrounding area. Principal produce
of the Project are potatoes, sugar beets, red clover seed, alfalfa, beans,
grain, poultry, swine, sheep, and dairy cattle.

Albion, in the heart of Albion Basin, is a small agricultural com-
munity, whose principal asset is the State Normal School. Oualley 1s
also in the center of an irrigated tract in the Goose Creek Valley. lis
population is nearly 1,300, to which may be added about 800 more for
the population of the entire tract. Its agricultural products are essen-
tially the same as those of the Minidcka Project. Elba and Almo, each
in their respective basins on the east side of the Albion Range, are in
small irrigated tracts. Idahome in Raft River Valley is the terminus of
a branch railroad and its chief asset is a grain elevator. Malta, a small
community on Raft River hottoms, is a trade center for the middle
Raft River Valley. Strevell, Naf, and Stanrod are small communities
near the Utah line. Naf and Stanrod are in small farming tracts at the
base of the Raft River Range. Strevell has a wireless station and
landing field belonging to the air mail service, and in addition, a hotel.

Dry farming is practiced on the borders of the Subleit Range with
notable suecess along its west margin near Sublett post office and also
near the northwest part of the range in the youthful to submaturely
diseected, loess-covered high basin trenched by the lower Heglar can-
yons. Wheat is the only produce of the dry farm district.

The mountainous regions are practically uninhabited and serve as
grazing grounds or range lands for large flocks of sheep and large herds
of cattle. The Sublett and Black Pine ranges are especially given over
to the grazing of cattle, and it is probable that cattle are ncarly as

 mamerous in the Albion Range. Grazing of sheep and ecatile is one of

the most important industries in the district.

TRANSPORTATION

The Minidoka-Buhl branch of the Oregon Short Line (Union Pacific
system), which crosses the northwestern part of the district, supplies
the principal outlet for the region. From Burley a branch line extends
up-the Goose Creek Valley to Oakley. A second branch also extends
from Burley to Idahome in the lower end of the Raft River Valley.
All other towns, except Declo, are without direct rail connection. Declo
is on the Idahome branch.

An excellent system of county, state, and national roads makes
most parts of the district readily accessible. The Old Oregon Trail,
now the main arterial highway across southern Idaho, extends entirely
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across the northern end of the district and passes through Dec_lo gnd
Burley and the heart of the south side of the Minidoka ‘Irngatlon
Project. About three and one-half miles from the west margin of Raft
River Valley it is joined by the South or Ogden branch of the Old
Oregon Trail, which enlers the Raft River Valley over Kelton Pass and
extends its full length, passing through Strevell, Malta, and Idahome.
Oakley is joined to Burley, 27 miles distant, by a grafie_ed and graveled
highway. From Oakley a secondary road in fair condition leads south-
eastward along the old Boise-Kelton stage route up Birch Creek and
across the Cassia City of Rocks. Another road e_xtends directly east and
across the Albion Range and descends to Elba. An excellent surfaced
highway also joins Albion with the Old Oregon Trail near Declo. ¥rom
Albion a secondary road passes southward through Flba and Alrr}o to
the Cassia City of Rocks. Secondary roads also extend from 1§ to
Raft River Valley along Cassia Creek and also through Raft River
Narrows east of Almo. The highway from Malta to S_ublett \_varrants
special mention, as well as its extension into Black Pine Basin. Tl1e
basins and foothills of the ranges are nearly everywhere accessible,
mostly on roads which are not maintained and seldom used e)fcept by
sheep wagons. The Heglar region is served by roads deep with mud
at certain seasons of the year and as deep with dust atiother seasons.
Roads in fair condition extend far up the valleys in the éublett Range,
but few do so in the Black Pine and Albion Ranges.
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GENERAL GEOLOGY
STRATICRAPNIIC GEOLOGY

GENERAL OUTLINE

Stratified rocks are widely distributed in Cassia County, but the
stratigraphie column is far from complete. The Proterozoic era is rep-
resented by a great thickness of sedimentary marine strata of probahle
pre-Beltian age; the Paleozoic by Cambrian (?) and Carboniferous sedi-
ments; and the Cenozoie by sedimentary and volcanie strata of mid-
Tertiary age and by unconsolidated Quaternary deposits.

Time allowed for study in the district did not permit detailed studies
of the stratigraphy and accurate measurements of sections. Most of
the formations differ little in character and thickness from their respec-
tive occurrenées in nearby areas where they have been studied in
greater detail.:

The stratigraphy is briefly summarized below:

STRATIGRAPHY OF EASTERN CASSIA COUNTY

Thickness
(JUATERNARY: (feet)

Recent: Alluvium, -

Pleistocene: Hillwash and older alluvium; moraine and glacial out-
wash; 'and loess. Undifferentiated from Reeent alluvium on the
geologic map.

Unconfermity.
TERTIARY:

Upper Miocene (?): Payette or Salt Lake formation {(chiefly stratified
ash, tuff, conglomerate, clay, and marl, and in its upper part inter-
bedded with latite, rhyolite, and basalt flows). . ... ... . .. C . 2,500+
Unconformity.
CARBONIFEROQUS:
Permian: Phosphoria formation (shale, limestone, and chert, possibly

with phosphatic shales) . 700+
Unconformity.

Pennsylvanian: Wells formation (chiefly cherty limestones and sand-

BEOMIBE Y . . L e 2,900
Uneonformity. '
Mississippian: Brazer formation (massive limestone, subordinate car-

bonaceous shale and sandstone) . ........... ... ... ... .. .. L 2000+

Unconformity.

CaMBRIAN (7): Undifferentiated quartzite and limestone
Unconformity.

.......... .. BOOZ

PRE-CAMBRIAN (7): Harrison series (chiefly quartzite, lesser schist and
marble) L. ... 89,0004
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PRE-CAMBRIAN ROCKS

Strata of pre-Cambrian age are widely distributed ,in the Albion
Range and South Mountain, and, outside of the district, in the Raft
River Range. These comprise a thick series of quartzites and a lesser
thickness of schist and marble. Neither the base nor the top of the
series is exposed, and its exact thickness is undetermined, although
more than 9,000 feet of beds occur in the district. ‘The most complete
section is across the northern part of the Albion Range, where the
strata have been arched into a broad anticline. As the hest exposures
are on the flanks of Mount Harrison, it is herein proposed that the
series be known as the Harrison series.

HARRISON SERIES

CHARACTER AND DISTRIBUTION

The Harrison series falls naturally into three well defined lithologie
units, a lower division composed mainly of quartzite, a middle division
of quartzite but containing some schist and marble, and an upper divi-
sion of quartzite. Of the three divisions the lowest is by far the
thickest. It was not feasible to separate these on the geologic map in
the time available for study, especially as structural doming, faulting,
and inadequate exposures malke tracing of beds exceedingly arduous.
"The shallowness of the valleys on the slopes of the ranges also has not
been favorable for exposing adequate sections. All three divisions are
represented in the northern section of the Albion Range, but only two,
and largely the lower, appear in the southern half. '

Lower division: The lower division of the Harrison series is most
widespread along the east flank of the Albion Range from the south
edge of the Albion Basin to the Utah line. It forms there the exposed
east limb of a broad aunticline or dome, but as the dome has not been
symmetrically eroded and as the axis lies near the east margin of the
range, the lower division disappears beneath the younger members
westward. It does, however, appear on the west flank of the range
south of Cache Peak, where the anticlinal axis lies near the center of
the range.

The lowest part of the division is mainly a light gray to white pure
quartzite with thick, even bedding, but it contains some slightly mica-
ceous members. As much as 3,000 feet of these quartzites appear in
the hogback ridges which enclose the Cassia City of Rocks. Very little
of this part, however, appears in the northern section of the range, for
there erosion has not carved as deeply into the series. Above, there
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appears about 2,000 feet more of slightly micaceous quartzites alternat-
ing with numerous thick beds of pure quartzite and a few thin beds of
mica schist. This part is best displayed in the northern section of the
range, especially in Conner Creek Valley, and on the north slope facing
Albion Basin. Most of it has been eroded from or is concealed in the
Cache Peak section, except on its western side. The upper part of the
division is mostly a thick, even bedded quartzite, mainly light gray or
white, much like the lower part. [t has some darker micaceous beds.
It is distinguished readily from the lower part, however, by the presence
of a thin pebble bed, whose character has been changed under the
intense metamorphic agencies to a conglomerate gneiss. Pebbles have
been much squeezed and rudely orientated as in an augen gneiss,
and are in part-outlined by tiny foils of greenish muscovite. Miero-
scopic examination reveals complete recrystallization of the original
constituents and the development of greenish muscovite, and micro-
cline. Zircon and apatite are accessories. This bed is conspicuous on
Howell Creek: Conner Creek, and on the slope easl, of Cache Peak.
Thickness of the entire upper part is probably not less than 1,500 feet.

Middle division: The middle division is most widely distributed in
the north section of the Albion Range, mainly on its west side, but also
on its crest and over nearly its entire part north of Mount Harrison.
It extends along the west flank of the southern section only as far south
as Carson Creek. From there to the Utah line it has been entirely
removed by erosion. Likewise only a small patch remains at the north
end of South Mountain.

This division differs markedly from that below in containing much
more schist and also two or more marble or limestone members. 1is
maximum thickness is probably no less than 2,000-3,000 feet. The
boundary between this and the lower division cannot as yet be accu-
rately defined, but it lies probably not far beneath the lowest calca-
reous member.

The lowest part of the division is well exposed on the ridge that
encircles Lake Cleveland. Here the series is composed of more than
500 feet of impure crystalline limestone or marble, calcareous quartzite,
pure quartzite and schist, the caleareous beds comprising several hun-
dred feet of the whole. The marble is, in part, micaceous and has small
amounts of phlogopite. Above, the division becomes increasingly mica-
ceous and arenaceous and is mainly a micaceous quartzite with thin
beds of garnetiferous mica schist. Near the center of the division the
rock is mainly massive white quartzite, rather evenly bedded, but with
a few slightly micaceous beds and thin beds of schist. ‘This zone 1s
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probably not more than 1,500 feet thick. Its character is much the
same as that in the central part of the lower division. These beds form
the crest of Mount Harrison and are widespread to the north. They
are in turn overlain by a second series of crystalline limestones or
marbles, schist, and thin beds of quartzite, the entire geries measuring
probably more than 500 feet in thickness but not more than 1,000 feet.
The exact number of marble beds has not been satisfactorily deter-
mined. In places but one bed measuring from 60 to 100 feet was seen,
in others there seem to be several beds. Where but one marble bed
appears, other members have probably been removed by faulting.
Much of the marble is massive, pure white or mottled, but some is
thinly bedded. In one place a bed of massive white and mottled bluish-
gray marble is followed by a much thicker series of thinly bedded partly
caleareous gneiss, interbedded with layers of medium to coarse grained,
indistinctly banded marble, several hundred feet thiclt, and again over-
lain by a bed of grayish-white laminated marble. The entire thickness
of the calcareous series is perhaps over 400 feet. Much of the white
marble is a high-calcium carbonate, but the bluish-gray facies is some-
what dolomitic. A thin section of a more intensely altered facies of the
marble shows in addition to eoarse calcite grains, some muscovite or
tale, quartz, litanite, apatite, and magnetite, also some large grains of
hematite. vidently, the marble has in part been subjecﬁed to contact
metamorphism as well as to dynamometamorphism. '

A schist member at the top of the marble series is especially worthy
of description. This member is about 150 feet thick, and may be traced
without much interruption along the wide saddle between the two main
sections of the Albion Range, as well as along the west flank of the north
section and over much of the north end of the range. It shows little
change in character from place to place, but consists essentially of a
very fine grained grayish-black schistose rock studded with small erys-
tals of pinkish garnet. Microscopic study is necessary to identify other
minerals because of their minute size. These consist of variable
amounts of quartz, graphite, sericite, chlorite, biotite, andalusite, silli-
manite, cyanite, plagioclase, microcline, magnetite, titanite, rutile, apa-
tite, and zircon. These are not uniformly distributed through the
member, but give rise to layers richer in one or more of the constitu-
ents, usually in quartz, graphite, and sillimanite. Some of the lower
layers are more quartzose and are comparatively rich in chlorite and
have few other minerals. In other parts sillimanite needles predormi-
nate and with graphite form the main constituents. Andalusite inva-
riably accompanies the sillimanite, usually in much subordinate
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amount, but in places it exceeds the sillimanite. Its usnal occurrence is
in small grains or rods or as much larger metaerysts crowded with other
mineral constituents. Cyanite is only abundant locally, especially in
one locality near the north end of the range where it forms nests or
masses of long-bladed crystals in the garnetiferous schist. These lenses
of cyanite attain a foot in thickness and the individual blades a length
of seven inches. Other minerals are always very minor accessories,
except garnet, which is uniformly distributed through the schist in
excellent crystals seldom more than one-eighth of an inch in diameter
and generally closely spaced. Most of the schist might be classed as
a garnetiferous sillimanite schist. The presence of such alemina-rich
minerals as sillimanite, andalusite, and cyanite strongly implies that
the original rock was a clay shale.

- Upper division: The upper division of the Harrison consists of white
dense vitreous quartzite, in part massive with ill-defined bedding and
in part distinctly bedded or layered in beds six to eighteen inches thick.
Exposures oceur at the base of the Albion Range east of Oakley near
Slide Creek and may compose the main quartzitic rock in South Moun-
tain. Itisalso exposed along the base of the north section of the Albion
Range in beds much disturbed by faulting. From 400 to 500 feet of
these beds may be seen where the Albion highway crosses the range
south of Declo, but the exact thickness of the section cannot as yet be
given, as higher parts have been eroded.

CORRELATION AND AGE

~ The Harrison series is continuous with the ancient strata in the
Raft River Range which comprise the greater part of that runge, and
which have heen assigned to the Algonkian.!

Rocks most similar to the Harrison series are those in the Hailey
quadrangle? on the north side of the Snake River Plains about 90 miles
distant. These have been divided into two formations—a lower series
of arenaceous strata 6,600 feet thick, the Hyndman formation, much
the same as the lower division of the Harrison; and an upper series of
quartzose and calcareous strata at least 1,560 feet thick, the Bast Fork
formation, much like the middle division of the Harrison. Similarities
are sufficiently striking to suggest correlation of the two groups of rocks.
Those in the Wood River region have been assigned tentatively Lo the
Algonkian largely because of their great degree of metamorphism, much

1 Butler, 3. S., Loughlin, G. F., Heikes, V. C., The Ore deposits of Utah: .5, Geol. Survey Prol.
Paper 111, 1920, p. 78.

2 Umpleby, J. B., Westgate, L. G, and Ross, C. P., Geology and ore deposils of the Wood River
region, tdaho: 1.8, Geol. Survey Bull. 814, 1530, pp, 9-17.
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greater than that shown in adjoining masses of Paleozoie rocks. Some
of the metamorphism is assigned to igneous emanations, but it is noted
that the contrast in metamorphism between this group and the Paleo-
z0ic is marked whenever Lhe formation boundaries are crossed, irrespec-
tive of distance from intrusive rocks. On the other hand, C. P. Ross,
who has worked in the Custer quadrangle, immediately northwest of
the Hailey quadrangle, reports limestone with some quartzite similar in
lithology and degree and character of metamorphism to the East Fork
formation, apparently stratigraphically well above dolomite which con-
tains Silurian fossils. The weight of present evidence in the Hailey
quadrangle, however, favors the conclusion that the Hyndman and
Hast Fork formations are probably Algonkian.

The Harrison series is surely not to be correlated with the Belt series
of late Algonkian age so widely distributed in northern Idaho and
western Montana, nor is the series to be correlated with the late Algon-
kian rocks in the Wasatch Range in Utah. Not only does the Harrison
series show a muech greater degree of metamorphism than the members
of the Beltian series and other rocks of supposed Algonkian age, but
it also shows an entirely different manner of origin, being made up
mainly of marine sediments instead of continental deposits as in the
other series. The Belt rocks are characterized by their general lack of
metamorphism, except in the vicinity of granitic intrukives, and are
composed in large part of sandstones, shales and argillites, and lesser
limestones, deposited mainly in shallow waters and distinguished by
sun cracks and ripple marks, cross-bedding, and highly colored layers,
especially reddish or purplish and greenish, The rocks in the Wasatch
Range are more or less similar and are described by Blackwelder® as
alternating beds of sandstone or quartzite, slate, and conglomerate,
not greatly indurated, composed of poorly assorted materials, with
sandy beds, yellow, gray, and red, and shaly layers, purple, maroon,
and green, further distinguished by much cross-bedding, ripple marks,
and mud cracks. Beneath this series he has found another, however,
composed of mica schist and melaquartzites.® This characterization
of the Belt series and its supposed equivalent in Utah is vastly different
from the thick white quartzite series with its heds of schist and marble
in Cassia County and the Raft River Range in Utah, where the rocks
are especially distinguished by their whiteness of color, well assorted
materials and regularity of bedding, and by their extreme degree of
metamorphism, which has been sufficient to change the calcareous

1 Blackwelder, Eliot, New light on the geology of the Wasateh Mountains: Geol. Soc, Amer. Bull,
Val. 21, 1910, pp, 617-542

2 Blackwelder, Eliut,'Wusalch Mountains revisited: Geol, Soc. Amer. Bull, Vol. 36, I 25 ahstract,

pp. 132-33.
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members to coarse marble, the shale to sillimanite schists with acces-
sory andalusite, cyanite, and garnet, and the included pebble beds to
conglomerate gneiss. The great degree of metamorphism is regional
and is not due to igneous intrusion, for the series shows the same
degree of metamorphism throughout, only slightly enhanced near the
contact with the intrusive granite bodies. As additional evidence that
the great metamorphism is not the result of igneous intrusion, may be
cited the lack of metamorphism in the Carboniferous limestones and
sandstones lying beneath the overthrust block of the metamorphie
series east of Oakley in near proximity to the granitic stocks.

Local and regional evidence therefore favors an ancient date for the
meta-sedimentary series, probably pre-Beltian. It is likely that the
Harrison series is the equivalent of the new series of pre-Cambrian
rocks mentioned by Blackwelder! in the Wasatch Mountains, which
consist largely of silvery mica schists and white metaquartzites, whose
age is intermediate between the gneisses of supposed Archean age and
the quartzite-slate series in the Cottonwood canyons, which he regards
as probably late Algonkian. The Harrison series is thus very likely
older than the Belt series or the late Algonkian rocks and perhaps be-
longs in the central or lower part of the Proterozoice, perhaps to the
Huronian, if such a correlation can ever be made between the western
pre-Cambrian and that of the Lake Superior region or the Canadian
shield.

CAMEBRIAN SYSTEM

Strata belonging to the Cambrian are believed to lie along the north
base of the Raft River Range as windows beneath an overriding sole

- of the Harrison series. As only a narrow border extends across the

State line into Idaho there was little opportunity afforded for studying
this system.

These beds appear to be made up of a lower series of massive quartz-
ites, in part fine grained and in part conglomeratic, white to pinkish in
color, more or less similar to the Brigham quartzite in southeastern
Idaho described by Mansfield.? The guartzite has been so broken by
major and minor faults that little could be learned of its lithologic
sequence or of its thickness, except that it exceeds 300 or 400 feet.
Above it lies a series of shales and grayish limestones, probably corre-
sponding to the Middle Cambrian limestones in southeastern Idaho.
But here again the limestones have been so sheared because of their

1 Geol. Soc. Amer, Bull,, Vol. 36, 1925, op. cit., p. 132,
2 Prof. Paper 152, op. cit., p. b2.
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nearness to the overlying fault zone, that they have a distinct sch.istos—
ity, sufficiently severe to obliterate all fossils that may have existed.
More than 500 feet of the grayish limestone, usually with poorly pre-
served bedding, appear on the slope west of Stanrod. The quartzite
occurs mainly at the base of the range between Stanrod and Naf.

Cambrian rocks are widely distributed over western Uta}lf and
everywhere the early or lower strata are composed of qt‘mrtmte and
sandy shale and the upper part of limestones and dolomites. Much
variation in thickness oceurs, but in the west and north part of the
Qtate the Cambrian attains a thickness of more than 9,000 feet.

CAHRBONIFEROUS SYSTEM

Strata of Carbonifeous age are well represented in eastern Cassia
County, where they constitute the only rocks in the Black Pine I_tange,
most of the rocks in the Sublett Range, and two small areas in Lhe
Albion Range. All three series of the Carboniferous system are pres.ent,
the Mississippian, Pennsylvanian, and Permian. These consist chiefly
of limestone and sandstone, together with subordinate cherty and sl}aly
members, including possible beds of phosphatic shale, and diffe:r litt}e
in lithology and thickness from the Carboniferous rocks described in
southeastern Idaho, !

MISSISSIPPIAN SERIES

Mississippian strata include only the Brazer formation, lwhich differs
from that farther east in containing a little more shale and sandstone.
Tts presence is largely inferred from its lithologic resemblange ta the
Brazer limestone elsewhere. The Madison limestone, which lies below
the Brazer formation, was not recognized nor was its presence sugge_sted
from faunal studies. As the base of the Brazer was nowhere deﬁm'tely
established, it is not likely that erosion has brought the Madison lime-
stone to view.

BRAZER FORMATION

The Brazer formation is believed to oceupy most of the southern
segment of the Black Pine Range, the northern end of the Sublett
Range, and the small patch of Carboniferous rocks at the 'north end of
the Albion Range. In the Black Pine and Sublett ranges }t appears as
an overthrust block on younger Carboniferous stratz_a., 'but in the Albion
Range it appears as a window beneath an over-riding block of pre-

L Prof. Paper L1, vp, cil, pe. T8-79.
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Cambrian strata. In all places its presence is mainly inferred from the
massiveness of some of its limestone members and their tendency to
form pronounced ledges.

In southeast Idaho, according to Mansfield,* the Brazer is charac-
terized by massive, generally light gray limestone that is prominent
as a ridge and cliff marker and which in eertain beds is highly fossilifer-
ous. Ispecially conspicuous and characteristic are cup or horn corals
distinguished by their large size and numerous slender septa. Locally
the limestones are arenaceous and interbedded with sandstones. Strata
similar to these occur in Cassia County, but a thick shale bed is also
included.

Massive, white or light gray limestone is topographically conspicu-
ous in the southern end of the Black Pine Range, where beds form cliffs
and ledges and otherwise produce rugged country. The base was naot
definitely established, but the Jowest part exposed consists of several
hundred feet of black carbonaceous shale with a little sandstone above
and below and interbedded with thin bedded dark gray limestone.
This part of thie series is well exposed at the heads of Black Pine and
Kelsaw canyons. Thin bedded limestones, some members abundantly
fossiliferous, alternating with some massive beds continue for several
hundred feet and possibly a thousand feet above the shale horizon,
Above this appears the most characteristic part, consisting of about
400 feet of non-fossiliferous light gray massive limestone, usually much
broken and shattered but with the fractures healed with calcite. Bed-
ding is generally indistinet and the limestone forms the mosl pro-
nounced ledges in the district (Plate X, A). In part it is slightly cherty,
but for the most part it is composed of relatively pure limestone
adapted for industrial use. This member forms the host for most of
the replacement mineral deposits in the Black Pine distriet and may
be readily traced across the range by the cliffs and ledges it produces.
Above are some more thin bedded dark gray limestones, non-ledge
forming, with some intercalated argillaceous members and sandstones.
Tossils collected from the series in Black Pine Canyonin Sec. 8, T. 16 8.,
R. 29 B., and identified by Mr. George H. Girty of the 11.S. Geological
Survey are as follows:

Triplophyllum ? sp. Productus aff. inflatus
Stenopora sp. Pugnoides sp.
Rhombopora sp. Productus phosphaticus ?
Productus cora Eumetria ? sp.

Mr. Girty refers the lot to the Brazer on one count only. He states
that except for the forms listed as Eumeiria ? sp., this formation might

1 Pyal, Paper 152, op. cit., p. G3.
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Better be Wells than Brazer, and it that one form could be interpreted
s some uncommon or unknown species of Hastedia, the lot might be
assigned tentalively to the Wells. This collection is apparently fram
the limestones shove the main Tight gray massive clilf-forming beds,

Stpadae in 1 he north part of the Sublett Range ditfer little from those
mentioned ahove. The lower part, where exposed inthe Tower walls
of Sonth Heglur Canvan, cansists ol black carhonaccons shales and
some sandstone or gquartzite overlain by nearly i thousund feet of thin
aned massively bedded limestones, some fossitiferous,  In this horizon
is s i Bed of Dtraformatonad conglomerate or hreccin about 80 Teel
(hick. made up ol sharp angule pleces of bk and reddish ehert.
Aboy e 4 shoin GO feet ol massive Himesione, then thinner beds of more
shaly charieters Tnihe stecp eanyon wills the limestones form {requent
Jeclres B late X0 Ly but onore sentle slopes outerops are usually not
so conspicuons. Above the brecersand shaly Ihnestones again oceur
the light gray massive ledges so chizraeteristic of the Biack Pine area
and form ihe series of pronounced ledpes which muke up the upper
part of Cedar Peak ridge and also the white tedges on Badger Peak Lo
the north, Again no fossils were found in them. A coflection made from
ledges in this series of stratw in Yee. 7, 1. 11 8., B 30 B in rocks
mapped s Pennsylvanian by Piper! in Power County contains the
following faunu:

[ithostrution sp. Crinokd stems
Campophyllum sp. Lunmphalus 7 sp,

In addition to these, large cup or horn coruls are abundant. M.
Girty states that the fauna of this lot suggests the Hrazer fauna more
strongly than any other.

Another collection from North Heglar Canyon in Sec. w, T, 118,
R. 30 K., in the limestones below the upper jmassive members contains:

Stenepora all. carbonaria Productus semireticulutus
Patypora sp. Productus eora
thombopara sj. Pustula alf, porreeta

Ar. Girly much more tentatively includes these among the Permian
lots. 1t is possible that these are from a small window of Permian
rocks beneath the over-riding Llock of Brazer, hut the field relations
strongly suguest that this horizon helongs in the Brazer. Fossils in the
hikls north of the main rage in See 3, FO 108, R28 1., consist of cup
corals and coloniad Lypes, Sgriagoport sp.

GQirata in the north end of the Alljon Range apparently consist
mainty of the lght gray massive limestone, with some beds of darker
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gray color and some of shale. Some of the beds contain poorly pre-
served forms of cup corals. It is possible that this same horizon is also
exposed in places in the window of Carboniferous rocks west of Elba.

PENNSYLVANIAN SERIES

Pennsylvanian strata consist of the Wells formation alone. This
formation resembles the Brazer but contains much maore sandstone and
much chert, especially in the limestones. It assumes great prominence
in the Black Pine and Sublett ranges, but unlike the Brazer does not
form cliffs or ledges, but everywhere the slopes are smooth (Plate IV, B,
and Plate V, A). Itscharacters differ little from the Wells in southeast-
ern Idaho. In some places it is associated with the overlying Permian
series and because this association is so intimate, on account of folding
and faulting it was not possible to differentiate the two series in the
time available for work.

WELLS FORMATION

The Wells formation is much more widely distributed than the
Brazer. It comprises the middie and northern segments of the Black
Pine Range as well as part of the southern. It, together with the
Permian series, comprises much of the southerniand western part of
the Sublett Range. It also is present in the mid-part of the Albion
Range between Elba and Oakley, in the window beneath the pre-
Cambrian rocks. g

In southeast Jdaho the Wells formation has three variable but fairly
distinet parts—a lower sandy and cherty limestone facies, a middle
sandy facies, and an upper siliceous limestone. The lower beds are
generally more sandy and cherty than the massive beds in the upper
part of the Brazer formation. The middle sandstone member forms
steep slopes strewn with debris, but makes few or inconspicuous ledges
except in the steeper-walled valleys and then rarely. The upper sili-
ceous limestone member forms prominent ledges or knobs along the
hillsides, but in some places il is absent.

Clerty limestones and sandstones of the lower division are espe-
cially well displayed in the north section of the Black Pine Range. The
limestones are dark gray to bluish gray and the chert is largely in the
form of nodules but occurs also in bands and irregular masses or
streaks. On weathering, the surface is usually strewn with the chert
masses and fragments. These sandy and cherty limestones and their
interbedded sandstones have an observed thickness of about 800 feet.
Some horizons are fossiliferous with fossils both in the sandy and cherty
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limestone members. Fossils collected in Sec. 25, T. 14 8., R. 28 E.-,
have been identified by Mr. Girty as follows:

Triticites secalius 7 Productus semireticulatus
Stenopora sp. Spirifer triplicatus
Polypora sp. Composita subtilitia
Rhomhbopora sev, sp. Plagioglypta ? sp.
Derbya T sp.

These Mr. Girty definitely assigns to the Pennsylvanian (Wells
formation).

Alternating beds of cherty and sandy limestone and sandstone also
make up rocks in the southeast part of the Black Pine Range. These
are similar to the strata in the north end of the range and although no
fossils were obtained from them, probably belong to the lower division
of the Wells. T'hese are apparently overlain by Brazer beds as a result
of thrust faulting.

It is possible that the middle segment of the Black Pine Range has
some rocks of the lower division, but most of the strata belong to the
middle and upper divisions. The middle sandy section is nearly 2,000
feet thick, and in addition to sandy limestones has much sandstone.
Tt forms topographically the highest part of the Black Pine Range hut
fails to give good ledges (Plate IV, B), although the steep slopes are
well strewn with debris. Most of the sandstone, both irj debris and in
the outerop, has a characteristic brownish color, but fresh rock is gray.
Above the sandstones on the steep west slope of the middle segment of
the range is a light. gray limestone member about 100 feet thick which
tends to form ledges and which might represent the uppermeost division
of the Wells. Only poorly preserved fragments of fossils were found
in it.

Both the middle and upper division of the Wells formation were
recognized in the Sublett Range and it is probable that some of the
Jower division may also be present. Sandstones similar to those in
the middle section of the Black Pine Range are most widely distributed,
especially in the area south of Sublett Creek and east of Lake Fork.
Here, too, the sandstone forms smooth slopes only infrequently broken
by ledges. Some subordinate beds of limestone oceur in it and some
of it is cherty, bul these beds are all too easily confused with the cherty
Permian series which lies above. In several places fossiliferous beds of
the lower division appear in lower slopes of stream courses which cross
anticlinal structures. In See. 36, T. 12 8., R. 29 E., a fauna with

Composita subtilitia and Euwomphalus # sp. was collected and in Sec. 35,

T. 11 8., R. 28 ., a fauna with Composita subtilitta. Mr. Girty states
that these lots may belong together and are more likely Wells than
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either Brazer or Phosphoria. Although these two localities are more
than eight miles apart, they apparently come from the same strati-
graphic horizon. The upper white siliceous limestone is also widely dis-
tributed. It tends to form knobs along the hillsides or on the ridges and
is useful as a marker for the overlying Permian series.

The Wells formation is also well represented in the Albion Range in
the low ridge or window between the two main sections of the range
east of Qakiey. The upper part of the Brazer may be present in the
exposures nearest Elba, for there the strata are composed of light gray,
poorly fossiliferous limestones which tend to form ledges. Their dip
soon carries them from sight below the younger strata and above them
appear in turn cherty and sandy limestones much like those in the
northern end of the Black Pine Range. These cherty and sandy lime-
stones carry a limited fauna, although crinoid stems are abundant in
places. Fossils collected in See. 27, T. 13 8., R. 24 K., and identified
by Mr. Girty include Productus core ? and Clriothyriding ¢ sp., which
he states may be either Brazer or Wells but more probably the latter.
These alternating sandstone and limestone beds carry to the top of
the divide from the east and may carry over to the north end of the
exposure on the lower western slope of the Albion Range. Sundstones
of the middle division ocecupy most of the west slope of the range.
These sandstones are identical to those in the other ranges and like
them carry subordinate calecareous members. Again limestone occurs
in the upper part, but whether it actually represents the top member
or the lower brought into position by faulting was not definitely deter-
mined. 1Itis probable that some of the limestone toward the north end
of the exposure might be the upper member.

PERMIAN SERIES

Permian strata in this area constitute a single formation, the Phos-
phoria. This formation is of greal economic and scientific interest
because in the areas studied by Mansfield in southeastern Idaho it
contains valuable and exiensive deposits of high-grade phosphate rocl,
which is the chief mineral resource in that region.

PHOSPHORIA FORMATION

The Phosphoria formation is widely distributed in the Sublett Range,
where it lies above the upper limestone member of the Wells formation
and is found as bands along the flanks of the larger folds or in the
complex crumplings in the folds or along the borders of the faunlted
areas. Its presence is definitely established on both sides of Sublett
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Creelk, for several miles on each side of Lake Fork reservoir, and extends
into the detached hills of older rock northwest of the main mountainous
area. Most of its duplication and widespread occurrence within the
area is due to fanlting. 1t is not surely recogmized in either the Black
Pine or Albion Ranges, but it may occur in both, especially as much
chert characteristic of the upper part of the formation occurs on the
lower western slope of the middte section of the Black Pine Range.

Although the Phosphoria formation is not of great thickness (never
more than 700 feet), it maintains a nearly uniform character over wide
areas. Where studied in the region to the east the formation contains
twa distinet, lithologic units, upper and lower. The upper unit, which
consists of massive limestones and cherts, is called the Rex ehert mem-
ber, while the lower unit comprises the phosphatic shales, with which
are included beds of limestone and of fetid limestone.

Both units appear in the Sublett region, but little was learned of
the lower unit. In places the upper limestone of the Wells formation
is emphasized by the relative weakness of the beds immediately above,
which have retreated, causing knobs and ledges of the underlying rock
to form. TThis relation suggests that soft phosphatic shales may lie
above, and that the lower division of the Phosphoria may differ little
from that in southeast Idaho. Weak shaly beds were nbted in the field,
but little significance was attached to them at the time, {or it was not
until after fossil determinations were made that the Phosphoria was
definitely established or recognized. Fossils were collected from a wealk
shaly member not far above the top of the Wells on the divide between
South Heglar Canyon and Shirley Creek in Sec. 8, T. 12 8., R. 20 .
Tossils were abundant in this member, but consisted of a single species,
Pugnoides weeksi, which Mr. Girty states rather definitely determines
the formation to be Phosphoria and probably the shaly part in which
beds of phosphate oceur. Until further investigation is made in the
area, nothing can be said as to the character of the lower part of the
Phosphoria. [Its thickness is probably not less than 200 feet.

The Rex chert member above is the conspicuous part of the Phos-
phoria formation, and hecause of its superior hardness stands out in
strong cliffs and ledges. Such ledges are strikingly shown near the
reservoir at the junction of Lake Fork and Sublett Creek and on the
west slope of one of the outliers northwest of the main range, northwest
of Heglar post office. The Rex Chert member is composed of massive
chert in the lower part or lower 75 feet, above which are massive beds
of gray limestone, some of them crowded with fossils, especially Pro-
ductus, and also beds of flinty or cherty shale. Some of the upper lime-

GEOLOGY AND MINERAL RESOURCES OF EASTERN CASSiA COUNTY 37

stone also contains much chert, which makes it indistinguishable litho-
logically from the lower part of the Wells. Detritus above the upper
division of the Phosphoria is especially strewn with chert fragments.
The thickness of the upper unit is probably not less than 400 feet.
Cherty facies of the Rex chert member is generally non-fossiliferous, but
Jocally contains sponge spictules and casts of crinoid stems. Collections
made of fossils from other members of the Phosphoria formation and
submitted to Mr. Girty for identification suggest that the formation is
very widespread from Cold Spring Canyon along the border of Raft
River Valley northward to the Snake River Plains. It will reqguire
detailed study of the entire range to evaluate its true limits and to sepa-
rate it from the Wells formation. Fossils collected in Sec. 3, T. 13 8.,
R. 29 E., at the edge of Sublett Creelc Valley, contain the lollowing:

Stenopora aff, carbonaria Pustula sp.

Rhombopera sp. Productus phosphaticus ?
Schizophoria sp. Composita subtilitia
Derbya ? sp. Cleiothyridina ? sp.
Pustula subliorrida Bellerophon sp.

Mr. Girty states that this collection is also probably Phosphoria,
but that it represents the limestone member distinguished in many
occurrences, though not here, by containing Spirtfernia pulchra fauna.
A collection from Sec. 10, 1. 18 8., R. 29 E., on the other side of the
valley and on the opposite side of a fault is also recognized as Phos-
phoria, but without suggestion as to any definite part. This fauna
contains the following:

Leioclema ? sp.

Streblopteria montpelierensis
Pustula subhorrida

Plagioglypta ? sp.

Another collection from Sec. 36, T. 128, R. 29 E., is likewise recog-
nized as Phosphoria, but again without suggestion as to any definite
part, and contains Stenopora aff. carbonaria and Pustula subhorrida.

There is strong likelihood that the Phosphoria also outerops in the
middle section of the Black Pine Range, particularly along the lower
western slope or the lower foothills tributary to the main high central
part. Considerable chert was noted in surface debris, but such material
could as well be derived from the lower division of the Wells.

TERTIARY SYSTEM
GENERAL FEATURES

In Cassia County the Tertiary is represented by both sedimentary
and volcanic rocks and as these are commonly interbedded, it is difficult
to describe the sedimentary alone without mention of the intercalated
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and overlying lavas. At one time the Tertiary rocks probably mantied
the entire region, but even though erosion has subsequently remaved
considerable of the strata from the later elevated parts’of the distriet,
and alluvium has covered much of it in the depressed areas, it remains
today one of the most widespread of the geologic formations. The same
series of rocks continues eastward into the region where it has been
described as the Salt Lalke formation, and also to the west where it has
been described as typical Payette formation.

Tertiary rocks may be divided into two parts—a lower part consist-
ing wholly of sedimentary strata, and an upper part consisting of alter-
nating beds of lava and sediments. There is no apparent break between
the two parts and the sedimentary strata of the upper part are similar
to those of the underlying part. Exposed thickness of the Tertiary
strata is estimated at 2,500 feet, the upper 800 feet of which constitute
the upper division. As a whole the Tertiary rocks are mainly voleanic
as much of the sedimentary material consists of bedded ash and tuff.

DISTRIBUTION AND CHARACTER

Best exposures of the Tertiary strata are in western (assia County
at the margin of the district where Bowen' has described the oceurrence
in the lower division of clay, shale, volcanic ash, sandstope, conglomer-
ate, and some lignite, all well stratified and for the most ‘part regularly
bedded. Clay and shale predominate in the lower part, voleanic ash
and sandstone in the upper part. The ash beds consist of white or gray
ash of pumiceous character. The sedimentary members of the upper
division are similar to those of the upper part of the lower division, but
are intercalated with flows of acidic lava. A composite section of the
Tertiary strata measured along Trapper Creek west of Oakley is repro-
duced below from Piper's? report on the Goose Creek Basin:

GENERALIZED GOMPOSITE SECTION OF LATE MICCENE (N ROCKS MEASURED
ALONG TRAPPER CREEK WEST OF GAKLEY

Thickness
Member (feel)
1. Rhyolite® cap roel. ... ..o o 101
2 Volcanic ash or “lake beds,” gray to white, bedded, friable. ....... 12
2. Rhwolite. ... 115
4

_ Voleanic ash, gray to white, stratified, locally crosshedded, poorly con-
solidated . .. . ... ...
5. Rhyolite. . ... . 28

I Bowen, C. F_, Coal and lnite in Boise and Caasia countics, Idaho: U.5. Geol. Survey Bull. 511-H,
1913, pp. 252-262. . .

% “Jduho Bureau of Mines and Geology Bull. 6, op. <¢it., p. 28. .

3 Microscopic studies by Mr. E. 8. Larsen show that the rhyolites are actually quartz latites, Bull. 6,
op. cit., pp. 27, 30.
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6. Volcanic ash showing local crosshedding. One bed of buff sandy clay

grading downward into typieal ash.. ... .. ... ... ... .. .. 120
7. Rhyolite, ... . G8
8. Voleanic ash beds, outerops masked by talus. .................... 410
9. Rhyolite .. ... . . 56
10. Voleanic ash, gray, oarse. ... ... ... oi e .. 29
11. Lignite and alternating fine white clays, some intercalated ash. Five
lignite beds 0.2 to L.0 foot thiek. . ... ......... ... 30
12. Tt;v]() strata of fine white clay grading downward into typical voleanic
ASH e R 255
13. Lignite, enclosed by fine whiteclay. .. ........... ... ... ...... 2
14. Volcanic ash, clay, sandy clay, and ashy sandstone. ............ ... 232
15. I?erlase white to blue clay, several intercalated streaks of carbonaceous
SHALE . . e 7
16. Conglomerate, loosely consolidated, pebbles of limestone, chert, and
QUATtZILe. . .. e 4
17. Fine sandy clay, clayey ash, fine blue shale, and typical voleanic ash
interbedded . . . .. O 12
18. ‘Conglomerate, sandy at top. Pebbles of limestone, chert and quartzite 12
19, Voleanic ash, with some intercalated argillaceous beds, to bottom of
exposed section, .. ... ... 75 4

From this seétion it is readily seen that the series may be divided
into two parts representing two periods differing in the intensity of the
voleanic activity. The upper division includes members 1 to 9 of the
composite section and comprises the lava flows and intercalated beds
of poorly consolidated volcanic ash. The lower division includes the
remainder of the section, but no marked difference in character sepa-
rates the two.

Some of Lhe sandstone and conglomerate in the upper division of
the series outcrops in the canyons at the west base of South Mountain,
but elsewhere in the district the sedimentary strata are largely con-
cealed by the upper lavas. The strata at the west base of South Moun-
tain are conlinuous with those of the Goose Creek region.

The Malta Range is carved wholly in the Tertiary series, but most
of the sedimentary strata are concealed beneath the capping lava flows.
Here and there near the west base of the Lilted block range the gullies
have cut through the lavas and have exposed the underlying stratified
rocks. Most of the disclosed strata consist of tuff or ash of pumiceous
character, resembling powdered and semi-consolidated pumice and con-
taining variable amounts of plagioclase and augite fragments, and mag-
netite grains. The tuff or ash is regularly bedded, as shown in Plate
XVI, A, and the difference in the individual layers is mainly in the
coarseness of the various constituents and also in their relative propor-
tions. A much thicker sequence is shown along the east front of the
range, but unfortunately exposures are largely obacured by landslide



40 BULLETIN L4, INAHO BUREAU OF MINES AND GEQLOGY

blocks of the cap lava and such strata as are exposed at the base of
these blocks are wholly inadequate for study. Tocally, near the south
end of the range, about 400 feet of the strata are exposed, wholly of
pumiceous material. Much ash, but including some clays and shales,
also form low hills in the wide basin south of Almo, and appear also at
the base of the Raft River Range. Some of the shale is well compacted
and has greenish and bluish colors.

Some remnants of the tuff and shale also lie at the north end of the
Albion Range in places beneath the lava. This sedimentary rock
belongs to the upper division of the series and its position suggests that
it was originally deposited on a nearly leve] surface or the old erosion
surface coextensive with that now exposed on the summit of the range
near Mount Harrison and Cuche Peak.

Most of the upper part of the series with intercalated lavas and
lava cappings has been eroded from the area east of the Raft River
Valley, leaving only remnants of some of the lowest flows and the
underlying sedimentary strata. Much white or gray pumiceous ash
and also dark gray basaltic tuff, the latter composed mainly of well-
compacted brownish glass and plagioclase and augite fragments, remain
in parts of the Sublett Range and in the wide valley between it and the
Black Pine Range. Much of this is beneath a thin flow of dark glassy
lava. Along lower Sublett Creek these strata contain an intercalated
fow of basalt. Members still lower in the series appear at the north
end of the Black Pine Range. These are more typically sedimentary
and consist of conglomerates and maris or fresh-water limestones. "T'he
conglomerates are relatively soft and loose textured, and are composed
of angular to subangular and even rounded pebbles. These are com-
posed of local materials and the pebbles are usually sandstone, lime-
stone, and chert from the Wells formation in a calcareous or sandy
matrix. These beds also appear in the southern slopes of the Sublett
Range. Beds of marl or fresh-water limestone, measuring about 100
feet thick, outerop at the north tip of the Black Pine Range under a
partial capping of white voleanic ash. Fresh water gastropods are
numerous in the marl. A thin bed of conglomerate underlies this
member.

Exposures suited for measurement were not observed east of the
Raft River Valley, but at least 500 feet of beds, including lavas, were
seen at the surface. The total thickness is probably much greater, for
the strata above have accumulated on and largely buried a topography
of considerable and varied relief. East of Raft River Valley the strata
are much like those of the Salt Lake formation as exposed in the Fort
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Hall Indian Reservation' a few miles to the east. One is indistinguish-
able from the other in lithologic character and manner of deposition,
and both have the same association with igneous rocks.

CORRELATION AND AGE

Definite correlation of this series is not wholly possible, as the only
fossi] shells found in it consist of fresh-water gastropods similar to those
found farther east in the Salt Lake formation. Unfortunately, these
shells have no diagnostic properties, for they range throughout the
Tertiary. Stems and broken fragments of plants have been found in
several places west of Oakley associated with lignite, but no specimens
were found which could be identified.

CORRELATION WITH THE PAYETTE FORMATION

The strata have striking lithologic resemblance to the Payette for-
mation in southwest Idaho, in which abundant Upper Miocene fossil
plants have been found. Bowen,? and later Piper,” attempted correla-
tion of the strata in the Goose Creek area with the Payette beds, but
were not wholly successful because of early confusion in the designation
of the Payette horizon. Both concluded that the Goose Creek strata
must be clder than Payette. Subsequent work has corrected the early
error. 'To show iLs bearing on the general problem, the earlier worlc will
be briefly reviewed.

As first described by Lindgren,* the Payette consists of a thick series
of lake beds composed of shales, clays, sands, and tuffs of white or light
color above a series of lavas dominantly basalt but with rhyolite at the
top. Fossil plants in the sedimentary series were assigned to the Mio-
cene and to the Pliocene, indicating two series of sedimentary strata,
nearly indistinguishable lithologically, to the younger of which he gave
the name Idaho formation. In 1904, while working in the Owyhee
Mountains of Owyhee County, he® assigned the Payette to the Focene
on a revision made by Knowlten on the Payette fiora.

Bowen?® cited the resemblance of the Goose Creek beds to the Pay-
ette formation of the Snake River Valley region in lithelogic charaeter,
degree of consolidation, and manner of deposition; and also the associa-

1 l\r‘l;;sﬁeld, G. R., Geograpiy, gevology, and mincral iz : i
Jaah b iapafield, G- . Geogr 713": 129201 L},’_\[r) 54-55‘: ‘;gra resources of the Fort ITall Indian Reservation,
2 Buil. §31-H, op. cit., p. 14,
3 Bull. 6, op, ciL., p. 35.
i lisglémdgren, Waldemar, Description of the Boise quadrangle: U.S. Geol. Survey Geol. Atlas, Folio
Reptl.\:tgtmg ?%ﬁ;ﬁ?[ﬁth? Idaho BasAin and the Boise Ridge, Idahe: DLS. Geol, Survey Bighteenth Annual
E‘ulioall]ldl:dlg!)rgr.' aldemar, Description of the Silver City quadrangle: U.5. Geob. Survey tieol. Allus,
& Pull. 531-H, op. cit., p. 14,
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tion with rhyolites similar in all respects to those in the Snake River
Valley; all of which have been regarded by Lindgren and others as of
early Tertiary age. He stated: '

“It cannot be said, however, that these strata are the equivalent of
the Payette formation, because (1} in the Snake River Valley the rhyo-
lite is older than the Payette beds, whereas in the Goose Creek district
the rhyolite is interstratified with the upper division of the sedimentary
rocks, which are chiefly older than the rhyolite; (2) the Payette forma-
tion in the Snake River Valley is associated with basalt. In the Goose
Creek plateau no basalt is present and the rhyolite is older than the
basalt of the Snake River Plains adjaceni on the north. The Goose
Creek disirict was occupied by a lake prior to the rhyolite extrusion.
If the rhyolite of the Goose Creek district and that of the Snake River
Valley are of the same age, the Snake River Valley, to which Goose
Creek is tributary, must also have been occupied by a lake prior to the
advent of the rhyolite and therefore before the deposition of the Pay-
ette formation. This would meun either that the old lake in which the
Payette beds were laid down was in existence earlier in the Focene
epoch than the deposition of these beds or that an earlier lake whose
history is not yet known occupied the valley. No evidence of the
existence of such a lake has yet been observed in the Snake River
Valley. L

“If, on the other hand, the rhyolite of the Goose Creek district is
younger than that of the Qnake River Valley, the sedimentary strata
of the two localities may be of the same age and all belong to the
Payette formation.” '

Buwalda® in a more recent work in southwestern Idaho established
the existence of two series of tuff beds on the hasis of vertebrate fossils
found in the area covered by Lindgren in the Silver City geologic folio.
From the field identification of fossil teeth, the beds in the vicinity of
Rockville, near the western boundary of the Silver City area, are termed
middle to late Miocene and are older than or contemporaneous with
the rhyolite flows of the region. He then inferred that the lithologically
similar beds which border Snake River farther east and ecalled the Pay-
ette formation by Lindgren are definitely younger and of a late Miocene
age or more recent.

With the new data as to the age of the Payette formation Piper?
stated his belief that the Goose Creek series was contemporaneous with
the rhyolites of the Snake River Plains and the Silver City region and

1 Buwalda, J. P, A preliminary reconnaissance of the gas and oil ;ossibilities of soutliwestern and
south centrai Idaho: Idahe Burcau of Mines and Geclogy Pamphlet 5, 1923, p. 2.
% Bull. 6, op. eit., p. 35
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older than the Payette formation deseribed by Lindgren or equivalent
to the Upper Miocene strata mentioned by Buwalda. 1is assignment
differs from Bowen's only in that the series belongs to the Miocene
instead of the Eocene.

More recently Kirkham,' who has restudied the Tertiary strata in
southwestern Idaho, redefined the Payette and Idaho formations and
assigned the Payette formation to the series of strata beneath the rhyo-
lite and the Idaho formation to the strata above. The Payetie sedi-
ments heneath the rhyolite contain Upper Miocene {lora and are con-
tained between the flows of Columbia River basalt. The Idaho lake
beds above the rhyolite yield a Pliocene flora.

In light of these most recent findings there is no difficulty in cor-
relating the sedimentary series with its intercalated and capping fiows
of lava in Cassia County with the Payette formation farther cast, since
both lie below the rhyolite horizon. The rhyolite or acid lava cap is
the same in the two regions, for the writer as well as Kirkham? has
iraced the capping flows westward from Cassia County into the region
described by Lindgren in the Silver City folio and has found them
continuous. The most notable change from southwestern Idaho to the
south and southeast part of the State is the great decrease in the number
.Of Columbia River basalt flows in the Payette and the corresponding
increase in the number of acid lava flows in the same stratigraphic
horizon or above,

CORRELATION WITH THE SALT LAKE FORMATION

_Statement has already been made of the similarity of the Tertiary
series in Cassia County to the Salt Lake formation in the Fort Hall
Indian Reservation. The lower 8alt Lake strata are mainly sediment-
ary composed of conglomerates, marls, limestones, and clays, overlain
by white or gray pumiceous ash or tuff and containing and capped by
fAows of acidic lava. This general sequence is the same as in Cassia
County and the strata in the two districts are indistinguishable.

Mansfield® has assigned the Salt Lake formation tentatively to the
Pliocene on the relation of the acid lavas in its upper part to the rhyo-
lites in Yellowstone National Park. Such fossils as have been found in
the series have not been of determinative value or are of long-ranging
types. In Yellowstone Park the “Canyon” conglomerale, which,
according to W. C. Alden, may prove to be younger than ithe main
body of the rhyoclite, has yielded fossil remains that were identified by

L . .

1931, pgnill{g:-l;j!iv R. D., Revision of the Payette and ldaho formations: Journal of Geology, Vol. XX XIX,
2 Kirkham, V. R. D., Oral communication.
3 Prof. Paper 152, op. cit., pp. 111-112.
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Prof. 0. C. Marsh as belonging to the skeleton of a fossil horse of
Pliocene time.! These rhyolites, according to Mansfield, extend west-
ward from Yellowstone Park along the northern parts ‘of the ranges
into the Fort Hall Indian Reservation, not absolutely continuous, but
the oceurrences are S0 NUMErous and the characters of the rocks so
similar that there seems little reasonable doubt that the rhyolitesin
that region and the Yellowstone National Park are of essentially the
same geologic age. He mentions that the rhyolite and the Salt Lake
formation are here interbedded and associated with beds of voleanic ash.

Similar views are shared by Kirkham,? who shows that the Salt Lake
formation with intercalated and overlying flows of lava extends almost
continuously about ithe margin of the upper end of the Snake River
Plains and that the upper flows are continuous with those in Yellow-
stone National Park. These relations have been observed by the writer,
who has also traced the flows to the Park from the region near the
Fort Hall Indian Reservation.

Outcrops between the Fort Hall Indian Reservation and Cassia
County are not absolutely continuous, but oceur at sufficiently close
intervals in the region to make it certain that they belong together and
that their separation is due only to erosional stripping. Because the
stratigraphic relations, lithology, and other factors are so similar be-
tween the series in Cassia County and the region described by Mansfield
and Kirkham and because the voleano-sedimentary series is beneath
similar essentially continuous sheets of acidic lava, the suggestion is
very strong that the two ase of the same age and remnants of a former
continuous blanket deposit. Since the present report was written,®
Kirkham has further suggested that although no definite flora or
fauna from the Salt Lake formation has as yet been determined, it may,
from its relations to the rhyolite, eventually prove to be contempora-
neous with the Payette formation. The Salt Lake formation would
thus be equivalent to the Payette formation and belong in the Middle
and Upper Miocene instead of in the Pliocene epoch. Blackwelder,*
who has studied the Salt Lake series in the region of the Wasatch Range
in Utah, also considers the formation to be not younger than Miocene.

QUATERNARY SYSTEM

The rocks of the Quaternary consist for the most part of uncon-
solidated sand, gravel, and mud that occupy the floors of the larger

1 11.8. Geol. Survey Geol. Atlas, Yetlowslone National Park folio (No. a0), 1896,

2 Kirkhawm, V. . D, Pamphlet 19, op. cit., p. 34,

1 Kirkham, V. R. D., Snake River Downwarp, Jour, ol Geology, Vel. 39, 1931, p. 472,

4 Plackwelder, Eliot, Wasutech Mouniains revisited: Bull. Geol. Soec. Amer. abstract, Vol. 35, 1925
pp. 132-33.
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valleys and the broad aggraded desert basing between ranges; and of
coarser or finer debris, less well stratified, which has accumulated here
and there along the lower slopes of the mountains. Most of it is the
result of fluviatile action where the products of rock disintegration and
decay have been washed from the valleys and slopes of the mountains
into the structural depressions and basins, its deposition aided in large
part by damming of these basins by flows of Snake River basalt. Some
of it, however, is the product of glacial activity, but these deposits are
not nearly so extensive as the others, and have for the most part been
masked by the younger debris carried down from the same localities.
In some places acelian deposits are extensive.

The Quaternary deposits are all unconformable upon older rocks
and range in age from Pleistocene to Recent. 1t was not found prac-
tical to separate them in mapping.

PLEISTOCENE SERIES

The Pleistgcene series includes most of the Quatemary deposits,
although it is hot always easy to draw a line between them and the
deposits of more recent age. Most of the waste now in the broad basins
is unquestionably Pleistocene in age and its deposition may even have
started in the Pliocene. The extensive and thick alluvial-fan deposits
at the base or on the lower slopes of the mountains were mainly com-
pleted during the Pleistocene and have received only minor contribu-
tion since. Terrace deposits in connection with old Lalke Bonneville
are also Pleistocene. Deposits of two glacial stages are present, but
morainal forms of the earlier have been much subdued and mainly con-
cealed, whereas those of the younger, although fresh and unmodified,
are only locally abundant. For convenience the Pleistocene deposits
will be described as hill wash and older alluvium, glacial deposits, and
aeolian deposits.

HILL WASH AND OLDER ALLUVIUM

The lower slopes of most of the hills and ranges are covered with
rock fragments and soil which effectively conceal the underlying forma-
tions. In the main this material is poorly sorted or without definite
arrangement, but in places it merges with fluviatile deposits and
becomes a part of the vast alluvial plain at the base of all the ranges.
The upper limit of the deposits, as mapped, is the general line that
marks the outcrop of the older, underlying formations, or the line
where the debris of these rocks is sufficiently characteristic and abund-
ant to indicate clearly the strong probability of their occurrence be-
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neath., The line is much generalized, especially where it lies between
the Tertiary sediments and hill wash. It was especially difficnlt to
mark the boundary between the alluvium and the older rocks about
the margin of the Sublett Range and in some places a line taken a mile
or two on either side would have served as well.

Near the borders of the mountains the deposits have been slightly
trenched and the surface has been made somewhat irregular, but away
from the base of the ranges the alluvial plain has a smooth surface, in
places floored with gravel, but usually concealed by aeolian soil. The
materials of the hill wash and older alluvium are mostly local or derived
from nearby sources and are composed of pebbles and sands of quartzite,
sandstone, limestone, and chert. On the south slope of the Black Pine
Range the hill wash and alluvial-fan material are relatively thin. The
thickness in the center of the basins could not be obtained, but probably
ranges from hundreds of feet in the smaller basins to a thousand feet or
more in the center of Raft River Valley.

Terrace deposits are extensive only on the southeast and east slopes
of the Black Pine Range, where they form a series of sloping beaches,
each corresponding to a stationary period in the development or history
of old Lake Bonneville, From the position of these terraces, in part
upon alluvial fans or the piedmont alluvial plain, it is clear that the hill
wash and piedmont deposits were largely completed in the pre-Bonne-
ville epoch and so are of Pleistocene age. ‘

OLDER GLACIAL DEPOSITS

Moraines and outwash of an early epoch related to the carving of
the broad U-shaped valleys in the Albion and Raft River ranges and
South Mountain are poorly preserved. Such deposits have in large part
been smoothed over and largely concealed by younger deposits. Gla-
ciers from the basin between South Mountain and the Albion Range
extended to the edge of the plain a short distance south ‘of Oakley and
left there an outwash plain of fine materials alorig with occasional
quartzite erratics. At the same time ice also crossed the Albion Range
and deposited moraine in the Almo Basin several miles from the edge
of the mountain. In a few places irregular topography still obtains,
although greatly reduced from its former dimensions because of filling
from the higher slopes. Glaciated quartzite boulders are common, but
granite has apparently long since weathered away. The outwash
merges and is mainly indistinguishable from the other alluvial deposits
in the Basin. Much outwash was also deposited on the south side of
the Almo Basin derived from glaciers in the Raft River Range.
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Glacial deposits may be recognized in other parts of the Albion
Range, particularly on the east side. Moraine from both the Malta
and Albion ranges end in steep banks within a few dozen feet of one
another south of Elba. IKrratics rest high on the alluvial siopes border-
ing Conner Creek. Large angular guartzite boulders are common in
the Albion Basin near the foot of the mountain southwest of Albion.
Only glaciers could transport such boulders and carve such wide
U-shaped valleys in the resistant quartzites of the range. Most of the
basin filling was probably accomplished before or during the glacial
epoch. In places erratics occur on the west side of the range, but
glaciation was not nearly so exlensive on that side.

Extremely high and steep alluvial slopes occur on the northeast side
of the Black Pine Range, now deeply trenched by valleys issuing from
the range. These abnormally steep and partially dissected slopes might
represent moraine and outwash from early glaciers, whose present sur-
face is stranded about 500 feet above the present valley floors at the
edge of the m’oqntain. A lower terrace in the trenched alluvium might
record the outwash of younger glaciers; this terrace now 200 feet above
the present valley floor. A few miles to the east these high terraces
descend to the level of the Lake Bonneville terraces, Unfortunately,
the gravel in these high terraces stands in steep smooth slopes and it
was not found possible to examine the deposits in detail or learn much
of their character.

YOUNGER GLACIAL DEPOSITS

The only glacial deposits of younger age were definitely recognized
in the Albion Range high above the alluvial basins and usually not
below 7,600 feet A.T. These deposits are characterized by extreme
freshness in form and materials and occur below the glacial cirques near
the top of Mount Harrison and below Independence Lakes on the north
side of Cache Peak. Lake Cleveland is held in large part behind a
morainal dam. Deposits continue only a short distance below the lake.
Moraine is more extensively developed below Independence Lakes and
not only confines the five little lakes in the basin at the head of Green
Creek, but actually descends to the very foot of the mountain on a
gradient so steep that from a distance the morainic forms appear to
overlap one upon the other. Subsequent drainage has done very little
to modify the form of the drift and outwash.

ABOLIAN DEPOSITS

Windblown deposits are conspicuous only in the northeast part of
the district in the broad basin between the outlying hills and the main
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Sublett Range at Heglar, at the north end of the range near the Snake
River, and to a lesser extent on the slope east of Sublett post office.
A smaller area also lies on the east slope of the Albjon Range north of
the town of Albion. Areas of aeolian deposits may be distinguished as
the only places where dry farming has been successful, and, unless the
slopes are too steep, are marked by summer fallow or wheat fields.
They are found mainly on the leeward side of ridges or hills where
check in wind velocity has permitted settling and aceumulation of dust.

The deposits are typically loess, in color and texture and in ability
to stand in vertical banks. Lack of horizontal lamination and a dis-
tinct vertical parting also favors their wind-born origin. North of
Heglar the loess has been submaturely dissected and the surface is
closely similar to the rolling Palouse Hills in the northern part of the
State. The deposits show great range in thickness from a mere film
where the wind sweeps across the ridges to 50 or 100 feet or more on
the east slopes and to even greater thicknesses on the floors of sheltered
basins, Along the Snake River, a mile or two to the north of the area,
loess banks a hundred feet or more high may be seen from the highway.
The loess deposits near Albion are not so thick and do not entirely
conceal the older formations below.

The source of the loess is in part from the fine silts blown from near
the centers of Raft River and Goose Creek valleys and c‘-arried to the
northeast by the prevailing winds, but most of it is probably of glacial
origin and has its source in the outwash of the early glaciers. Both
areas of loess accumulation are in the direct path of .the ‘prevailing
winds from the main centers of glaciation in the south end of the Albion
Range and the outwash plain near Oakley.

RECENT SERIES

ALLUVIUM

In the broader valley bottoms and along the courses of so many of
the larger streams, such as Raft River, Marsh Creek, Sublett Creek,
and Cassia Creek, are narrow bands or broader areas of commonly well
sorted and fine or locally gravelly flood plain deposits. In some places
these merge gradually with the older alluvium plain, but more gener-
ally they lie between low blufis.

Landstides also are abundant, not only in the Malta Range where
the volcano-sedimentary series has especially prepared an unwieldy hase
for such movement, but also in the Sublett Range, where the over-
steepened valleys of the Blackfoot cycle have favored mass-movement
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of debrig into the valley bottoms. In places in the Sublett Range
valleys have been partially filled by these slides.

IGNEQOUS GEOLOGY
GENERAL OUTLINE

The igneous geology in eastern Cassia County is represented by
intrusions of granitic rock and by extrusions of acid lavas and basalt.
These have oceurred in different epochs in the Tertiary period, begin-
ning first with the intrusion of plutonic badies either late in the Creta-
ceous or early in the Focene. Next oceurred the extrusions of latites
and perhaps other acid lavas, locally basalt, during the lale Payette
epoch, probably late in the Miocene or early in the Pliocene. Last was
the extrusion of the Snake River basalt rather late in the Quaternary.
Fach of these has followed certain periods of structural unrest and each
is in no way related to preceding or following periods of volcanism.

These rocks are less widely distributed in eastern Cassia County
than the sedimentary rocks and less widespread than in adjoining areas
on the west and north. Very likely Cassia County was at one time
entirely blanketed by lavas of the Tertiary epoch, but due to later
mountain-building movements such rocks have been largely eroded
from the higher lands and concealed beneath alluvium in the depressed
areas, Nevertheless, large areas of each kind remain within the dis-
trict. Flows of Snake River basalt were added well after the develop-
ment of the present topographic features of the distriet.

INTRUSIVE ROCKS

DISTRIBUTION AND EXTENT

Intrusive rocks oceur as a large stock or small batholith, to which
the name Cassia batholith has been given, as smaller stocks or cupola-
like masses which comprise higher parts in the roof of the major hatho-
lith, and by smaller dikes of associated pegmatite. These cover more
than 60 square miles, mainly in the southern part of the Albion Range
and in South Mountain. The Cassia batholith has its southern end
about two miles north of the Utah line and forms the core for most of
the south part of the Albion Range. It extends northward over Cache
Peak and far down its western and northeastern flanks. Outliers extend
as far north as Conner Creek and Cottonwood Creek in the northern
section of the Range and appear frequently along the west slope of the
southern section. The two most northerly stocks are in valley walls
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and are undoubtedly continuous beneath the quartzite capping which
separates the two valleys. Those on the west flank of the range repre-
sent higher cupola-like bodies rising above the larger Cassia batholith
and are continuous with each other and with the greater body benea.t.h
2 thin shell of the pre-Cambrian quartzite series. The granitic bodies in
South Mountain appear mainly in the steep eastward facing scarp be-
neath a thin capping of the pre-Cambrian strata. Outligr§ here, t'oo,
appear along the more gentle westward slope.‘ This granitic body is a
part of the main (Cassia batholith in the Albion Range a.nd has‘been
brought to its present position overlooking the intervening basin k?y
comparatively recent faulting, which has separated the South Mountain
block from the Albion Range. Had erosion continued everywhere to an
additional depth of 500 feet the granitic rock now exposed at the surface
would probably have been more than doubled. .
Frosion has carved more deeply into the eastern side of the Albjon
Range, especially south of Cache Peak, and has there exposed much
more of the balholith. When once the resistant quartzite she_]l was
pierced erosion in the granite was comparatively easy an.d rapid and
the elongated basin-like area that contains the Cassia City of Rocks
was carved. From this basin an excellent vertical section of the batho-
lith may be had. Its walls plunge somewhat more st?eply than the
glopes of the range and the dips of the overlying sedimentary strata, atn.d
the body thus grows larger with depth. More than 5,000 feet of gram_t\c
rock is exposed from the top of Cache Peak to the bottom pf the basm.

STRUCTURAL FEATURES

The Cassia batholith has the characteristic features usually assigned
to batholiths; that is, it forms a plutonic mass exceeding 4_0 square
miles in surface area. 1tis dome-shaped and has steeply plunging walls,
without apparent bottom. In places its contact with the invadt_ad strz.lta
is sharp, but more generally there is a transition zone between mvad1_ng
and invaded rock. This zone is usually not more than 100 ft?e.t wide
and seldom more than 50 feet. Through this interval the granitic rock
appears to merge gradually with the quartzitic strata and .it is usually
impossible to fix a precise boundary between the two formapops. Mgch
of the outer part of the batholith and the stocks has a gneissic bhanding
and this structure is carried into the sedimentary strata, adding to the
difficulty of separation. Quch transitory relation suggests a'marked
infiltration of magmatic material from the igneous body . 1.nto the
invaded strata during the intrusion. In most places the transition zone
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is slightly darker in color than the rock on either side, due mainly Lo
enrichment in biotite.

Jointing is a pronounced structure in some parts ol the batholith
and its outliers, and locally plays an important role in the origin of the
curious forms in the Cassia City of Rocks. Much of the batholith in
the City of Rocks area is cut by widely spaced joints, often outlining
blocks as much as 30 to 40 feet across. In places, however, the joints
are more closely spaced and locally produce a sheeted structure in the
granitic rock. Usually the jointing is not noticeable except where
weathering has accentuated the joint fractures. One set of joints trends
to the northwest, another to the northeast, and a third set is nearly
horizontal.

PETROGRAPHY

GRANITIC ROCKS

The batholith and its outliers are composed of rock ranging from
granite to granodiorite in composition, with granite usually as the outer
border of the bodies and the granodiorite as the great inner core. This
order of gradation is the reverse of that usually found in plutonic bodies,
for normally, granodiorite comprises the marginal zone and the more
acid rock the inner part. The two main facies may in part be distin-
guished by texture. The granodiorite has an even grain, whereas the
granite is porphyritic and usually gneissic. In this way the batholith
shows a progressive change from a medium to coarse even grained rock
in the central part to porphyritic rock outward; at first faintly gneissic
but becoming increasingly more gneissic toward the margin, passing
locally to augen gneiss. Smaller bodies differ from the larger only in
having the characteristics of the outermost part and have rarely the
composition or texture of granodiorite.

Most typical of the granodiorite facies is the core of the batholith
in which the Cassia City of Rocks is carved. Near the south end of
the Rock City the granodiorite is light gray to nearly white and is of
medium to medium-coarse grain. Smoky grains of quartz are numerous
and are in a chalky white feldspathic mass, together with a liberal
sprinkling of partially altered biotite fiakes. Tn eommon with most of
the rock in the area, it is friable as a result of granular disintegration and
is readily reduced to sand. Its texture is typically hypautomorphic
granular in thin section and its dominant constituents are oligoclase
(639,), quartz (25%), microcline (12%), and biotite (79%), and its
accessories include magnetite, zircon, and apatite. The oligoclase shows
considerable zoning and has irteriors as basic as acid andesine. Crys-
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tals are always twinned polysynthetically and this twinning is oceasion-
ally combined with that of the carlsbad and pericline laws. The plagio-
clase is much altered to large flakes of secondary white mica and has
occasional seams or veins of a clay mineral. The latter is a product of
surface weathering, but the development of muscovite is the result of

a deep-seated process. The microcline forns large enveloping grains.

and shows from its cementing relations that it was the last mineral to
complete ils crystatlization.  Its twinning is usually indistinct. In
sharp contrast with the plagioclase, the micracline shows only slight
alteration to kaolin and sericite. Biotite and quartz show no unusual
characters, the biotite oceurring in seattered leaves or flakes partially
calteredeto chlorite, and the quartz in rather large anhedral graiss.
Zircons are unusually plentiful. In addition to the secondary prodlﬂrt
‘alreadj'(rgiven, are epidote and zoisite.

Near the head of Circle Creek the rock shows some notable differ-
ences, mainly in a greatly increased muscovite content and locally in
the development of tiny reddish garnets. This rock is also of medium
grain, has a light gray color and is composed entirely of light minerals.
It has the usual hypautomorphic granular texture and is composed
essentially of quartz (449}, acid andesine (30%,), microcline (129%),
muscovite (8¢7), and garnet (3%, and with magnetite, apatite, and
zircon as additional accessories. Quartz is exceptionally abundant, but
the batholith as a whole is comparatively rich in silica.” There has been
no change in the mineral relationships, but occurrence of..so much mus-
covite and garnet suggests that pneumatolytic action has been promi-
nently connected with the intrusion. Muscovite is prominent through-
out much of the body, accompanied or unaccompanied by biotite, and
for the most part the inner core might be classed as a muscovite-
biotite granodiorite.

Toward the margin the rock maintains essentially its same coarse-
ness of grain, but scattered phenocrysts appear and these form much
larger sizes. Most of the phenocrysts are from one-fourth of an inch
to one inch long, but some attain a jength of as much as six inches.
With this change in texture most of the rock also assumes a faint gneissic
banding, which becomes increasingly more pronounced in the outer
marginal zone. In all places examined the marginal rock has the com-
position of granite with the large phenocrysts composed of microcline,
but the other minerals are essentially those in the granodiorite. A
specimen from the stock on Cottonwood Creek in the north section of
the Albion Range is representative of the non-gneissic facies. It shows
numerous large microelines in a ground mass of medium grain composed
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of quartz, oligoclase, biotite, and muscovite. The microcline is the
most striking, for it tends to hold an idiomorphic outline, yet its outer
borders are minutely irregular where it penetrates and partly wraps
around other minerals. Often it holds rounded grains of other min-
erals, particularly quartz and plagioclase. Qtherwise the rock 18 no
different from the granodiorite, except for its greatly increased micro-
cline content. The oligoclase has altered almost entirely to a sericitic
mass, but the microcline shows scarcely a sign of alteration. Quartz is
abundant and tends to form granular masses. Accessories are zircon,
magnelite, apatite, and rutile.

Specimens from the stock on Conner Creek and from the north side
of Cache Peak are representative of the gneissic prophyritic granite.
These differ from the rock just deseribed in that the sections are
streaked with finely granulated zones of quartz and feldspar and with
similarly disposed zones or lenses of coarse granular quartz in which
biotite plates or flakes are arranged paraltel to the banding or schis-
tosity in mueh the same way asin a recrystallized micaceous quartzite.
Eixcept for the granulated zones or cataclastic structure and the more
or less pronounced parallel orientation of the minerals, the rocks have
the same list of minerals in the same proportions and in the same rela-
tions as in the non-gneissic variety. Alteration of the oligoclase to
secondary white mica is probably more pronounced, but the microcline
remains perfectly clear. The biotite occurs only in the guartz masses.
Accessory minerals as well as secondary products are the same as before.

The gneissic shell or transition zone has essentially the same com-
position as gneissic granite, but its gneissic structure is much more
pronounced and cataclastic structures are mueh more evident. The
zone is mostly represented by a coarse grained strongly banded lenticu-
lar gneiss composed of alternating quartzose and feldspathic lenses or
seams, the quartzose parts rich in biotite. Yome layers also alternate
with seams of nearly pure pegiatitic material. Asin the gneissic granite
the quartz occurs mainly as granular aggregates in lenses or seams with
parallel orientated biotite, but the microcline and plagioclase lie in any
position in the border zones. In general the microcline predominates,
but locally it is subordinate to the oligoclase. The microcline invariably
holds numerous inclusions or remnants of quartz and oligoclase and
also shows less alteration to white miea than does the oligoclase. Large
fiakes of muscovite are commonly present and also the usual accessories
of the granite, such as zircon and magnetite. Garnet also appears as
an unfailing constituent, but it is always very subordinate. The rock
continues to show increasing amounts of quartz as it nears the little
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altered quartzite. Large muscovite flakes and minor amounts of feld-
spar continue in most places for some distance into the quartzite.
Locally, instead of such a feldspathic shell, the border is dark colored
and composed largely of hornblende, with lesser quartz, epidote, titan-
ite, oligoclase, microcline, and zoisite.

Such changes in the texture of the rock from massive in the center
to gmeissic at the margins of the bodies may perhaps be explained on
the assumption of powerful lateral pressures during the crystallization
of the rock, a process designated by the term piezocrystallization. Dur-
ing such action, the plagioclases are commonly said to be broken down
to form microeline.

PEGMATITES

Pegmatite dikes and sills are not especially numerous about the
main batholith and most of the stocks, but they do show in great abund-
ance in the upper part of the granite and the overlying shell in South
Mountain and attain their maximum development in the southern part
of the mountain near the Utah line. These apparently constitute the
only differentiates of the deep-seated granitic masses, unless the quartz
veins in the north should also be so regarded.

The pegmatites range from thin seams to lenticular bodies 50 feet
or more across and several hundred feet long. In general ‘they have the
texture of coarse-grained granites, but some are cornposed ‘almost wholly
of graphic granite. The minerals of the pegmatites are not especially
large, although some of the pegmalites near the Utah line have been
prospected for mica, but neither the muscovite nor the biotite crystals
exceed two or three inches in diameter.

Specimens from a large pegmatite on the upper slope of South
Mountain and typical of all the pegmatites in the district were exam-
ined microscopically. The body is composed of a light gray or white
coarse-grained rock, in part coarsely granular but in part graphic, made
up of milky white feldspar, grayish quartz, and muscovite. Some of
the muscovite flakes are two inches or more across, but much of it is
in smaller scales and crystals. The feldspar is also less than two inches,
but locdlly at least as in the Cassia Cily of Ricks, cryslals six inches
long have been weathered out and occasionally are strewn on the sur-
face. In addition to the minerals listed the microscope reveals minor
amounts of garnet, zircon, apatite, titanite, rutile, magnetite, with ocea-
sionally columbite and sericite. The feldspar is oligoclase, approaching
albite in composition, and is invariably intergrown with orthoclase as
antiperthite. Some of the quartzis 2 late introduction and forms vein-
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lets cutting the other minerals. One such veinlet contains scattered
garnets.

The pegmatites have apparently had a profound influence on the
metamorphism of the quartzites, for the transitional shell attains its
greatest thickness in areas where pegmatites are most abundant. In
these areas large flakes of muscovite are also developed in the quartzites
long distances from any observed granite rock. The metamorphism is
undoubtedly the result of the transference of volatile constituents from
the intrusive magma and such volatile matter would be especially con-
centrated in the areas where pegmatites are now most abundant.

AGE OF THE INTRUSIVES

The Cassia batholith and its outliers may be assigned with consid-
erable assurance to the late Cretaceous or early Tertiary and may be
correlated with the intrusives of that age in the Rocky Mountain region
rather than with the late Jurassic intrusives of the Coast region. 1t is
believed that the main epoch of folding and faulting in southeastern
Idabo! has been a part of the great mountain-building disturbance that
came in the interval between the end of the Cretaceous period and the
early part of the Tertiary, generally known as the Laramide revolution.
At this time the great low-angled overthrusts, such as the Bannock
overthrust in southeastern Idaho, and the Albion overthrust in Cassia
County, eame into being. The Albion Range is carved mainly in an
overthrust block of pre-Cambrian sediments resting upon Carboniferous
strata. Unfortunately the intrusive bodies were not seen 1n contact
with the Carboniferous rocks, but veins related to the intrusive pass
from the younger Lo the older overlying rocks, proving that the min-
eralization followed the completion of the overthrusting and that the
granitic bodies themselves are probably younger than the overthrusts.
Sueh relation favors an early Tertiary date for the intrusion and links
it with the early Tertiary intrusions in Utzh.

The Cassia batholith is probably an outlier of the well known Tdaho
patholith. Although the Idaho batholith has generally been regarded
as of late Cretaceous or early Bocene age, Ross?® considers the evidence
rather indefinite and suggests that the batholith is probably as old as
late Jurassic or early Cretaceous, or the same age as the Coast Range
batholiths. Should the Cassia batholith actually be an outlier of the
Idaho batholith, as the writer strongly believes, the evidence in Cassia
County would tend to affirm the earlier assignment of the intrusives to

I Mansfield, G. R., Prol. Paper 152, op. cit., pp. 169-170.
2 Noss, C. P., Mesozoic and Tertiary granitic rotks in [dahe: Jour. Geology, Vol. 36, pp. 673-683, 1928
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the late {retaceous o early Fovene. Thut the Cassia batholith does
nol belong Lo the vounger mranitic rocks of Miocene age (7, recognized
cleowhiere in the State’ s certain, for the Upper Miocene or Lower Plio-
cene livas rest on Lhe eroded surfaee ul the body in the City of Roeks
aren.

WEATHERING OF GRANITE

Wenthering of the granile rock n the distriet takes on an added
interest, for in it les the explanation of the woird amd fantastic Torms
in the Cassin City ol Rocks. The weathering of the pranite here 1s ot
vastly dilferent from the weatheriug of similae roek inarid and semi-
arid regions olsewhere, hut the results obtained are fay more striking.
Most of the weathering may be aseribed 1o a form of granular disinte-
gration in which the anite is reduced o an arkosic sand of remarkably
fresh appearance.  Studies of the disintegriaed produets show that Lhe
feldspars are scarcely atered or alfected by decomposition and the io-
Gite no maore than partiathy decomposed, The Hoor of the basin in which
the City of locks stunds is strewn with the [resh arkosic sands admixed
with more or less silt and orginie malfer, Studies of 1he more or less
disintegrated materials stifl reluined on the outerop show the same
freshness of wrain, with only SJight evidence of chemical decay along
clesvages, crystid houndaries, and ractures. When hiocks or slahs of
such rock fall from the ledge or mronolith, they are al oncee redueced Lo
sand on striking the ground and bueiese of their digintegrated condition
sebdom aecumulate as fragments Wlate V1L 13 Plate VI Mineral
prains may be readily detached rom most of the surface outerops, and
masses of rock, apparently firm, are readily broken to bits with but
little effort,  Such disintegration of granite is rather characteristic or
tvpical of the wenthered  granites in dueserl regions and has been
deseribed hy Feonunl®in the arid parts of Avizona, by Blackwelder® in
the arted parts of the western United States, and by Barton? m the
ahmost rainless parts of Baypl. homost places the ubsence of rock
fragments al the huze ol the tedges or outerop and the deep massive
granular disintegralion are e most notable features.

Massive wranular disintegration is not the only process active in the
Cassin City of Rocks aren, but another process, that of case-hardening,
i in many plaves of equal importanee, amdl Lhe two together distinguish
this area [rom most of the others and secount for most of the unusuil

1 e 7,10, dour, Gondogny, Vel 2 g il b Amberson, AL L, Genlogy and ore deposils of the
P Cre b 1 vt Ldadee Binvan ol Al st Lakegry Pramplhide U2, ppes 212250 [

S laemund, 1L 1 dnodestal rovks Cesultong Tromn alisintegrativn Jour Geodogy, Vel 35, 1027, pp.
1Gd-17 L

Y Rlackwehber, Fhor, Balohadion et went Leprn ihid Vabl RS T2, pir T30,

Vol 13 U The sheindegatmn L greanite i Facps abind Vol 2L VTG, pp 182003,

FDATTO BUREAT OF AMINES AND (SR ROTIR] Grreens L, oare M

: ) . .
oo T
e ’,{‘,‘J ?
doe -\.".M"a‘t'l‘ jek TN
i
R S R T RV N T PO B L [ B RN el S HA RN RN
S e slpeln RSRUETARE c e coantn s b e P b b cre sk Tl

Vop ol the rork Nt o e v d unpretoesal e 1he
e an o erlnirsam 0 Mkt i bl e e
T R TR AR L] T T RIS R TURRt T IE BN SR LTS S RN ST

P 1ot

sl s b gt e b @
st s ol e ot jores
s b v v b ol e e

P O HOLLOoWS
e Bindlows in 1M si:ln‘j Wl the by powk e e intepestingg fentur s Wl prondiiesad thramgh
removal of the grannlac A=ttt Sl fe Dene st By e onter ieupsntild el sthove Note theesen
ar Tretbed ~urbines of Yhy gt (R houpl etelned by sonue pawesful solvent. I esehsrdlening mGan
eapliite Vhis oo sk, ebiemiead el phyeicad pndunation,




TG BUREAE 0 AIINBES AND GREOLOGY Buetenis 11, Prate NI

AR P I L R 1 I B

Pl st b i o 0 8 s 1k
Wi for a0 bt Vit b e st

Wl The ol i by
and pranudar dise

Aew o Tl
TIERCSST]

) C i DR 3 tian
E [T LHYR AT sobtne witer sl e v
IR LI a3l K ! e
.lu‘hlln] |‘\|- HRt Al d the S IR L T P TI ERTLITTIONY L_lllmlw T
Wl e b bt b The b el Lo 1 pevviele e e af 1l e sori=bonleo b tal s,
' ol e el el Sl nae - one i thae sl

R, SR ETON Ko K
i e : F al e s b easelardencd <held,
HE < o " -y tocan v anessd s baze ok ot adl thad eematne
firaadan dtntesoaion ba e ' Eravees e buneee - are thas formed, namy of
Dt od Tars =t armnl st nebimg oo il ol e~ e o thnanch the eocks,

Wik have raraacd e eyt away the b s ran b

GEOLOGY AND MINERAL RESOURCES (4 EASTHIN CASSIY COUNTY Hn

and bizarre erosionul forms,  One generally finds that (he outside of
the partly decayved rock is more coherent than (e inner part.  In most
cases, but not in all, the exterior bus been hardened by 1 deposition
of iron oxides and other minerais under the influcnce of aridity. 1 is
this indurated or case-hardenesd shell (hat serves preatly (o 2treagthen
the disintegrated rock and to prevent it from Being more rapidly
removed by crosion.  Fxeavation proceeds largely heneath sueh exlop-
nal crusts. The nuture and elfeci of this surtaee induration is well ilhis-
trated in Plute 1N, A where the upper surlice of the Giant Toadstool
has been strongly hardened and forms an overhunging cap, profecting
the massive granular disintegrated rock below.  Dilterence in the Lwo
parts of the hody is seen not atone from the unequal resist: 1ce of hoth
parts to erosion, hut in their cotor as well, the upper surface crust D
darker in color and stuined considerably with iron ovides. I the
mdurated shel! were to he examined more closely, 115 surfaee would he
seen 1o be unequally hollowed or fretted as (hough hiving been cor-
roded chemically, whereas the lighter colored rock helow woutld show
a smooth surfuce or only thin exfoliated plates,  More detailed oximi-
natton of the indurated upper swrface and of the unindurated rock
betow is afforded in Plate X1, A, where the contrast in color and the
pocking of the surfuce is especially pronounced, The overhang serves
to afford protection for the rock below, bul as particles of the disinte-
grated rock are dislodged or as fragments seale off, undercutlting of
the upper shell oceurs and windows or niches rosull, which show to
good advantage in Plates N1, B, and NI, A, Removal of the disin-
tegrated rock may proceed beneath the ease-hardened erust untsl very
unusual and striking forms are produced.  The figure illustrated in
Plate XTI, B, is an example where remaval of the disintegrated rocl
beneath has progressed to an advaneed stage, witl {he prouduction of
averns and tunnels through the rock,  Among the Torms resulling
from such action are large wnd smali hollow houlders, muny of them
consisting of only a thin shell. Some of them have an opening {rom
the side or bottom through whicli a man muay erawl inside, but mony
have only small openings on the bottom and aiso on the side not much
farger Lthan o man’s head.  These may conneel with fonree chamboers
inside.  One of the large hollow houlders is shown in e NI, AL
This plate in addilion atfords a more detailed view of he trregular ease-
hardened surface and the smooth or slightly scale-lile or exfolind ed sur
face on the inside. One of the most curious forms of 1his kined is the
pedestal rock shown in Plate [N, B, This block or sse-hardened
boulder is balunced on the top of 4 narrow st more (han 15 feet
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above e ground.  In the lower side of Lhe boulder is an opening from
which the Teldspathie sands hive heen removed, leaving the balanced
rock nemly an empty shell. Other eurions feutures developed as the
result of erosion through The case-hardened shelb or erust are the nume-
rous depressions or “hath tubs™ on the tops of many of the lurge rock
masses such as iloustrated o Plate N B0 Puring heavy rainfalls
the running wider has cut through the surface <hell into the disinte-
prated rocl beneath, rapidiy remaving e loosened rock and {fashioning
flat-hottomed depressions ar “hath tuhs,” some of them as much as
four feet deep, These have always w low outlet through which the
cands have been washed. S8ome of the depressions have o Lhin veneer
of arkosie sand, but most of them have o amooth hard floor, for the
windd s also elfective in removing the debris,

Speciments of the case-havdened rock wore exatiined mieroscopi-
cally, and these showed the same Kind of pranular disintegration as the
roek below, but generally to lesser degree: and ihe fractures and cleav-
ages were mainly Glled with clav-like products of decomposition, and
to lesser extent with iron hydrtes, These products apparenthy did
not result from the decomposition ol the winerals in which they were
in contact, bul have ohviously been deposited from solutions which
have permented throwgh the rock. These materials tewd Lo eement the
disintegrated rock parfieles and prevent the rock from erumbling as in
the roek deeper down,

Leonard.t who has deserihed pedestad rocks wnd reluted erosive [ea-
fures oevurring particulely in desert repions, has shown that pranular
disintegration s e prineipad process of weathering involved, and
resubls nuinby from insolation, although Mrost action and the wedge-
work of salts are no douhl minar contributory factors. Some of the
Tormes e deseribes aee similae but not so strikmg as those in the (assin
City of Rovks. That sueh disintegration is due maindy to insolation i5
not borne vut by the evidenee iy Cassia Counly, inasmuch us the most
extensive wenthering or disintegration is some distance within the rock
miass or heneath the ease-hardened shell and especially m the parts ol
the rock masses most shiclded from the ravs of the suan. Blackwelder®
has shown that daily temperature changes alone are guite inndequate
o cause such hreakage, and from field and laboratory evidence he con-
chudes that insotation s not an important factor in rock weathering.
Similar views are held by Barton,’ who has studied the weathenng of
granite in the almost rainless distriets of Fpvpt, where the granitic
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Blocks in that hot and dry region show granular disintegration far below
the depths affevted by temperature changres and are most wealhered in
places protected or shielded from the sun'sravs, Poth Blackwelder and
Barton believe that such disintegration may be attributed directly or
indirectly Lo the effect of moisture and present strong evidence in sup-
port of thelr convietions, Plickwelder espeeinlly stresses the ahsorp-
tion of water by eolloids imd the ehemical decomposition of minerals,
notably by hydration wnd oxidation of the silicites. Suceh products are
not abundantly developed in the granite waste, but not mueh decom-
position is necessary to provide for the expansive force needed to disrupt
the rocl or loosen it The expansive force induced hy the erystaliiza-
tion of sceondmry minerats of Targer volume along cleavage cracks of
crystals and between mineral grains is adl that s necessary.

Phe principal process ol weathering involved in the production of
the particular erosional forms in the Cossia region seem to he chemical
and the work hiag been performed by solutions which penetrate slowly
alongs The eleavage eraeks in ervstals and between mineral grains ad
there induce the formation of new minerals of larger volume. Although
the degree of decomposition appears to be slight, the amount of hydra-
tion and other chemical changes is sullicient through inereased volumes
to disrupt o disinfegrate the roclo into the condition now found existing
in the region. These siight changes may be noted throughout the rock
in thin sections, though not always apparent to the unaided eye. During
the dry season the sun quickly dessicates the onter side of the rock
zsses after the oceasional rains, and that moisture which has pene-
trated Tar into the roek through the minute fractures, and that which
remains on the shady undersides continue the chemical worle Tor o
much longer e and promote greater disintegration. As the oater
or near ouler surfncee of the roek masses tend (o beeome dessicaled,
capillary action draws water from the interior of the rocks and with
them dissolved sulls and colloids, and as this capillary water in turn
eviiporides a1 or near the surlface iC deposits its borne substances, thus
cementing or closing the fractures in the vock snd thereby strengtien-
ing the disinteerated roek by the proeess of case-lhardening.  Granular
disinteation may continie beneath the case-hardened shell as long
as moistore is retained, and i the products of disintegration are {ree Lo
fall or biow awav, overhanging ledges, niches, and hollow boulders
result.  Frost aetion or aiternate lreezing and thawing during the spring
andd autumn may aid ir rock brenkage or disintegration, bul most of
the sranular disintegration is probably the vesult of hydration and
other provesses of ehemical desompesition. Some exfoliation results
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from this action, as discussed by Blackwelder, but the amount as shown
in the several plates is usually not conspicuous. Such ecoarse-grained
rocks seemingly do not lend themselves to exfoliation processes.

Similar cavernous and pitted surfaces have been recently described
by Blackwelder,! who ascribes mechanical disintegration induced by
expansive chemical changes as probably the most important single fac-
tor involved and the wind its chief, but by no means only, aid in clearing
the cavities. He also states that the same process-complex is respon-
gible for such features as mushroom rocks, perched boulders, and other
picturesque details of the scenery of a dry region. The writer's observa-
tions confirm those of Blackwelder.

At first glance the areal arrangement of the numerous isolated out-
crops of granite appears chaotic, but it is controlled by the jointing of
the original igneous mass as discussed in another section. Joint planes
have greatly facilitated the weathering of the granite and have per-
mitted the solutions to penetrate to great depths and there to carry on
their work of alteration and attendant disintegration. At the same
time these planes have tended to direct and serve as channels for the
flow of surface walers and, widened by this action, have helped to
isolate the individual joint blocks from one another and form the high
isolated monoliths, turrets, spires, etc. As undermining of the sides of
the projecting blocks of massive rock by the widening of the joint
planes by running water and by the gravity removal of the disinte-
grated rock from beneath the case-hardened roof has occnrred, large
blocks or slabs have broken loose and have produced such forms usually
ascribed to insolation. The Cassia City of Rocks is apparently the
peculiar result of a complex set of factors involving deep granular dis-
integration and case-hardening under especially favorable climatic con-
ditions, together with especially favorable structural features, not alone
the widely spaced sets of vertical and horizontal joints, but also the
protective quartzite capping on the upper side of the basin and the
flanking ridge on the lower side which has maintained a proper balance
between erosion and weathering by not permitting too rapid removal
of the waste products such as would have occurred had erosion not been
retarded by the more resistant rocks.

EXTRUSIVE ROCKS
TERTIARY SERIES

Considerable discussion has already been given the lavas inter-
bedded with and capping the sedimentary strata in the upper division

1 Blackwelder, Bliot, Cavernous rock aurfzces of the desert, Am. Jour. Sci., Vol. 17, 1529, pp. 393-99.
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of the Payette or Salt Lake formations. In areas described hy Mans-
field' in southeast Idaho the lavas are dominantly rhyolites, subordi-
nately basalts and latites. In western Cassia County, Piper? has classed
the lava as rhyolite, although Larsen in his microscopic analyses of the
rocks lists them as quartz-tridymite latites. Sufficient specimens were
collected from the various flows over eastern Cassia County to show
that the flows invariably contain enough plagioclase to class them as
latites rather than as rhyolites. Basalt is locally intercalated in the
Series.

QUARTZ LATITE

Distribution: The same flows of lava deseribed in the Goose Creek
area extend upon the lower western flank of South Mountain and well
along the west base of the Albion Range. The flows are well exposed
in the canyons south of Oakley and along the fault scarp which has
brought the edges of the lavas above the alluvium-floored valley east
and northeast of Oakley. As the flows have been unequally eroded, it is
difficult to determine their exact number and precise thickness. West
of South Mountain two flows appear in the upper canyon walls, but in
some places only one remains, and near the Utah line it, too, has been
mainly eroded. ‘The lower flow is probably not much over 50 feet thick
and the upper not over 115 feet, In the scarp east of Oalkley four flows
appear and present a massive outerop nearly 500 feet high (Plate XV,
B). Measurements of the individua) flows were made and these show
the top flow to be 88 feet thick, the second 132 feet, the third 145 feet,
and the lowest 504 feet.

Some patches of lava are scattered in the Albion Range. The most
extensive adjoin the town of Albion and extend several miles to the
north. That adjoining Albion is a large landslide block capped by a
flow nearly 150 feet thick. Two small remmnants also lie near the south
end of the City of Rocks area, one in the fleor of the basin on the
granite and the other high up on a quartzite knoll on the west rim of
the basin. Remnants of a flow also lie on the flank of the range west
of the Elba Basin.

The largest continuous exposure is in the Malta Range. In the
north section of the range the lava surface is but little dissected or
interrupted by gullies. In the higher middle and southern sections,
where dissection has been much more extensive, the lava forms tilted
mesa-like eaps between guilies. As much as 500 feet of lavas appear
in the top of the steep eastward-facing scarp (Plate X1V, B), but again

1 Prof. Paper 152, op, cit., pp. 116-128, also Buli. 713, p. b.
2 Tdaho Bureau of Mines and Geology, Bull. 6, op. cit., pp. 27, 30.
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the number and Uhickness of the lows is variable.  Near the top of the
range west of Ldiahome three flows are certain, the uppermost at least
300 feet thick, and the one below 100 feet thick,  These are separated
hy very tittle sedimentary muterial. Nimerous detached landslide
Wocks add Lo the apparent nuimber of flows and these also conceal the
Jower parts of the series and it is therefore difficult or impossible to
obtain the exact number of Mows i the range. Farther south erosion
has removed sl but the fower thick How, Fhis one is about 308 [eet
thick.

Across 1l River Valley the upper latite Nuws have heen stripped
olf and only one or two well down in the series remain, including a flow
of busalt. A blnck. glussy latite or vhvolite flow has wide distribution,
This (low is less tein 50 leet thick, but it serves to coneeal most of the
underlying sodimentary stratu.

Deseriptivie: Differences in compuosition hetween the llows are no
greater than variations in o given (low at separaled points. Most strik-
ing differences are physical vather than chemieal. Thick flows have
wsually a blaek basad porphyritic obsidian zone from a few feet to as
much as 65 leet ihick, above which the latite is often exceedingly
vesicular. Fhe vesieular portion in turn is usually overlain by o denser
portion, often of great thickness, pinkish or purplish 11 1ts lower part
and Bluish-pry ahove, most of it with a pronounced thin platy parting
or sheeting, consisting of leldspar and Trequently quartz phenocreysts
in o felsitic groundmass,  Usually the bluish-pray facies extends to the
top of the dow, hut in some it grades upward into thin bluck por-
phyritic obsidian, not more than 15 feet thick. This sequence is not
evervwhers the =ame and some ol the thinner heds, us east of Rait
River, consist Lirgely of the black glissy {acies inclosing phenocervsts of
while feldspar and uswally quantz, Reddish tints may adso be lacking
in some and the bluish-gray eolorin others.  In general the flows in the
Malla Range have only the obsidian and the gravish felsitic facies and
those along the west horder of the district the obsidian and the pinkish
colored rock.  Portions of the flows have well developed spheralitic
siruetures in both the ohsidinn and the feisitie facies. These spherulites
commonly measure one-half to an el i diameter, hut spherulites
which measure five imches in dinmeter also occur. Some of the flows in
the Malta Linnge possess an exceptionaliy well defined columnar joint-
ing el display remarkable columnar forms (Plate X1V, Ay, Withina
short distanee the polagonal jointing may disappear and give way
instead Lo the normally thinly plated rock. Some of the flows have u
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distinet fuidad banding, hul this is usually not so pronounced in the
thivker flows,

Microscopic examination also indicates that differences in the flows
are madinly physical and bave depended wholly on the rate of cooling.
The glassy and felsitic fucies are equally porphyritie and contain the
sine phenoerysts. Dilferences exisl in the ground-mass, glassy in the
obsidian faeies and wsuadly partiolly plassy to microcrystalline in the
felsitic zones. DitTerences in the rate of ¢uoling [rom the outside to the
inside of the flows are also reflected M the presence of much tridymite
in e outer parts and of quartz well within, From the same tlow
specimens might be classed as vitreous hutites, tridymite and quartz
atiles, wuite-quartz lutites, and augrdte-tridvmite latites.  Flows com-
poseeh of Dlaek obsidian alone usualty have the same kinds and the
mne propostions of phenoerysts as the glussy facies of the thicker
flows and this relation suggests Chat these. too, are latites and not
rhyolites.  In general, the phenoerysts consist chiefly of plagioclase
creid amdesines and Josser angite and olten quartz. These normally
comprise from 20 (o 25 per cent ol the rack,

Latite collected near the south end of the Malta Range and typical
of the thick pravish-volored faeies above the tower obsidian zone may
he considered as representative of the Livain that end of the range.
1t has =eattered plagioclase faths o grayish aphanitic groundmass,
whieh in thin seetion shows andesine, oceastonal resorhed quartz and
qugate as phenoeryvses, in which (e andesine makes up about 20 per
cont of the mass, These are embedded 1 a finelv erystatline ground-
mass el iny orthoclase, olipoclase, sugite, and quartz erystals, Apatite,
sivean, and tmenetite are accessories. Bpecimens from the flows west
of Tdahome are similar, but phencerysts ave slightly more abundiant,
especially those ol augite. ‘The phenoervsts comprise about 25 per cent
of the rocl. A section of the obsidian facies shows the sume pheno-
ervsts but embedded ina phassy grovndmiass with porous streaks par-
e filed with ridynite.

aGite used as building stone by the Albion State Normal School
and quarried at the edge of the town of Albion has a pleasing purplish-
red cotor. Most of the flow is highly vesieular, even the obsidian hase,
aned most of it has a thin platy parting, but @ zone five or six feet thick
woll townrd (he center permits quarrving,  This rack is porphyrilice,
also slightly vesicular or porous adjacent Lo phenoerysts.  Andesine is
the only minerid oceurving as phenoerysts and comprises about 20 per
cont of the rock. Tt is embedded in o gray Lo reddish-brown mottled
groundmass, in part linely ervstalline but mainiy glassy with pronounced
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fluidal banding. Numerous porous streaks occur in the groundmass
and most of them are partially filled with aggregates of tridymite. This
mineral constitutes about 20 per cent of the rock. Accessories include
augite, zircon, apatite, and magnetite. Elsewhere the reddish or pinlk-
ish-tinted latites always carry tridymite and the bluish-gray rock always
carries quartz. Apparently then, color of the rock is a faetor of its
temperature of solidification. A lavender-tinted latite from a small
remnant of a flow in the City of Rocks area has laths and rounded erys-
tals of acid andesine and occasionally partiaily resorbed quartz grains in
a minutely vesicular groundmass of glass, alternating with streaks or
porous zones of tridymite, less commonly associated with minute erys-
tals of plagioclase, orthoclase, and quartz. A similar reddish-purple
colored latite above an obsidian base forms the flow west of the Elba
Basin._ It has very few phenocrysts and its main mass is glass dusted
with hematite and limonite and holding numerous porous or semi-
porous streaks largely filled with tridymite. In both places the tridy-
mite may comprise about one-fourth of the rock.

Each of the four flows in the scarp east of Oakley were also exam-
ined. These show no appreciable differences in color, texture, and
composition. Each flow is reddish tinted, varying from pale lavender-
gray to distinctly reddish, and each is more or less vesicular, and shows
fiow banding. All, however, do not contain the black glassy base.
Phenocrysts are acid andesine laths and augite in a gladsy to partially
crystalline groundmass; in either case, with porous streaks and layers
countaining much tridymite. Accessories are the same as in other flows.
Tridymite also occurs in great abundance in lava in the adjoining Goose
Creek district, and its rocks are no different from those near Qakley or
in the Albion Range.

Rock on the east side of the district shows little miccoseopie change
from that on the west side. A purplish or lavender-tinted rock from
a small fault searp southwest of Heglar has scattered plagioclase Jaths,
a few augites and rounded quartz crystals, in a partially glassy ground-
mass with porous and crystalline streaks rich in tridymite and also
carrying a little orthoclase and plagioclase. Some of the black glassy
Java so widespread east of Raft River Valley is locally rich in pheno-
crysts composed of andesine laths, many of them broken, and also
‘broken quartz grains in a brownish glassy groundmass with pronounced
fluidal structure. The rock has no microlites, but has numerous small
grains of magnetite.

e e e e e e e
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BASALT

Distribution: A basalt flow, which is intercalated with the sediment-
ary strata in the Sublett region, presents an outcrop nearly 40 feet high
for about two miles along the Sublett Creek road, east of Sublett post
office. 1t was not feasible to map this flow separately from the others,
as its presence is almost at once obscured by the sedimentary strata
above. A small remnant of basalt also oecurs at the extreme north end
of the Malta Range, Iying above the thick latite How.

Description: The Sublett basalt. is a dull grayish black roclk of faint-
ly purplish cast, highly vesicular with vesicles ranging from microscopic
size to an inch in diameter, usually partly filled with calcite and zeolites,
Microscopic examination reveals that the rock is an olivine-rich basalt
composed of olivine (159), titaniferous augite (259,), labradorite
(579,), ilmenite (3%), and a little mapgnetite and apatite. It is faintly °
porphyritie, for some of the plagioclase laths reach somewhat larger sizes
than others, but its texture is dominantly ophitic, with the augite in the
interstices between the plagioclase laths or enclosing them poikilitically.
Much of the olivine has altered to a reddish brown mineral resembling
iddingsite. '

The remnant flow at the north end of the Malta Range has a dark
gray color with the same purplish cast, but the rocl is dense and so
coarse-grained that plagioclase laths may be seen without the micro-
scope. This basalt is medium grained and is composed also of labra-
dorite (60%,), augite (209,), and olivine (209,), and holds magnetite
and apatite as accessories. Some of the plagioclase laths might be
regarded as phenocrysts, but they are not much larger than those in
the groundmass. The texture is ophitic and the augite tends to hold
several of the plagioclases at once in poikilitic fashion. Most of the
olivine shows varying stages of alteration to iddingsite and it is the
reddish brown color of this mineral that gives the rock its purplish cast
in the hand specimen. '

CORRELATION AND AGE

Correlation of the lava series with the Tertiary flows in soulhwest
and southeast Idaho has already been suggested. As the age of the
flows depends on the age of the intercalated sedimentary strata it 1s
certain that most of the latite belongs well up in the Upper Miocene,
but the age of the uppermost flow is none too well established. In the
upper Snake River Plains area Kirkham' assigned the series 1o the

1 Pamphlet 19, op. cit., pp. 31-33.
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Pliocene and calls it the late Tertiary lava series: ' This assignment was
made because he considered the Salt Lake formation in which these
. lavas oceur to have a Pliocene age and also hecause the lavas are con-
tinuous with some of the flows of the Yellowstone National Park which
are regarded as Pliocene. Mansfield! has likewise regarded them as
Pliocene for essentially the same reasons. More recently Kirkham? has
shown the rhiyolites in the Bdise region to be underlain by sediments
vielding a Miocene flora and, overlain by the Idaho beds containing
a2 Pliocene flora. He believes therefore the rhyolite to be of Upper
Miocene or Lower Pliocene age. Itis possible that the extrusions con-
tinued from the Miocene into the Mliocene and that the topmost flow is
Pliocene. Until more data are available it is not advisable to establish
any fixed age for the flows.

QUATERNARY SERIES

SNAKE RIVER DASALT

 Distribution: Basalt continuous with that of the Snake River Plains
area extends well into the northern part of the district. One area par-
tially encircles the northern ends of the Albion and Malta ranges and
embays for six miles or more into the Raft River Valley. The source
of the basalt is local and from low lava domes and vents north and south

of Cotterel (Plate X1V, B). From these vents the basalt spread west- -

ward around the two ranges to Declo, southward and eastward into
Raft River Valley, and northward toward the central Snake River
field. There is another area of basalt in the extreme northwest corner
of the district four or five miles west and southwest of Burley, where
the lava has again spread in all directions from a low dome or flat cone.
A low basalt dome also rises above the alluvium of Goose Creek Valley
about nine miles south of Burley near the west base of the Albion
Range. Much of the area mapped as alluvium between the basalt
areas is.underlain by flows. :

Description: The basalt flows in most places have not been eroded
and for this ireason can seldom be observed below the surface except in
road cuts or where Rafl River flows around the outer margin of the
flow in Raft River Valley. Thickuesses of the surface basalts are not
entirely known, but probably range from 20 feet or less on the flanks
of the domes to 100 feet or more at the margins.

The flows have a dark gray to nearly black color and show little or
no signs of alteration or weathering. The upper surface is in general

1 Proi. Paper 152, op. cit., p. 120, .
2 Jour. Geology, Vol. 48, op. tit., p. 652, aiso Jour. Geology, Vol. 39, op. cit., pp. 193-239.
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ropy and is essentially in its original condition. Most of the flows are
highly veswu!.ar and it is difficult anywhere to find dense rock. Vesicles
range from.mlcroscopic to a foot or more in diameter and are especially
numerous in the upper 10 feet of the flows. Even the denser central
part contains numerous minute vesicles and occasional larger ones
F_‘lows are also broken by widely spaced joints which produce rude ver—b
FlC&ll polagonal columns of large size. Most flows have rock of a pro-~ ‘
npunced erystallinity, ranging from fine to medium grain, and it is not
difficult to detect plagioclase laths and small grains of olivine without
a lens, Olivine is comparatively abundant in most of the flows and
frequently gives a greenish cast to the rock.

The flows show everywhere a monotonous similarity of composition
and texture whose differences from flow to flow are no more than within
the same flow. Differences depend mainly on the rate of cooling. The
texture is typically subophitic, and the rock is usually free from glass.
Most of the rock is slightly porphyritic and contains a few scattered
phenocrysts of -plagioclase, olivine, and augite. These are but little
la:rger‘th'an the erystals in the groundmass. Labradorite laths lie in all
fiu‘ectllons and between them occur the augite grains and most of the
ilmenite laths. In general the labradorite constitutes about 559 of the
rock,. augite 3097, olivine 10%,, and ilmenite about 5%,. The augite is
t_he titanjferous variety and has a brownish-purplish color in thin sec-
t;on.. The ilmenite tends to form lath shapes and penetrates both the
plagioclase and the augite. Accessories are apatite and magnetite.

_Age: ‘When the basalt was extruded, the topography was essentially
as 1t‘ is today. Surface rock shows no weathering, nor have the cracks
and g‘regularities of the surface of the flows been everywhere filled with
alluvium or aeolian debris. Because of the freshness of the basalt flows
workers .have in general assigned the extrusions to the Quaternal'y’ .
most of it to the early Pleistocene, but some, as in the Craters of thé
Moon National Monument directly north of Cassia County and on the

- opposite side of the Snake River Plains, to recent or historical tifmes.

That in.Cassia County is surely Pleistocene as it post-dates several of
the Pleistocene erosional eycles as well as follows after Pleistocene
deformation.

STRUCTURAL GEOLOGY
GENERAL FEATURES
Eastern Cassia County possesses structural features of much more

than ordinary interest, for in the area there is found the marked folding
and great low-angle overthrust faults so characteristic of the Northern
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Rocky Mountain region; also the young block faulting of the Basin
Range country; and finally the great cross fold involved in the Snake
River downwarp. Itach of the structural features is clearly the product
* of separate, unrelated, diastrophic mavements. In effect, the Basin-
Range strueture is superimposed on the earlier Rocky Mountain strue-
tures, and the Snake River downwarp is superimposed on the other two.

The structure evolved during the early diastrophism is highly com-
plex and much the same as the Rocky Mountain structure so typically
developed in southeastern Idaho. Most of the individual folds are
developed as parts of anticlinoria or synelinoria of large magnitude.
They are also mostly asymmetrical and overturned or over-steepened to
the east, as though acted on or produced by forces directed from a west-
erly or sonthwesterly direction. The great overthrust faults, which
formed near the end of the period of folding, are the most interesting of
the struetural features. Their general trend conforms with that of the
folds, and like the folds they were produced by great tangential press-
ures acting mainly from a westerly direction. The faults are of the low-
angled kind and have nearly horizontal planes, warped into gentle folds
or tilted as a result of later deformation. Movement along the fault
planes has been great and is to be measured in dozens of miles. Recog-
nition of these great overthrusts is largely from *“windogws” of younger
strata beneath the older rocks. Transverse faults of lurge magnitude
have interrupted or displaced both the folds and the faults.

Each of the ranges disclosing the older rocks differ among them-
selves in the direction of trend lines and in the degree and magnitude
of folding and faulting. Yet each is closely bound with the other in
the character, origin, and time of structural development and a commen
basis for structural inferences therefore exists for all the areas of older
rocks, even though widely separated by an intervening cover of younger
formations. Iaterruption of the continuity of trend lines has in most
cases been due to transverse faults of great magnitude, and, although
the prevailing trend lines are from north to northwest, not a few trends
normal to these have resulted from such faults.

The young block faulting has broken and displaced the early Rocky
Mountain structures and has brought some of the ranges into their
present topographic forms. These faults are of the normal kind and
have in part produced tilted block mountains very similar to the young
block mountains in the Harney Lake region of Oregon, the reputed
youngest block ranges in the Basin-Range province. The faults trend
in a northerly direction for the most part and are not In any way con-
irolied or directed by the earlier trend hines.

GEOLOGY AND MINERAL RESOURCES OF EASTERN CASSIA COUNTY 69

The Snake River downwarp, which has been entirely instrumental
in forming the setting of the Snake River Plains, is a great trough or
basin caused by subsidence. Its position is directly over that of the
earlier structures but in a general direction at right angles to these
lines. Thus the Rocky Mountain structure and the Basin-Range faults
approach its margin and then plunge downward to disappear beneath
the lava-flooded floor of the downwarped area, to reappear again, at
least the Rocky Mountain structures, on the north side of the Snake
River Plains.

Time allowed for general studies within the district did not permit
recognition or mapping of all the minor folds and faults, but was suffi-
cient to determine the major structures as outlined above. Many of
the smalter structures were especially difficult to decipher because of
the great thickness of some of the formations, the small number of
reliable horizon markers, and the abundance of surface debris. Butl the
lack of an adequate base map on which minor features could be accu-
rately placed was even less favorable to detailed observation and de-
tailed mapping. 'All available data have been taken into consideration
in the interpretation and iltustration of structural features, but some
of the sections must be regarded as essentially diagrammatic. In many
places structure sections extend to depths far below the limits of
observation. Question marks have been inserted in places to indicate
that in these places direct evidence is lacking and the attitude of the
beds has been sketched on purely inferential grounds. Many minor
faults have been omitted from the map and structure sections.

The easily recognized unconformity at the base of the Tertiary
series is one of the most useful means available in fixing limits to the
possible age of structural disturbances. Obviously, any fault or fold in
the older rocks which is truncated by this unconformity is of earlier
date than the erosion period which ended with the deposition of the
Miocene (?) sedimentary strata and volecanic rocks. Faults and folds
which involve the Tertiary rocks are obviously of younger age, and,
in turn, folds which affect the structures developed in the Tertiary rocks
are still younger.

FOLDS

Folding has affected all the pre-Tertiary strata to marked degree,
although the character of the formations has mainly determined the
complexity of the folding. Strata of competent nature have for the
most part been arched or compressed into simple folds, whereas incom-
petent beds have been more intensely crumpled than the others. Folds
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in the pre-Cambrian strata are therefore most simple in outline, for the
very compelent quartzites, which comprise most of the series, have
yielded less readily to the great compressive stresses than the younger,
less competent Paleozoic rocks. In the latter, folds are more numerous
and tend to develop as parts of synclinoria and anticlinoria rather than
as broad synclines or anticlines. In beds of most incompetent nature
the folding is especially intricate. Unfortunately, folds in such strata
could not be entirely worked out in the field and the sections are in
consequence much simplified in diagram. Much of the faulting has to
be discussed in connection with the folds, but independent considera-
tion is given to the major overthrusts and to certain other faults.

ALBION ANTICLINE

Folding in the Albion Range is of the simple anticlinal kind, except
locally in blocks of younger strata appearing as “‘windows” beneath the
pre-Cambrian rogks. The topography in general conforms so closely
with-the structure that the range might be regarded as truly anticlinal.
Its structure, however, is not as simple as the anticlinal character might
suggest, for, as inferred above and diseussed in another section, the
anticline is a block of overthrust pre-Cambrian strata and is underlain
by Paleozoic strata much more intricately deformed.

Mention has already been made of the two-segmer‘at character of
the range, the southern domed-shaped segment culminating in Cache
Peak and the northern domical section culminating in Mount Harrison.
These two sections of the range are controlled by the structure of the
rocks and actually represent two domes which together form the anti-
clinal backbone of the range. [Each has nearly perfect enclosure, but
the area between them is much disturbed by faulting and 1s in gddition
interrupted by a “window” of Carhoniferous strata.

As already stated the southern segment is composed mainly of the
lower part of the Harrison series with an intrusive core of granitic rock
(as shown in structure sections D-D’, B-E’, and F-F'). The western
slope of the range is nearly a dip slope in which the strata are tilted
from 8 to 20 degrees, locally somewhat steeper. Qtrata on the east side
of the anticline, as represented mainly by the border of hoghack ridges,
are inclined from 20 to 25 degrees. Thus the anticline or dome is
slightly oversteepened on the east. (Structure section D-D’.) Intru-
sion has apparently affected the simple outline of the fold but very
Jittle. The structural axis trends a little east of north.

The structure of the northern section lacks the apparent simplicity
of that on the south only because closure has not been as effective and
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because erosion has carved more deeply into the southern and north-
eastern parts of ‘the dome. Faulting has also been a big factor in
causing its distortion. This dome is much wider than the one farther
south and the dips are slightly steeper except on the east {structure
sections A-A’, B-B’). The long axis of the dome trends slightly east
of north and lies well toward the eastern margin of the range, as is €0
well shown in structure section B-B’. For this reason all but the lower
beds have been eroded from the east side of ‘the dome, whereas nearly,
the complete pre-Cambrian section is exposed on the west side. North-
east of Mount Harrison the entire crest and east limb of the anticline
have been faulted and apparently deeply eroded as well as later con-
cealed heneath younger strata. Only a part of the west limb remains.
North of the town of Albion and extending to the Snake River Plains
this limb has been so broken by faults that its relation to the fold is not
readily apparent. Nevertheless the dips are persistently to the north--
west, and when allowances are duly made for the offsets by numerous
transverse faults, its position on the anticline is obvious. North' of
Mount Harrison the structural trend swings increasingly to the north-
east and finally approaches northeast by east. At the same time the
range plunges northward until finally it passes beneath the Snake River
Plains.

Carboniferous rocks in the window at the north end of the range
and also in the one between the two domes in the mid-point of the .
range are much more intricately folded. . Structure in the northern
window was not ascertained as exposures were too limited to permit
adequate interpretation. The window in the eentral part of the range,
however, is much larger and permits more satisfactory study. The
Pennsylvanian strata as shown in structure seetion C-C’ have apparent-
Iy been compressed inlo a series of anticlines and synclines, of which
two anticlines accompanied by two synclines appear in the window.
These minor folds are unsymmetrical and have for the most part steeper
dips on the east flanks, a relation which suggests pressure from the
west as the cause of the folding. A short distance to the north from
where the section was taken the structure has been further complicated
by faulting and the folds entirely offset. Not enough of the strata is in
view, however, to provide for general interpretation.

BLACK PINE FOLDS

Folds in the Black Pine Range constitute a series of anticlines and
synclines of considerable magnitude. Faulting of both thrust and
transverse kinds has destroyed the continuity of the folds, and, as a
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exceed 20°, and in some places they nearly approach horizontality.
Steepness of dips appears to increase southeastward aleng the range
and reaches a maximum about three miles southeast of Cedar Peak,
where the fold at the crest of the ridge is nearly closed and over-
turned. The block with its series of folds appears to have an eastward
tilt, and also a northward inclination that carries it beneath the Snake
River Flains.

Folds in the underlying Wells-Phosphoria formations are much more
complex, especially as these have been more broken by faults. These
folds also eonsist of anticlines and synelines whose general trend north
of Sublett Creek is about north 20° west, essentially parallel to the
trend of the beds and folds in the Brazer block (structure sections
G-G', H-H', I-I). On the ridge east of Sublett the strata form an
asymmetrical anticline with the steeper limb on the northwest side
(structure section J-J'). Relations along Van Camp Creek are con-
cealed by Tertiary strata and it is not possible to relate the anticline
to structures on the east side of Lake Fork. Several minor folds may
be concealed, as suggested farther north, but it is more probable that
the strata have been broken by a strike fault. East of Take Fork the
strata have a variable inclination to the northeast ranging from 10°
to 50°. Dips are most gentle at the top of the ridge. (In the region
west of Heglar Ranger Station, several minor anticlines'and synclines
are inferred, and these probably pass beneath the Tertiary rocks in
Lake Fork drainage area. Folds or trend lines in the detached parts of
the range hordering Raft River Vailey and the Snake River Plains con-
form with the folds or trend lines of the main mountain mass. In only
one outlier, that at the extreme north end of the district, do the strata
trend otherwise. In general, the Phosphoria formation appears on the
flanks of the anticlines, but faulting has greatly obscured its relations
and true positions.

A transverse fault along lower Sublett Creek has caused offset of
folds and trend lines. Adjoining the fault on the south the trend is
approximately at right angles to that on the north side, and is about
north 40° east. Between Sublett Creek and Cold Spring Canyon the
strata are arched into an anticline whose southeastern flank has an
average dip of 20° and its northern flank from 10° to 25°. Apparently
the middle part of the Wells formation is involved in the folding, and
the lower area of Phosphoria rocks on the west owe their position to
faulting. A transverse fault is also followed by Cold Spring Canyon.
South the strata maintain the same northeasterly trend and dip south-
east, but south of Pine Creek the tilted inclination gives way to gentle
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folds and at least one syncline and one anticline are exposed. These
relations are illustrated in structure section K-K'.

Tertiary strata show gentle inclinations and in general dip away
from the flanks of the range with angles as high as 15°. It is probable
that at one time the Tertiary rocks actually extended over the moun-
tainous mass and have been largely stripped off, except on the lower
flanks, by subsequent up-arching and erosion of the range. Buch strata
as now remain are mainly in syneclinal depressions or remain as rem-
nants in the older pre-Upper Mioccene valleys, as yet incompletely
reexcavated.

FAULTS
OVERTHRUST FAULTS

ALBION OVERTHRUST

‘Greatest of the overthrust faults is the one in the Albion Range,
which has carried a block of pre-Cambrian strata over Carboniferous
rocks (structure sections A-A', B-B’, C-C'). 1t is proposed that this
fault be called the Albion Overthrust. Presence of the overthrust is
inferred in several places within the range where "“windows’ of the
younger rock have been exposed through erosion of the overlying block.
The pre-Cambrian strata may be seen directly on the Paleozoic rocks.
In the Elba Basin and on the divide to the west the contact may be
readily followed for several miles in the mountain wall (Plate XV, A).
The divide itself is still capped by schists of the middle division of the
Harrison series, but a short distance below strata of the Wells forma-
tion appear on both sides of the capping. The trace of the fault plane
about both windows is irregular, although inclined to be oval or
circular.

The fault plane has apparently been warped like the plane of the
Bannock overthrust.! In the area west of Elba the fault plane has an
inclination to the east and passes beneath pre-Cambrian strata before
reaching the edge of the basin or the east edge of the range. On the
west it appears high on the flanks of the range and has probably been
cut off or dropped below the zone of observation by younger normal
faults. Relations are similar at the north end of the range.

The magnitude of the displacement cannot surely be known, but
must be very great. The stratigraphic throw represented by middle
strata of the pre-Cambrian series on Pennsylvanian and possibly Per-
mian rock involves a displacement of at least 20,000 feet, and maore
probably more than twice that figure. This, however, gives little clue to

1 Mansfield, G. R., Prol. Paper 162, op. cit, pp. 150-169.
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1 Mansfield, G. R., Prol. Puper 152, op. eit., pp. 150-1569.
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A. ALBION OVERTHRUST
The inked line outlines the plane ol the Jow-angled Albion overthrust. Above are the guarlzitic and
schist beds of Lhe pre-Cambrian Harrison series atd helow the Pennaybvanian lunestones and sandstones.
This is Lhe targest averthrust in the region and perhaps one of the grealest in the Rocky Mountain arca.

B. OAKLEY FAULT BCARP

Young fault scarp in the Tertiary lavas near Oakley, The scarp rises about G00 Teet and cxposes four
Nows of tatite and possibly five. The youthiulness of the scarp 1estifics to the recency of the Basin-Range
normal or hlock faulting.
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the magnitude of the horizontal displacement. Younger strata effect-
ively conceal the formations involved in the faulting east of the Albion
Range, but fortunately warping along an east-west axis in the Raft
River Range has brought the older rocks again to view and, in the
lower parts of the range, the fault plane may be readily traced from
near the south end of the Albion Range to near the east end of the Raft
River Range. Here the moderately warped fault plane may be seen
for 17 miles from east to west before younger normal faults drop it
below the zone of observation. Throughout this distance the over-
riding block of pre-Cambrian strata is underlain by folded Paleozoic
rocks and the lip of the thrust block lies not far from the south end of
the Black Pine Range and upon the same folded series of strata as
outerop in the south end of the Black Pine Range. Itisnot improbable
that the overthrust block actually overrode the Black Pine Range, and
this suggestion has partial confirmation in the finding of quartzite and
schist float from the pre-Cambrian series on the ftanks of the Black
Pine Range. Warping of the fault plane may have carried the upper
block to such elevations that it could not survive subsequent erosion,
and this possibility is suggested by the rapid steepening of the fault
plane at the east end of the Raft River Range. Actual displacement
along the thrust plane probably exceeds a score of miles and possibly
exceeds two score. Its magnitude is probably equal tb that of the
Bannock overthrust farther east to which Mansfield credits a move-
ment of 35 miles or more. Both are very similar in that both are low-
angle overthrusts approaching horizontality, in which the fault plane
has subsequently been moderately warped and faulted so that the
overlying block is cut through here and there by erosion, thus exposing
the younger rocks beneath. Mansfield has shown that, starting in
northeastern Utah, the sinuous course of the Bannock overthrust may
be traced northward and northwestward with interruptions for about
970 miles. 1t is even possible that the Albion overthrust is merely a
more westerly extension of the Bannock thrust plane, or a closely
associated break.

BLACK PINE OVERTHRUSTS

Overthrusts of more moderate magnitude and perhaps subsidiary
to the Albion overthrust appear in the Black Pine Range. One of
these is inferred in the south segment of the range, where the Brazer
formation appears above the Lower Wells on the lower southeast slope
of the range. Displacement stratigraphically is perhaps 2,000 or 3,000
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feet, but the horizontal or actual movement is probably much greater
{structure section N-N’).

Overthrusting is also the main structural feature in the remamder
of the range, but whether the overthrust is a continuation of that de-
scribed above is not certain, especially as the stratigraphic horizons
involved appear to be different. The overthrust block appears along
the west side of the middle section of the range (structure sections
L-L/ and M-M") and includes the entire northern section (structure
section 0-0"). It partially surrounds the high middle section of the
range on the west and north. Apparently the fault plane is fairly steep
where the upper block lies in contact with the lower, but the general
character is that of a low-angle Lthrust whose plane has been warped
or folded. Evidence of the general low angle is afforded from a window
of the younger strata at the west base of the range. Stratigraphie dis-
placement is not great, as the movement has only brought beds of the
Lower Wells upon the middie and upper divisions, but this is not a

reliable basis for ascertaining the actual movement along the fault
plane. ‘

SUBLETT OVERTHRUST

Considerable attention has already been given to the low-angle over-
thrust in the Sublett Range, which has brought a sole of the Brazer
strata over Wells and Phosphoria beds. The fault trace may be readily
observed from where it enters the district from Power County aleng
a headward tributary of Sublett Creek, and as it crosses the low saddle
into the head of North Heglar Canyon. Its trace then curves to the
west and northwest in the upper end of Long Canyon, and then crosses
the divide into the Lake Fork drainage. It then follows the head of
the Lake Fork drainage for some distance to the northwest and passes
over the low divide into South Heglar Canyon. Iis trace is more or
less closely followed by South Heglar Canyon to its disappearance
beneath the Tertiary strata not far to the northwest. The fauit thus
lias a very sinuous course. South Heglar Canyon has cut through the
upper block, and in so doing has left several isolated caps or outliers on
the west side of the canyon, resting on the Wells-Phosphoria formation.
But west and south of the trace as outlined the strata belong essentially
to the middle and upper Wells and to the Phosphoria formations from
which the overthrust Brazer has been almost entirely removed by ero-
sion because of the apparent uparching of the fault plane to the west.

Like the thrusts already described the fault plane has been slightly
folded and appears to have a gentle inclination or dip to the east that
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causes the underlying block scon to plunge from sight (structure sec-
tions G-G’, H-H' and I1-I'}. Displacement along the fault plane is con-
jectural, but is presumably great and is probably measured in thousands
of feet, possibly in miles. The stratigraphic displacement must reach
three or four thousand feet. It is possible that work in the area to the
east may show that this fault is an extension of the one described in the
south gnd of the Black Pine Range. Tf so, ils course is very sinuous and
must exceed 50 miles in length. '

EARLY TRANSVERSE AND NORMAL FAULTS

Following soon after, or perhaps in part overlapping, are transverse
faults and normal faults which belong to the same orogenic epoch in
.which the folding and thrusting occurred. These have dislocated or
offset the earlier structures, but are themselves affected by a still
younger epoch of faulting, probably to be correlated with the general
Basin-Range faulting. Only the mosl important of the earlier faults
will be deseribed. ‘

KELSAW FAULT

The largest and most important of the transverse faults is that
which separates the strata of the middle section of the Black Pine
Range from those on the south. This fault has pronounced topographie
expression and the carving of Kelsaw Canyon has been mainly directed
by this fault, and also the relatively low divide between it and the head
of Black Pirie Canyon (Plate 1V, A, and Plate X, A). The trace of the

fault is not now directly in the floor of the canyon, but lies a short dis-.

tance up the north slope. Its general direction is due east, but topo-
graphic inequalities cause an apparent swing high up the middle section
of the range, around the north side of War Eagle Peak. Descent then
occeuys into Fast Dry Fork Canyon and thence over the divide into
Mineral Guleh and eastward to the base of the mountain.

All folds and all other faults end directly apainst this fault. Ifs

general character is normal, with downthrow on the south, which has -

brought the averthirust block of the Brazer formation alongside sirata of
the middle and upper Wells, Itis very uniikely that the fault has a large
horizontal component of movement, for structures on opposite sides of
the fault plane do not match. The amount of movement in a hori-
zontal direetion cannot he estimated, but the vertical component is
probably two or three thousand feet. The dip of the fault plane is
about 35° to the south. Beds on the south side of the fault plane
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have a general inclinatioh down and against the fault plane, as shown
in structure section 0'-0". :

OTHER FAULTS

Normal faults in the middle section of the Black Pine Range were
discussed in describing the folding. The largest ends on the south
against the Kelsaw fault, but extends northward for two and one-half
miles before disappearing benealh the alluvium at the edge of the
mountain. ‘The curious pattern of Pole Canyon is largely due to this
fault. The upper mile of the canyon is directly on the fault, but as the
canyon turns from northwest by north to directly east, the fault con-
tinues its northerly direction, as indicated by the low saddle across the
divide into Sweetzer Canyon (Plate 1V, B). It then turns slightly to
the east and is in the main closely followed by Sweetzer Canyon to the
edge of the alluvium. Downthrow is to the east and the dip of the
fault plane is probably more than 45°, as suggested from the exhumed
steep triangular facets across the ridges, as illustrated in Plate TV, B.
Displacement is probably between 500 and 1,000 feet. The fault is
essentially a strike fault. A fault across the ridge in Mill Canyon
a half mile to the east is similar in every way. However, Mill Fork
does not remain on the fault, but swings to the east, while the fault,
although crossing from East Dry Canyon over a low saddle into the
head of Mill Fork, is outlined by a series of saddles across tributary
ridges on the eastward-facing slope of Mill Fork Canyon, The fault
crosses Pole Canyon, outlined by a depression or saddle on the ridge
to the north, and passes beneath Tertiary and Quaternary deposits at
the mouth of Jones Canyon. It also has a downthrow on the east
(structure sections L-L/ and M-M").

Faults in the Sublett Range have also been mentioned. The one
followed more or less closely by Sublett Creek is possibly a transverse
fault of considerable magnitude (structure section K-K’). Downthrow
is apparently on the north. Vertical displacement is probably about
1,000 feet, but the horizontal component may be much greater. Fur-
ther study east of the district is necessary for final interpretation. The
fault followed by Cold Spring Canyon is parallel to the one just men-
tioned. Its vertical displacement is about 500 feet and the downthrow
side is on the north. Other similar faults doubtless exist in the Sublett
Range. Possibility of a strike fault extending from near the reservoir
at the mouth of Lake Fork and passing to the northwest beneath Ter-
tiary strata has been cited elsewhere, and it may be necessary to
explain the apparent duplication of the Phosphoria formation.
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A transverse fanlt of considerable magnitude may exist in the Albion
Range along the southern base of the northern section. Its relations,
however, are not sufficiently well known to make a positive assertion.
In fuct, several faults may exist and the topographic low across the
range may in part be the result of more effective erosion in a much-
faulted zone. Such faulting may also have been most effective in
bringing the underlying Paleozoice block Lo view and thereby exposing
the overthrust character of the Albion Range.

YOUNGER NORMAL FAULTS

The distinction of younger normal faults is made because those
already described are older than the Tertiary strata which have not
been broken by them, whereas those Lo be deseribed have displaced
the Tertiary sediments and lavas. Most of these faults are outlined by
pronounced searps, but others are maiily inferred from stratigraphic
relations. These [aults oceur on both sides of the Albion Range and
have caused Lhe tilted block ranges in the district.

MALTA RANGE FAULT

Most impressive of the younger faults is that which has blocked out
the Malta Range. Many of its features have already been described
or discussed in the seetion on topography. Mention was there made of
the appearance of the range as a tilted fault block with steep eastward-
facing scarp, as shown in Plate X1V, B, rising gradually from the ends
of the range to an elevation of 3,000 feet above the alluvial-floored Raft
River Valley near its mid-point. Mention was also made of the gentle
west slope of the range. This {anlt, which borders the east side of the
range, trends about due north and apparently dips steeply east (strue-
ture sections A-A’, B-B’, D-D’). Its magnitude remains undetermined,
and, although 3,000 feet is shown in the scarp near the center of the
range, the displacement is probably much greater. Judging from the
westward tilt of the lava on the east side of Raft River Valley, the down-
throw side must lie below several thousand feet of alluvium. Steepness
of the original fault plane has resulted in numerous landslides, some of
the blocks of large size. As a result there has been a decided retreat of
the scarp in the higher parts of the range, but in parts of lesser elevation
the scarp has been but little dissected and the range as a whole is char-
acterized by its extreme youthiulness. The fault scarp descends gradu-
ally northward from its highest point until finally the entire range
plunges beneath the Snake River Plains and the fault plane is concealed
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by the young Snake River basalts, That its trace is continued beyond”
the end of the range below the floor of the lava-covered plain 1s suggest-
ed from the alignment of a basalt vent several miles north of the range
and on a projected continuation of the fault trace. Several small basalt
vents also occur close to the base of the scarp near the north end of the
range. So far as known, one hot spring ascends along the fault plane
near the south end of the range.

Another fault has also played a role in the development of the Malta
Range. This lies at the west base of the range, but unlike that on the
east side has no topographic expression in the range itself. Its presence
is mainly concealed by alluvium at the base of the range, but scarps
appear in the extreme north and south ends on the west side of the
fault plane. The fanlt is apparently similar to that on the east side of
the range, with the Malta Range the downthrow side and the Albion
Range the upthrow side. A branch of the fault plane is more or less
closely followed by Marsh Creek northeast of the town of Albion, where
a stratigraphic throw of about 1,500 feet is represented. This measure-
ment is from the lava surface at the base of the Malta Range to the
lava surface that caps the north end of the Albion Range. Its scarp
has much the same appearance as that on the east side of the Malta
Range. Southward the Tertiary rocks have been stripped from the
upthrow side, leaving ouly pre-Cambrian rocks. Lava on the west side
is again exposed west of Elba where it caps the Carboniferous and pre-
Cambrian rocks about 1,500 feet above the base of the tilted block east
of Ilba, FKErosion has here also removed the Tertiary rocks from the
flanks of the Albion Range between Elba and Almo, but a scarp with
the higher side of tuff capped by lava reappears four miles southeast
of Almo in alignment with the fault indicated at the west base of the

" Malta Range. Additional data confirming its presence are afforded

from remnants of latite on the high ridge west of the Cassia City of
Rocks area at nearly 7,000 feet A.T., and also by a small remnant in
the south end of the roclc city itself, Dlsplacement along the fault plane
is apparently not so great as along that on the east side of the Malta
Range.

OAKLEY FAULT

Another fault of muech lesser magnitude but with a pronounced
scarp (Plate XV, B, structure section C-C’) appears several miles in
front of the west base of the Albion Range or about two miles east of
Oakley. This fault also cuts the lavas and is similar to the Malta
Range fault, except that its relations are reversed; that is, the scarp



82 BULLETIN 14, IDAHO BUREAU OF MINES AND GEOLOGY

faces westward and the back slope is to the east. The tilted block rises
about 500 feet above the alluvium-covered floor of Goose Creek Valley
and may be traced for 10 miles in a generally northerly direction,
beginning near the north end of South Mountain. Only flows of latite
appear in the scarp, and for that reason landslides have not seriously
marred its face. The fault plane dips steeply west and the back slope
about 4° Lo the east. The total displacement cannot be estimated, but
is probably a thousand feet or more. In the same region are several
other similar faults of apparent lesser displacement.

SOUTH MOUNTAIN FAULT

South Mountain has also all the characteristics of a tilted fault
block or in actuality a horst block (structure sections D-1)7, BE-IE and
F-F"). Its eastern slope rises abruptly from the wide basin of Birch
Creek and Junction Creek and it has a gentle slope to the west. As
discussed in the section on topography, the drainage divide ag well as
the axial line of the range is at the top of Lhe steep eastward-facing
searp. Additional evidence of faulting is also afforded by stratigraphic
relations, for the strata at the crest of the range or at the top of the
scarp are the same as those at the west base of the Albion Range
directly across the valley. In both places the quartziles form a thin
shell above inlrusive granite, and, inasmuch as the Tauniting is later
than the intrusion, the granitic rock is widely exposed in the steep fault
scarp of Soulh Mountain beneath the thin shell of metamorphic rock.
Should South Mountain be depressed about 1,500 feet the rocks would
almost exactly match the west slope of the Albion Range. Displace-
ment along the fault is therefore about 1,500 feet with downthrow on
the east. The dip of the fault plane probably exceeds €0°, as much of
the scarp is very precipitous. The other side of the bloek slopes west-
ward at anglies from 10° to 12°. The fault plane is curved slightly to
the west from true north. Movement along it may have been initiated
before deposition of the Tertiary formations, but considerable displace-
ment has taken place along it subsequently.

Another fault also bounds the range at its west base, this fault with
downthrow to the west. Both faults end against a northwesterly trend-
ing fault at the north end of the range, one which might be regarded as
a cross or transverse fault. This fanlt has downthrow to the northeast,
and like the others, is of normal character. The three, acting about
contemporaneously, caused the South Mountain block to develop as
2 harst and to become detached and isolated from the main Albion
Range. At the same time several other northwesterly trending trans-
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verse faults were developed which caused slight topographic offsets of
the range along the course. The one now followed by Cottonwood
Creek and Cold Creek has caused a very distinct interruption or offset
of the range, as well as of its stroctural trend. These features are well
portrayed on the geologic map.

OTHER FAULTS

A normal fault of great extent and magnitude probably lies at the
west base of the Albion Range, but evidence of its presence is not so
obvious as in those faults already discussed. The fault is believed to
extend from near the north end of South Mountain to the end of the
range east of Declo. Evidence for its presence is inferred from both
topographic and stratigraphic relations. IFaulting along the west base
of the Albion Range is at once suggested by the great regularity of slope
and the lack of indentation such as normally characterizes erosional
slopes. As seén from the west the range appears as a bold, high, ridge-
like scarp, springing abruptly from the broad alluvial plain at its
base and holding a line of simple curvature. Short.canyons on the
steep slope hold their sharp V section to the mountain base. This slope
and simple curvature of the base line is similar to that along the west
front of the Wasatch Range in Utah. Ecosion has carved no farther
into the windows of more readily erodable Paleozoic rocks at the margin
of the range than in the much more resistant metamorphic rocks. Last
of Oakley and a few mies to the north, the latites dip against the range.
Tt is probable, as the scarp line suggests, that the Tertiary strata on
the west have been faulted against the older rocks on the east. Latite
and tuff on the range northwest of Albion are cut off abruptly on the
west side of the range. Alluvium obscures all relations at the base of
the range 500 feet below. Latite on the range west of Klba is nearly
2,000 feet above similar latite at the west base of the range east of
Oakley. These stratigraphic interruptions give rather conclusive evi-
dence of the faulting which the topographic features so strongly suggest.
A basalt vent or dome south of Burley is along a nearly parullet fault
of similar character and its presence further supports the inference of
the main fault and its probable normal character. The course of the
fault has simple curvature to the northeast. Tt disappears on the north
as the Albion Range plunges beneath the Snake River Plains and also
ends near the north end of South Mountain. Its development was con-
temporaneous with the faults which blocked out the South Mountain
horst. Near the southern end it loses its simple plane curvature as a
consequence of the contemporaneous development of the South Moun-
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tain block, and the movement is taken up by several faults having a
northwesterly direction, as shown on the geologic map. These are cut
by subsidiary faults parallel to the one that bounds the north end of
South Mountain. This somewhat peculiar pattern into which the main
fault passes may be ascribed to shearing forces developed as the South
Mountain horst moved relatively wpward on the one hand, with down-
throw on the north, while the depressed block at the west base of the
Albion Range was being lowered in contra-position. As a consequence
of the differential movement, or differential application of forces, the
rocks of the immediate and nearby zone were broken by faults directed
along planes of maximum shear or at 45° to the course of the fault
farther north. Bending of the Oakley fault plane as it enters the shear
zone is strikingly shown on the geologic map.

Displacement along the fault probably is not everywhere the same,
but in places attains 2,000 feet and probably in others twice as much.
Dip to the northwest is probably near 60°.

There is much faulting of less magnitude in the Albion Range.
Some of the faults cross the range, others are directed along it. One
bounds the west side of the Albion Basin. Tt probably continues across
the high part of the range to the south and it may have faulted the
old erosion surface on the summit of the range, thereby causing the
appearance of the second high level on the top of Mount Harrison.

Several other faults of much smaller magnitude are also present in
the district, but these warrant only passing notice. One is near
Churchill about eight miles north of Oakley, where a small block of
latite rises less than 100 feet above the surrounding alluvial plain. It
has a steep slope to the southwest and a more gentle one on the north-
east. Unlike the other young faults in the district, this pne strikes
northwest, but has downthrow on the southwest side. This fault may
be traced for nearly two miles, with the ends concealed by alluviam.
A similar fault was seen near the east edge of Raft River Valley about
three miles southwest of Heglar, but the strike was more nearly east
and west. A block of latite there rises about 150 feet above the sur-
rounding formations and has a scarp facing the south and a gentle
slope to the north. Normal faulting belonging to this epoch has affected
the strata east of the Raft River Valley but very little, nor has faulting
been prominent in the region west of the district.

LANDSLIDE FAULTS

Minor faults unrelated to major tectonic movements are abundant
in the district, and owe their presence to the force of gravity. Buch
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faults are especially abundant in the face of the steep normal faults
which eut the Tertiary strata and are particularly numerous in the
front of the Malta Range. These faults are the planes of movement
over which the landslide blocks have broken loose from the steep major
fault scarps and have slid toward the base of the range. 'The tuf be-
neath the thick heavy lava capping is especially favorable to such land
movement. These faults are not confined to the vicinity of the large
normal faults, but occur also in gulches or canyons which have cut
through the lavas into the underlying tuff. Landslide faults also occur
elsewhere, especially in the over-steepened valleys of the Blackioot
cycle in the Sublett Range. These faults are shallow surface features.

SNAKE RIVER DOWNWARP

‘Most interesting, as well as the most peculiar, of the structural fea-
tures of the district, is the Snake River downwarp to which frequent
reference has been made. It represents a great structural depression or
downwarp which stretches entirely across the State from the Wyoming
to the Oregon line, superimposed on all previous structures. The Ter-
tiary strata and older rocks, including the mountain ranges composed
of them, are tilted gently toward the center of this great downwarped
area. The essential features have recently been summarized by Kirk-
ham.! Upon this downwarp or geosyncline have accumulated younger
sediments, but more impressively, the basalt flows of the Snake River
Plains.

In Cassia County reference has already been made to the way the
north ends of the Sublett, Malta, and Albion ranges disappear by
plunging beneath the constructional Snake River Plains. Erosion sur-
faces as well as the structural features are carried below by the warping.
In turn, complementary movement has arched the ranges farther south
to higher elevations and has produced a broad anticlinal structure
parallel to the downwarp. Flanks of the downwarp dip from 5° to 8°
to the north to the margin of the Snake River Plains.

AGE OF THE FOLDING

Strata involved in the early folding range in age from pre-Cambrian
to Permian. These folds are essentially continuous with similarly folded
structures in southeastern Idaho, where Mansfield® has found beds as
young as the Wayan formation of Lower (?) Cretaceous age folded to

1 Xirkham, V.R.D., Pamphlet 19, op. cit., pp. 24-26; alao Jour. Geolegy, Vol. 3%, op. cit., in press.
2 Prof. Paper 152, oo. ¢it., pp. 169-172.
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the same degree as the older formations. He concludes that the main
epoch of deformation which produced these folds was later than the
deposition of the Wayan Beds and probably a part of the great moun-
tain-building disturbance which came in the interval between the end
of the Cretaceous period and the early part of the Tertiary, generally
known as the Laramide revolution. Some evidence of other earlier
epochs of mountain-building is furnished by the rocks in that region,
but the effects of these earlier disturbances were largely obliterated by
the more intense activity of the Laramide revolution. Similarity of
folded structures in Cassia County suggests folding during the same
epoch. That this is actually so was verified by tracing the folded
structures more or less continuously into the area described by Mans-
field. ,

A subsequent epoch of less extensive disturbance is suggested by the
arching and tilting of the planes of the overthrusts and by the dips
now observed in the Miocene strata and associated lavas. On the
present supposition that the Salt Lake formation is of Pliocene age,
Mansfield assigned the disturbance to the end of the Pliocene. Although
the Tertiary rocks may be older than the tentative age assigned by
Mansfield, or Upper Miocene instead of Pliocene, there is no reason for
assigning any other date Lo this disturbance than the one given. Fur-
ther discussion of Pliocene and more recent diastrophism ‘wi_ll follow in
the section on the age of the faulting. ‘

The erosional history indicates that there were several disturbances
in the Tertiary and Quaternary, each in the nature of broad regional
doming or uplift. Apparently folding was involved only in 'the move-
ment that camne near the end of the Pliocene. TIFolding at the time of Lhe
Snake River downwarp will be discussed later.

AGE OI' THE FAULTING

Mansfield has also ascribed the Bannock overthrust and other thrust
faults in southeast Idaho to the Laramide epoch and to the later part
of that epoch, because the faulting did not occur until the rocks in what
is now the upper block had been intensely folded—indeed, folded prae-
tically as much as those of the lower block. The Albion, Sublett, and
Black Pine overthrusts are similar in these particulars, for they, too,
came after the strata in both blocks had been intricately folded. IFrom
the striking similarity of the faulting in the two regions, it seems almost
certain that all were produced during the same epoch. Those in Cassia
County probably also occurred late in the Laramide disturbance. The

time when the fault planes were folded is uncertain, but it is believed
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that folding was much later than the production of the thrust faulis
themselves. Possibly it was a part of the late Pliocene disturbance.

Many of the normal faults and also the transverse faults cut the
overthrusts and are therefore younger, but these same faults have been
buried by Miocene strata and are therefore older than the mid-Tertiary.
They should probably be given a place late in the Laramide epoch or
immediately following it. These faults may be the result of a tensional
phase, which probably followed the intense compression experienced by
the region in the Laramide deformational epoch, during which the de-
formed mountain mass slowly returned to equilibrium by means of the
normal or relaxational faults.

In nearby regions normal faults are described as belonging to the
epoch of block faulting which gave rise to much of the so-called ‘‘basin
and range”’ structure, of which Utah and Nevada furnish the best
examples. This structure is generally stated to have been developed
in about Middle Miocene time. There is good reason for believing,
however, that most of the faulting is much younger and is late Pliocene
or early Pleistotene in age. It is possible thal some faulting of this
character took place in the Miocene and inaugurated the disturbance
which intiated the Upper Miocene sedimentation, but if so, trace of
such faults has subsequently been lost beneath the Tertiary capping or
obscured by younger movements along the same fault planes.

Normal faulting which has caused the present block ranges in Cassia
County and which has outlined the Albion Range in its present shape,
is younger than the Miocene strata and the overlying latite series.
These faults are comparatively young, as the fault scarps are fresh and
Jittle eroded except where high elevation and the exposure of the tuf
series has specially favored laundslide action. Such faulling preceded
the glaciation in the Pleistocene, as the fault block ranges themselves
show effects of high mountain glaciers, but the faulting followed after

‘considerable erosion of the Miocene strata and lavas. It is certain that

these faults were generally later than the Gannett erosion surface,
which was developed late in the Pliocene,’ for fauiting has destroyed
the erosion surface as well as one or two of the earliest Pleistocene sur-
faces. In fact, none of the fault block ranges bear the remnants of the
erosion surfaces, perhaps because the active erosion following the rela-
tively sudden rejuvenation was not favorable to their preservation.
Faulting may have initiated or been in part responsible for renewal of
the erosional cyeles. Faulting was largely completed, however, before
the inauguration of the Blackfoot cycle, for this cycle has been active

1 Mansfield, G. R., Geography, geology, and mineral resources of the Portneuf quadrangle, ldaho:
U.5. Geol. Survey Bull, 803, 1929, pp. 7, 66-67.
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in dissecting the fault block ranges. Although some faulting may have
occurred late in the Pliocene, it is believed that most of the movement
or displacement occurred rather early in the Pleistocene and that the
fault block ranges are essentially early Pleistocene in age. That some
movement has also contlinued into later Limes is suggested from the
presence of a small scarp in the Snake River basalt flow several milés
east of the north end of the Malta Range.

AGE OF TIE SNAKE RIVER DOWNWARP

Kirkham was first to show that the warping in the eastern Snake
River Plains area was later than the “Tertiary Late Lavas” of supposed
Pliocene age.! In more recent studies in southwestern Idaho, he has
obtained additional data and has found that net only is the down-
warping subsequent to the deposition of the Upper Miocene Payette
beds, but mainty subsequent to the deposition of much of the Pliocene
Tdaho formation.? Subsidence thus began in the Pliocene, was active
in the Pleistocene, and has continued into recent times.

The evidence in Cassia County also supports the late age for the
downwarp, probably mainly in the early Pleistocene. Although sub-
sidence may have begun earlier in the more central parts of the basin,
the present marginal slopes involve not only the late Pliocene or early
Pleistocene tilted block mountains, but also the Gannett, Elk Valley,
and probably the Dry Fork erosion surfaces, the last two of Pleistocene
age. Subsidence had largely ceased, however, before the advent of the
glacial stages and more particularly before the completion of the Black-
foot erosional cycle.

CAUSE OF DIASTROPHISM
LARAMIDE DEFORMATION

The intensity of folding and faulting during the early epoch of
deformation can be ascribed only to great tangential pressure. No
better canse for this deformation has been found than the segmental
hypothesis of T. C. Chamberlin® and the closely related wedge theory of
diastrophism by R. T. Chamberlin.*

On the basis of field measurements in the Appalachian Mountains
of Pennsylvania, R. T. Chamberlin has propounded a wedge theory for
the formation of mountain ranges and of continents. The continental

1 Pamphlet 19, op. cit., p. 26.

2 Kitk?mm. V.‘ RP D ., Snake River Downwarp, Jour. of Geology, Vol. 38, 1931, Ep. 471-482,

3 Chamberlpin, T. C., and Salisbury, R.D, Geul()ﬁ]y, Vol. 1, 2d ed,, p‘?. 542-649, 1905

+ Chamberlin, R. 'T., The wedge theory of diastrop amn: Jour. Geol., Yol. 83, pp. 765-792, 1925.
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and suboceanic masses are treated as segments, the suboceanic masses
being the larger and heavier. The principal source of the deforming
force is the rearrangement of material in the interior of the globe in
favor of greater compactness and higher density. This should cause
general shrinkage, with the resulting cirecumferential compressive
stresses beneath both continental and oceanic areas. In the shrinking
process all segments would sink, but the master segments would take
the lead and would stqueeze the smaller and lighter continental seg-
ments hetween them so that they would be wedged upward. As applied
to mountain chains it tends to produce more or less symmetrical, mar-
ginal folded areas, bounded by exterior, inward dipping shear zones
and a relatively undeformed intermediate area. For those mountains
in which the greatest effects of overthrusting appear on the inland side
of the range, R. T. Chamberlin believes that the mountain-built area
was caught. between an oceanic segment on one side and a continental
segment on the other, and that the pressure of the oceanic segment
tended to overbalance that of the continental. Localization of the
deformation would be in the deeply loaded geosynclines at the margins
of the oceanic and continental segments, where weakness of the earth’s
crust would be the greatest.

The entire region here described is part of a great geosyncline in
which sediments were deposited with few interruptions of importance
from Proterozoic to late Mesozoic times. This great structural feature
has been called by different writers the Rocky Mountain trough, the
Laramide trough, or the respective geosynclines. It extended from
the Arctic Ocean southward through the Great Basin, and was in
general an area of subsidence in which sediments had accuriulated in
great thickness. On ihe west, throughout much the same interval,
a relatively persistent land mass had separated the geosyncline from
the Pacific Ocean, and on the east a less persistent barrier at times
had separated it from the interior seas. Ultimately tangential pressures
acting from the west-southwest overcame the resistance of the greatly
weakened trough of sedimentation, compressed the strata into folds
and caused great overthrusts. Shortening of the crust by folding and
thrust faulting must have been considerable, but no estimate of the
amount can be attempted here. The frequency of inclined or over-
turned structures and the original nearly horizontal attitude of the
overthrusts indicate that the forces acted horizontally and were not
the surface expression of deep-seated shear. DBecause of the great
amount of crustal shortening, as evidenced by the folding and thrust-
ing, the mountains produced must have been of the “thin-shelled”
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type, distinguished by R. T. Chamberlin' as those in which the in-
tensely compressed outer portion of the earth’s shel] has sheared upon
a less yielding base beneath, without disturbing the earth's crust to any
great depths. Great overthrusts are marginal features of the mountain-
forming area of the thin-shelled type of deformation. The folds and
overthrusts in Cassia County and to the east represent therefore the
east margin of a wedge zone as distinguished by Chamberlin, and of
a wedge asymmetrical with respect to vertical lines. Where the oppo-
site side of the wedge makes surface expression is not certainly known.
Such thin-shelled mountain zones are, according to R. T. Chamber-
lin,? accompanied by little igneous activity of any sort in the marpinal
and most strongly overthrust portions; but in the heart of the deformed
belts, where there has been more uplifting and the affected zone goes
deeper, granitic and other intrusions are a common and probably char-
acteristic feature. With this point in mind, one might suggest that
Cassia County is well toward the inner part of the wedge, inasmuch as
the granitic intrusions have here made their appearance.

The intense compression suffered by the region during the Laramide
deformation was doublless succeeded by a condition of tension, during
which the overstrained mountain mass slowly returned to equilibrium.
Normal faults in regions that have undergone folding commonly mark
a late stage of that deformation. Apparently the folded rocks have in
large measure been strained beyond the limits of their stabi}ity, and
equilibrium has resulted when the rocks tended to resume.lthelr former
positions, and thus create a strain, which, in turn, is reliequ by normal
faulting. Such are the current views regarding the origin of normal
faults in relation to the folded chains.

BASIN-RANGE FAULTING

Many hypotheses have been offered in explanation of the Basin-
Range structure, either involving tensional forces or compressional
forces. Some explain the fault blocks as upthrusts due to deeply applied
compressive forces, some to the collapse of a gently folded or arched
dome. In Cassia County, tensional forces seem best to account for the
observed facts, for the evidence such as simple curvature of the fault
traces, the occurrence of hot springs near the fault plane, and the near
occurrence of basalt vents, all favor normal faulting and not thrusting.
which would tend to close fractures and make them impermea‘ble.
Faulting of normal character or of the Basin-Range type possibly

1 Chamberlin, R. 1., The building of the Calorado Ttockies: Jour, Geol.,, Vol. 27, pp. 248-281, 1919.

2 Chamberlin, /. T., Yolcanism and mountnin-making; Jeur. Geol., Vol. 29, pp. 166-172, 1921,
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began or occurred in the mid-Tertiary as in other parts of the Gireat
Basin country, but activity was revived late in the Tertiary or more
probably early in the Quaternary with the development of the present
striking block ranges in Cassia County. .

These later deformative epochs were probably begun by revival of
periodic contractional disturbance of the earth. But at these times the
effects were not so definitely localized as before, probably hecause no
accumulation of sediments comparable to those of the former geosyn-
cline had taken place, and the rigid crust was therefore not weighed
down as before. The result was a broad uplift with only gentle foldings
and warpings. The broad uplift and renewed folding of the later
deformational epochs were also succeeded by tensional phases, appar-
ently more marked than those that followed the Laramide epoch. R.'T.
Chamberlin' also distinguishes “thick-shelled” mountains which show
open folding, but are without thrust faults or evidences of intense hori-
zontal compression. In these mountains the depths affected by the
compressive forces are far greater than those of the “thin-shelled" type,
and as additional contrast the “thick-shelled” mountains seem to be
more commonly associaled with voleanism than mountain-making
movements which affect a thin shell. Outpourings of lava are especially
common. The younger epochs of deformation in Cassia County and
the Creat Basin country in general seem to be the “thick-shelled” kind
and have been accompanied by vast floods of lava. Extrusions of latite
and some basalt may be considered as associated with the tensional
phases of the mid-Tertiary doming and partial collapse by normal fault-
ing, and the tater outpouring of basalt with the tensional phase of the
late Tertiary or early Quaternary doming.

The Basin-Range structure is therefore the probable resultyof normal
faulting and partial collapse of a region following broad uplift or arch-
ing, and the fault blocks represent the readjustments made in the over-
strained shell in its attempt to recover equilibrium. The normal or
block faulting also afforded opportunity for the outflow of lava, because
the thick-shelled movements probably extended to great depths, as
suggested by R. T. Chamberlin, and have very likkely reached the zone
of potential liquefaction of rocks, a depth seldom attained by deforma-
tion of the “thin-shelled’’ kind. Or it is possible that magmatic action
is mainly responsible for the fautting and the block ranges are the result
of jostled blocks over a magma reservoir. The nalure of the fault
pattern, especially along the west margin of the Albion Range, is
highly suggestive of such jostling, with some blocks settling, others
1 :T‘E: Gecl., Vol. 27, pp. 248-251, 19189,
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rising, with development of additional shearing strains in zones be-
tween rising and subsiding blocks. The great normal faults, whose
directions of trend are to the north, are obviously a part of the Basin-
Range tectonics. Localion of the basalt vents along these fault planes
suggests a strong genetic relation between the faulting and the move-
ment of magma, and that the jostling is due to the readjustments to
movements of magma from one part of the reservoir to another, or to
the surface.

SNAKE RIVER DOWNWARP

Causes given to account for the Laramide and Basin-Range defor-
mations fail to explain the Snake River downwarp. This feature is a
negative element, a subsiding trough or geosyncline in which sediments
and lavas have accumulated and are still accumulating. Compressional
forees fail to explain the downwarp. Its alignment is not parallel to the
direction of forces generally associated with a shrinking earth and the
depression of oceanic and continental segments. The general lack of
faults about its margin, the simpleness of its curvature can give no
other interpretation than subsidence or downwarp. Such subsidence
is not due to the accumulation of load, for the load has come later.
The suggestion made by Kirkham* that the downwarp is the result of
withdrawal or migration of magma perhaps affords the!most suitable
explanation. Fractures reopened during the warping have also per-
mitted floods of basaltie lava, the Snake River basalt, to come to the
surface and partly fill the basin. ‘

GEOLOGIC HISTORY
PROTEROZOIC ERA

There is nothing which might give a clue to the history of the region
prior to the Proterozoic era, but at some time, probably rather early in
the Proterozoic, there was prolonged marine sedimentation, during
which the members of the Harrison series were deposited.

Much of the material of the Harrison serjes consists of clean guartz-
ites, derived mainly from fine sands, along with an occasional thin
pebble bed. The general uniform assortment of these sands together
with their purely siliceous character and constancy of well defined uni-
form bedding, suggests strongly the effect of long-continued wear of the
materials, probably such as takes place on a beach or in shallow water
constantly agitated by the waves. Such deposition could only have

} Kirkham, V. . D., Snake River Downwarp, Jour. Geol., Vol. 89, 1831, pp. 456-482.
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taken place on a slowly sinking sea floor in which subsidence kept nearly
exact pace with deposition, for during this time a thickness of more
than a mile of these shallow water sands accumulated. Several times
accumulation of sand was interrupted by an increase in the rate of
subsidence, and each time only the finer materials could reach the region
of deposition below the zone of wave action. Fach time sediments
more or less muddy were laid down, which subsequently have been
changed to the micaceous quartzites and the thin beds of mica schist now
found in several places in the lower division of the series. Interruption
of sand accumulation was more frequent later in the period, for the
middle division is characterized by an accumulation of argillaceous and
caleareous beds. Deposition of the muds and silts could have come
only with the deepening of the water, and the limestone only in the
deeper water sufficiently offshore so that it could not have received -
notable admixture of clastic materials. The region of limestoné deposi-
tion must have been near enough land at times, however, to receive con-
siderable quantities of land-derived sediments, and shoaling of the sea
must have occurred several times to account for the alteration of sand,
shale and limestone. Near-shore or shallow water conditions must have
again prevailed near the close of the epoch of sedimentation, for the last
sediments are much the same as those that accumulated earlier in the
lower part of the series. 1t is not known just when sedimentation ceased
and land conditions prevailed, for the upper part of the series has been
eroded. Suffice it to say there was an accumulation of marine shal-
low water deposits nearly two miles thick and that the part now exposed '
is probably far from the complete section. '

1t is likely that at the cessation of sedimentation the newly deposited
strata were subjected to orogenic movement and the rocks considerably
metamorphosed and perhaps changed into much their present state.
Such an assumption is probably justified in view of the slight metamor-
phism shown by the rocks assigned to-the upper part of the era in
nearby areas. Apparently the strata were not greatly folded at the
time, for even today the series has been but simply arched and because
of its competent character less folded than the younger Paleozoic for-
mations.

Qedimentation was probably resumed at 2 later date, but inferences
regarding the upper Proterozoic era must be drawn from the evidence
furnished by neighboring regions. It is possible that the district was
land during most of the upper Proterozoic or Beltian epoch, but it is
more likely that there was continental deposition such as occurred in
the Wasatch Mountains and in the northern part of Idaho and in
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western Montana. No doubt the Rocky Mountain or Cordilleran geo-
syncline was well advanced during this period, indeed may have had
its beginning long before the Harrison epoch. According to Walcott,!
this geosyncline was well advanced during the Algonkian period and
then extended from the head of the Gulf of California northward prob-
ably to the Arciic Ocean, and was the seat of prolonged sedimentation
which he regarded as non-marine. This favors continental deposition
in the region of Cassia County, and as elsewhere, deformation, erosion,
and even perhaps glaciation. Glaciation is suggested, for in the Big
and Little Cottonwood Canyons in Utah, Blackwelder? describes tillite
as an important and interesting member of the upper pre-Cambrian
series. Deformation is also suggested, not alone from the difference in
the degree of metamorphism between the upper pre-Cambrian and the
overlying Paleozoics in the same region, but also from an angular uncon-
formity that Blackwelder finds between the Algonkian and the over-
lying Cambrian quartzites in Cottonwood Canyon south of Salt Lake
City. In the later part of the Proterozoic and in early Cambrian time
the geosyncline must have thus been subjected to erosion, which
reduced it nearly to base level, and there was apparently little warping
needed in Cambrian time to permit the flooding of the geosyncline by
marine waters. '
1
PALEQZOIC ERA

In the later part of the Lower Cambrian or in the early part of the
Middle Cambrian progressive subsidence of the Rocky Mountain or
Cordilleran geosyncline was again resumed and the trough began to
receive sandy sediments, at first probably non-marine but later marine.
Slow subsidence continued until probably several thousand feet of
shallow-water sands had aceumulated, derived no doubt from erosion
of pre-Cambrian quartzites further to the west. Later the waters
deepened and the deposition of clastics gave way to the deposition of
an even greater thickness of limestones lasting through much of the
Middle Cambrian and most of the Upper Cambrian.

There is no record of subsequent events within the district until
well up in the Carboniferous. In the interval the series of events is
probably much the same as recorded elsewhere in the general region,
where the record is dominantly marine and indicative of progressive
subsidence of the geosyncline. The variation in the character of the
sadiments, however, and the numerous stratigraphic breaks show that

1 Wa!}cott. C. D., Cambrian geology and paleontelogy, 1II: Smithsonian Misc, Coll, Vol. &1, pp.
50-81, 1914.
Z Geol. Soc. Amer. Bull, Vol. 21, pp. 517-512.
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there were at times interruplions in subsidence and even reversals of
movement, with erosion. These disturbances were gentle, but were
fairty well distributed throughout the interval.

According to Mansfield,* withdrawal of the sea from the geosyncline
probably occurred at the close of the Cambrian, followed by brief ero-
sion, but limestone making again took place early in the Lower Ordo-
vician. Later a reversal of subsidence in the later part of the Lower
Ordovician time brought first a change in the sedimentation, the depo-
sition of sands, and then an erosional interval that lasted throughout
much of Ordovician time. Toward the end of the Ordovician subsi-
dence was resumed and limestone deposition began again. Cessation of
sedimentation probably ocawurred at the end of Ordovician time, but
deposition of limestone was again resumed in the Silurian after a strati-
graphic break of some magnitude. Toward the end of the Silurian the
sea withdrew and did not again reflood the geosyncline until Middle
Dévonian time, when limestone making was resumed without any
marked discordance in the attitude of the later with the earlier beds.
Limestone deposition continued to the close of the Devonian, when
there was again emergence followed by slight erosion, but subsidence
again followed and limestone making was resumed early in the Car-
boniferous.

The lowest of the Carboniferous strata is not exposed in Cassia
County, but from the record farther east limestone was probably de-
posited during the Lower Mississippian (Madison limestone), With-
drawal of the sea for a time at the close of the Lower Mississippian is
suggested from the lack of exact conformable relations with the over-
lying Upper Mississippian strata, the Brazer formation. In the Upper
Mississippian the record in Cassia County again becomes available.
Throughout much of this time clear seas prevailed, and in them much
limestone accumulated. Several times, however, the limestone deposi-
tion was interrupted by reversal of subsidence, and the sea became
muddy and muds or silts were deposited. At times the sea Lecame
shallow and wave action so agitated the water that only sands could
accurmnulate. The site of deposition was probably much nearer the
shore of the Upper Mississippian sea than in the region farther east,
where the entire accumulation consists dominantly of limestone. It
thus received more notable contributions of land-derived clastics. Per-
haps the changes in character, or alteration in characters of the forma-
tion, might be ascribed to oscillations of the neighboring land mass and
repeated rejuvenation with resulting increase in the quantity of clastics

1 Prof. Paper 152, op. cit., pp. 173-1B8.
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cartied to the sea. According to Mansfield the sea again withdrew from
the geosyncline at the close of the Mississippian, but little disturbance
of the land took place, for with the return of the sea in Pennsylvanian
time the deposition of limestone was resumed under much the same
conditions as in the preceding period and without marked discordance
in bedding. Pennsylvanian time records, however, much greater oscil-
latory movement of the sea bottom than previously. Limestone depo-
sition prevailed at the beginning and at the close of the period, but
even during the lower part and especially during the middle of the
epoch shallow waters prevailed and favored the deposition of sand.
Periodic rejuvenation of the bordering land mass may also have favored
the accumulation of detrital material, but this seems less likely than
movement of the sea floor because of the lack of intercalated shale
members, but instead there is the direct passage of limestone to sandy
limestone and to sandstone. For a considerable time in the middle of
the epoch little except sand was deposited. The sea withdrew at the
close of the Pennsylvanian, but when the sea returned in the succeeding
Permian period conditions of deposition had greatly changed. In the
first place inundation probably came from the north or west instead of
from the southwest as in previous floods, and under special conditions
of deposition not yet well understood, phosphatic shales and thick beds
of chert were deposited. Withdrawal of the sea is presimed to have
oceurred again at the close of the Permian. P

MESOZOIC ERA

The Mesozoic record in Cassia County is very imperfectly known.
No strata belonging to this era have as yet been identified and it is
possible that throughout much of the time the region constituted a land
mass undergoing erosion. The latter part of the era, however, wit-
nessed great diastrophic movements and these have left a notable
record in the district.

Mansfield describes prolonged sedimentation during the Mesozoic
era in the region to the east and this sedimentation, no doubt, has had
some reflection in Cassia County. As a whole the Mesozoic is there
characterized by alternating marine and non-marine deposition with
the latter dominating toward the end of the era. Marine embayment
continued throughout Lower Triassic fimes and was followed by an
epoch of erosion and the deposition of continental red beds, chiefly of
the desert type. The change from the Paleozoic to the Mesozoic was
marked by faunal rather than by any noteworthy discordance of strata,
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and for this reason one might suppose that the Lower Triassic seas also
extended over Cassia County. Coniinental deposition continued
through Lower and Middle Jurassic, but in the Upper Jurassic marine
invasions twice alternated with desert continental conditions. An
abrupt change in the character of the sediments marked the transition
to the Cretaceous, and, according to Mansfield, such as to suggest
mountain building in neighboring areas. As Cassia Counly is much
nearer the site of the late Jurassic Nevadian revolution than the region
to the east, it no doubt was very near the border zone of the disturb-
ance, if not within. The Lower Cretaceous witnessed the aceumulation
of an enormously great thickness of fluviatile, together with some lacus-
trine, beds. Itis more than likely that Cassia County was a land mass
after a withdrawal of the sea in the Lower Triassic. It may have been
at times the site of continental deposition, but for most of the time
it probably contributed to the greal thickness of continental deposits
to the east, especially toward the close of the era. In southeastern
Idaho the Upper Cretaceous was a time of erosion.

The Laramide revolution closed the Cretaceous period with the
deformation of the geosyncline and the development of the Rocky
Mountains, with its complicated structural features. Seemingly Lhe
accumulation of tangential crustal pressures finally overcame the
resistance of the heavily loaded geosyncline and these pressures, acting
most strongly from the west and southwest, compressed the great
thickness of strata into a series of northwestward trending folds, gen-
erally overturning them, and then slicing them along great low-angled
fault planes. Possibly, when the thrusting was nearly over, and cer-
tainly after the folding and thrusting had ceased, tensional pliases
developed and the strata were broken by large normal faults. Igneous
intrusion also came in toward the close of this erustal disturbance and
perhaps added to the structural deformation which resulted from the
earlier folding and faulting. Evidence of added structural deformation
by the intrusion is not so clear in Cassia County, but is marked farther
north about the main Idaho batholith.

The crustal disturbance resulted in uplift of the region, while sub-
sequent evosion carved the region into mountains that were probably
higher and more rugged than those of the present day, as suggested
from the great thickness of strata which has since been removed.

CENOZOIC ERA

After the production of the mountainous topography in the Meso-
zoic era, erosion continued to wear away the land and the subsequent
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history is mainly one of erosion interrupted from time to time by erustal
disturbance and by the deposition of continental beds and lavas.
Reduction of the Mesozeic mounlains was apparently well advanced
in the Eocene, for in parts of southeastern Tdaho the Wasatch beds
belonging to that period were laid down on a nearly peneplained sur-
face. This surface has not been recognized in Cassia County unless
the flat area on the top of Mount Harrison should bear it, but it may
be represented in the mountains in northern Idaho by one of the exten-
sive summit erosion surfaces in that region.' Erosion in Cassia County
probably continued Lhrough the Oligocene and perhaps well into the
Miocene. By Miocene time the land must have worn down to a surface
of old age or to a peneplain; such as now is retained on the resistant
quartzites on the higher parts of the Albion Range. This surface is
perhaps the same as the Snowdrift peneplain? deseribed by Mansfield
in some of the mountains in southeastern Idaho and perhaps the same
as the subsummit erosion surface in the mountains of northern [daho.?

Near the middle of the Miocene, or perhaps even earlier, active
erosion was again revived as a result of marked crustal disturbance,
chiefly one of broad regional uplift. This uplift may have been accom-
panied by normal faulting. Asa result of the rejuvenation, broad and
deep valleys were carved in the uplifted, old, worn-down surface. Kro-
sion in the Middle Miocene eventually gave way to afgradation and
these old valleys (Tygee erosion surface of Mansfield) were floored with
extensive [luviatile and lacustrine deposits. These deposits continued
to accumulate until all the valleys and some of the, lower hills were
blanketed. ‘Then voleanism broke out on a grand scale and magmas
found their way to the surface probably along normal fault planes that
developed as a consequence and subsequent to the uplift. During the
early period of the voleanic action, vast guantities of pumiceous ash
showered the country and became intercalated in the upper part of
the fluviatile and lacustrine deposits. Some of the ash or tuff was
probably reworked by streams and redeposited along with the sedi-
" mentary clastic materiat; most of it probably remained as it fell. This
increased the thickness of the Upper Miocene blanket by maby hun-
dreds of feet and probably buried most of the higher hills so that the
area represented a vast aggraded plain. Toward the last came quiet
outflows of latitic lavas and in some places a flow of basalt. Some of the
flows were intercalated with the showers of ash and tufl, but toward the
end of the epoch the explosive action began to decrease in intensity and

! Anderson, A. L., Cretuccous and Tertiary planation in northern Idaho: Jour. Geology, Vol. 87,
1929, pp. T47-764.

2 Prol. Paper 152, p. 14.
2 Anderson, A. L., Jour, Geol., Vol 17, op. cit.
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increasingly greater quantities of lava, mainly quartz latite, were poured
out on the surface. Extrusions may have continued into the early Plio-
cene, but by the end of the epoch of aggradation and volcanism, the
general region must have been a vast generally featureless lava plain
covering many thousands of square miles and exceeding greatly the
present areal extent of the Snake River Plains.

After these eruptions the region probably suffered further slight
deformation, including some uplift probably accompanied by tilting
and faulting of the lavas and underlying strata in some regions. "This
deformation was not nearly so violent as the preceding, but consider-
able relief resulted, for in southwestern Idaho Kirkham® finds that con-
siderable erosion intervened before the Idaho Pliccene lake beds were
deposited and-these now rest on a surface of somewhat irregular relief.
rosion probably continued throughout much of the Pliocene in Cassia
County, but for most of the time the land must have remained com-
paratively low. :Further uplift came loward the end of the Pliocene
and this one marked the major diastrophic event since the Laramide
revolution. The region was further domed or up]ifted', moderately folded
and probably faulted. Active dissection of the region was again renewed
and before the close of the Pliocene the land had again been greatly
reduced and an old erosion surface developed. This surface is now
retained on the highest ridges in the Sublett Range and probably is to
be correlated with the Gannett erosion surface deseribed by Mansfield
in the region farther east.

The Quaternary history of the region is largely one of erosion inter-
rupted by uplift and faulting and medified by climatic changes and
voleanic outbursts. Uplift again occurred early in the Pleistocene and
soon after another erosion surface had been carved below the Gannett
surface. This one is best developed in the Sublett range and is prob-
ably to be correlated with the Elk Valley surface described by Mans-
field. Uplift again inaugurated another cycle of erosion and relatively
wide shallow valleys were carved in the Elk Valley surface. This cycle
probably correlates with the Dry Fork cycle farther east. Again further
uplift permitted canyons from 500 to 1,000 feet deep to be carved in
the fioor of the Dry Fork valleys. This records the last general uphft
in the region, and is probably the same that inaugurated the Blackfoot
cycle farther east. None of these surfaces, excepl perhaps those of the
Blackfoot cyele, can positively be identified in the western part of the
area, probably because faulting of the normal or bloek type has been
so recent that earlier features have been either eliminated or so modi-

1 Jour. Geology, Vol. 38, op. cit,, pp. 652-659,
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fied that they cannot be recognized. It is possible that faulting was
renewed during each of the uplifts, but the major movement probably
antedated the Blackfoot cycle. It is during the Pleistocene epoch that
the tilted block ranges and the other present topographic features were
produced. Recent erosion has accomplished little change since the
Blackfoot cycle. Drainage was somewhat disturbed as the result of the
crustal dislocations, but some of the major sireams, such as Raft River
and Cassia Creek, were able to continue in their courses across the
Malta Range, although Marsh Creek was entirely turned aside by the
faulting which produced the block range.

Possibly during the Pliocene, and surely in the Pleistocene, came the
subsidence or downwarp of the Snake River Plains area. In western
Idaho subsidence apparently began in the Pliocene and continued
throughout much of the Pleistocene and into recent times, but so far as
evidence in Cassia County is available, much of the downwarp has
occurred since the early Pleistocene block Faulting and the development
of the Elk Valley and Dry Fork erosion surfaces. Subsidence had largely
ceased, however, with the inauguration of the Blackfoot cycle, although
as elsewhere in the general region some movement might still be in
process. During the subsidence, and especially after most of the down-
warping had taken place, vast floods of basall issued from fissures or
vents along reopened earlier fault planes and filled that great depression
to its present level, building up the vast Sunake River basalt plain.
Some of the basalt flooded the edges of the structural valleys causing
additional siiting. Some streams were turned aside by the basalt as it
encroached upon the region. Thus Raft River, Marsh Creek, and
Goose Creek have each had to form new channels at the edge of the
basalt plain. .

In the Pleistocene epoch here as in other mountainous regions in the
Northwest, glaciation was prevalent in the higher parts of the moun-
tains. Extensive glaciation is recorded rather early in the Pleistocene,
perhaps even before the Blackfoot cycle had started. At that time
Qouth Mountain and the Albion Range were extensively glaciated and
it is possible that other ranges carried glaciers, but evidence of them is
not retained in the less resistant rocks. T'ongues of ice projected from
the top to the very base of the Albion Range along much of its eastern
side, carving the valleys into their broad U-shapes, which, because of
the resistance of the quartzites to erosion, have not been notably
altered to the present day. Glaciers also descended the east slopes of
South Mountain and in the basin below formed a large piedmont or
basin glacier {rom which tongues extended entirely across the Albion
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Range to the basin at Almo and also northward along the basin between
the two ranges to the edge of the alluvial plain near Oakley. Moraines
deposited at the margins and ends of the glacial lobes have generally
not survived erosion and aggradation, but have been smoothed over
or buried under more recent piedmont alluvial deposits. Certain high
tel.ﬂraces and dissected surfaces in the Black Pine Range suggest glacial
f)ngin. These are high above the present valley or canyon fleors, and

if they represent this same epoch of glaciation, offer evidence of a pre:
Blackfoot age for the glaciers.

. Glaciation also occurred much later in the Pleistocene. 'This glacia-
tion was much less extensive than the earlier and the glaciers were
clustered on the north and east sides of only the highest peaks. Their
lower limits, except on the steep easterly slopes of Cache Peak, did not
pass below 7,000 feet A'T. These carved cirques and rock basins of
nqtab!e size, in which lakes are still impounded. Morainal forms are
fresh and but little changed by subsequent weathering and erosion.
These relations suggest a comparatively recent or late Wisconsin stage
of glaciation. These glaciers occurred in valleys belonging to the Black-
foot cycle. During this time and perhaps a little earlier, Lake Bonne-
ville washed the southeast and east slopes of the Black Pine Range.

Filling of the structural basins and valleys has been an important
process since the ranges were blocked into their present forms rather
early in the Pleistocene. Waste from the higher border lands has
strewn the basins and has aggraded them, raising their levels hundreds,
and in some of the larger perhaps a thousand, feet or more. This
process still continues, for the vast piedmont alluvial plains increase
in size yearly as debris is brought down from the higher lands.

MINERAL RESOURCES

. (Cassia County has a considerable variety of mineral resources,
including metallic but especially nonmetallic varieties. These resources
have, however, been but little developed and constitute in the main
large potential reserves.

Among the metallic resources are deposits of lead-silver ores, zinc-
silver ores, and inconsequential amounts of other metals. The non-
metallic resources offer much greater variety and among them may be
listed building stone, limestone, road metal, quartzite, voleanic ash,
mica, clay, feldspar, and cyanite. There is also the possibility that the
Phosphoria formation, which contains immense quantities of phosphatie
shales in southeastern Idaho and constitutes the chief mineral resource
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of that region, might contain the phosphatic shale horizon here. Water
for irrigation is the most valuable resource in the County, as nearly the
entire population of the County 1s directly or indirectly dependent on
it for a livelilhood. Neither the water resources nor the phosphate pos-
sibilities will be discussed in this report, but because of their magnitude
should be made the basis for separate detailed investigation.

ORE DEPOSITS
HISTORICAL SKETCH

It is not known just when the first discovery of ore was made
within the district, hut it was probably rather late in the past century.
Yeveral loecations were made about Lhe year 1880, among these the
Silver Hills mine on the Black Pine Range, and several properties on
Tairchild and Conner Creeks in the Albion Range. As most of the
properties have changed hands several times, il is exceedingly difficult
to trace through their histories. Most of the properties were prob-
ably discovered and located about the same time, and each worked
in a desuttory manner for many years after. Only within the past two
decades have attempts been made to work any of the deposits by well
organized companies. Most important of these are the Silver Hills
Mining Company, which controls 30 unpatented mining claims in the
Black Pine District, among them the Silver Hills mine; and the Melcher
Mining and Milling Company, operating several claims il the Stokes
district on Conner Creek in the Albion Range. The Meleher Mining
and Milling Company was incorporated as far back as 1899 and has
done much development, including the instaliation of a modern milling
plant. It, however, has been inactive during most of the past decade.
The Silver Hills Mining Company was incorporated in 1920 and has
continued more or less active to the present day.

Sporadic shipments of ore have been made from the distriet since
the early discoveries. It is reported that some ore was shipped from
the Silver Hills mine aboul 1894, also 14 cars of ore from the nearby
Hazel Pine about 1914, and six cars of rich zine ore from the adjoin-
ing Ruth property during the World War. Shipments of small amounts
of ore are also reported from several properties in the Albion Range
prior to 1900 and some shipments have been made since that time.
Unfortunately the writer was unable to obtain any information from
officials of the Melcher Mining and Milling Company and nothing
is therefore known of its production or years of operation. So far as
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known no shipments have been made from any of the properties during
the past decade, although prospecting has remained fairly actlive.

GEOGRAPHIC AND GEOLOGIC DISTRIBUTION

The ore deposits occur in two widely separated parts of Cassin
County, one on the southeast slope of the Black Pine Range, to which
the name Black Pine district has been given, and the other in the
Albion Range. Deposits in the Black Pine district are grouped in a
comparatively small area, but those in the Albion Range are much
more widely scattered, Most of the mineralization in the latter is in
the north section of the Albion Range, mainly on Conner Creek and to
a less extent on Fairchild and Boulder creeks on the west slope of the
range east and northeast of Qakley. Some mineralization also shows
at the north end of the Range, not far from Atbion and Declo. Al of
these deposits are assigned to the Stokes Mining district.

Only the older rocks of Paleozoic and pre-Cambrian age conlain
known mineral deposits. In the Black Pine district the deposits are in
the Carboniferous rocks, mainly in the Brazer limestone. In the Stokes
district they are in the pre-Cambrian Harrison quartzites and to a less
extent in the Carboniferous rocks.

GENERAL CHARACTER OF THE DEPOSITS

The deposits are essentially of two kinds, fissure and replacement
veins. This character is determined mainly by the nature of the enclos-
ing walls. Veins in the quartzites of the Harrison series are essentially
fillings in fractures, those in the limestones have formed by replacement
directed along fissures or fractures.

The most important metals contained in them are silver, lead, and
zine. Other metals present in minor amounts are copper, gold, anti-
mony, and mercury. Classed as to metals the veins are those of silver-
Jead, silver-zinc, zing, and mereury.

Deposits in the Albion Range are mesothermal, according to Lind-
gren’s scheme of classification;' that is, were formed under condilions
of moderate temperatures and at moderate depths below the earth’s
surface. ‘Those in the Black Pine district are epithermal; that 18,
formed at low temperatures and pressures and.supposedly at but rela-
tively slight depth below the surface. This genetic distinction 1s
apparently the result of two distinet and widely separated epochs of

1 Lindgren, Wuldemar, Mineral deposits: MceGraw-1ill Bock Company, 1928.
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metallization. The mineralization in the two districts is therefore
wholly different and unrelated.

MINERALIZATION IN THE STOKES DISTRICT

CGEOGRAPHIC FEATURES

Mineralization in the Albion Range or {he Stokes district is confined
mainly Lo three rather widely separated localities. The most extensive
mineralization has been on Conner Creek on the east side of the range,
about seven miles due south of the town of Athion or twice that distance
by road. Most of the deposits are on the north side of the valley and
at the head of the creek. The most extensive workings are in this
part of the district, and among them are the properties of the Melcher
Mining and Milling Company and the Big Bertha Mining Company.
Several others have also been extensively developed or prospected.
The property of the Melcher Mining and Milling Company is the only
one accessible by auntomobile. All properties lie high on the sides of
Conner Creek valley at elevations ranging from 7,000 to 8,200 feet A.T.
The Old Bertha is on the summit erosion surface at the top of the range,
overlooking Conner Creek valley.

Mineralization has also been fairly widespread on the west slope of
the range, mainly along Fairchild Creek and Boulder! Creek. These
places are easily reached from Qakley. Much of this region has been
well prospected, but no deposits of consequence have been developed.
This part of the district lies seven miles and more from the deposits on
Conner Creek. :

There is occurrence of mineral also in the northera end of the Albion
Range. The Old Dominion property lies about four miles northeast of
the Ltown of Alhion. It is the only mining property in this part of the
range. Minor occurrences of mineral are reported nearby and particu-
larly near the extreme end of the range east of Declo. This part of the
district is easily accessible.

GECLOGIC FEATURES

Deposits along Conner Creel are in the quartzites and micaceous
members of the lower division of the Harrison series. These are cen-
tered very near the crest or axis of the dome or anticline which consti-
tutes the main structural feature of the northern section of the range.
Those lower on the creek are on the east flank of the antieline and those
near the head of the valley are on the west side. Some of those between
are very likely along the axis. Specific grouping has been, however,
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largely about a small stock of porphyritic granite whose intrusion has
been near the center of the dome or near the axial line of the dome.
Deposits lie near the east, west, and north margins of this stock and in
part within its borders. This grouping is significant as it suggests that
the mineralization has a genetic connection with the granitic intrusive.

On the west slope of the range the deposits oceur in part in the
middle division of the Harrison series and in part in the underlying
block of Pennsylvanian strata. These deposits lie on the far west side
of the dome and mainly in the overridden younger rocks. The strata
both above and below the overthrust fault plane have been considerably
disturbed, especially by subsidiary fractures.

The geologic relations at the north end of the range are very like
those on Fairchild and Boulder creeks, except that the rocks may be
even more disturbed by faults.

CHARACTER OF THE DEPOSITS

Deposits in the quartzitic members of the Harrison series occur
essentially as fissure fillings, enlarged slightly by replacement. Those in
the limestones are replacements. Most of the veins fall into the first
grouping. Metals furnished by both kinds of veins are mainly lead and
silver, and to a much less extent, gold and copper. (Quartz constitutes
the chief gangue mineral and generally the main filling. The veins may
then in general be classed as silver-lead-quartz veins.

MINERALOGY

GENERAL SUMMARY

The main ore minerals of the veins consist of galena and to a less
extent tetrahedrite, pyrite, and chalcopyrite. Arsenopyrite, specular-
ite, and sphalerite are recorded, but are rare. Secondary minerals,
though not profitably abundant, include a Jong list. Most common of
these are pyromorphite, cerussite, anglesite, limonite, azurite, mala-
chite, chrysocolla, and covellite.

PRIMARY MINERALS

Deseriptions of the minerals will not be given in order of abundance
or other distinctive features, but in the order of their deposition from
the vein solutions. The listing is therefore paragenetic.

Quartz: Quartz is the most abundant mineral in the veins. Much of
it oceurs in massive form, less often as drusy crystals in clefts. It
oceurs mainly as a massive fissure filling, but locally it may replace
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schist or granite walls. Some occurs in reticulating veinlets in crystalline
limestone, as in the Old Dominion deposit, or shows massive replace-
ment of the limestone. The massive vein quartz has a white granular
appearance and is moderately coarse.

Shattering or [racturing of the quartz has everywhere preceded the
introduction of sulphides. Where fracturing of the quartz filling has
not oceurred the vein is barren, where fractured, sulphides have entered
and have not only closed the fractures but have also enlarged them by
replacement. The sulphides thus occur as tiny reticulating veinlets in
the quartz, or, where replacement has progressed to advanced stages,
as larger granules or bands of irregular size and width. In places where
open clefts remained after the quarlz had been deposited, the sulphides
coat the quartz crystals. Some quartz presents good crystal outline
against the sulphides, even in areas of replacement, and it is therefore
likely that ils deposition also continued in later or sulphide stages, bul
in more subordinate amounts.

Specularite: Specularite or specular hematite was noted in but one
specimen from the Old RBertha. It occurs in tiny black scales (reddish
streak) in a fracture in the white vein quartz. It is notin contact with
sulphides.

Pyrite: Pyrile is not notably conspicuous in any of 1‘Lh_e deposits,
although always present. Itis apparently nonauriferous, for what gold
there is in the veins seems to be associated with the galena.

Some of the pyrite is aligned along fractures in the quartz. In such
position it always has excellent cubical outline, which it assumed during
replacement of the quartz. Most of it, however, has been engulfed in
later sulphides and against them its outlines are partly irregular, due
to its partial replacement by them. It also forms small residual grains
in the other suiphides.

Arsenopyrite: Arsenopyrite was noted only in ore from the Albion
group in whieh it is sparsely associated with other sulphides. Its rela-
tion to pyrile is not known, although probably somewhat later in its
deposition, but it does show engulfent by other sulphides and also
partial replacement by them. Crystals or grains are microscopic in size.

Sphalerite: Sphalerite was noted in very spare amounts in ore from
the Old Bertha niine, and also in ore from the Albion group. Its pres-
ence was determined only from microscopic examination. Some of it
holds inclusions of pyrite. In turn it is similarly included and partly
replaced by other sulphides. Most of it contains minute scattered

GEOLOGY AND MINERAL RESOURCES OF EASTERN CASSIA COUNTY 107

grains or blebs of chalcopyrite arranged symmetrically along its crystal-
lographic partings, an arrangement and relation usually aseribed to
unmixing from a solid solution.

Tetrahedrite: Some of the silver eontent of the ore is probably due
to the association of tetrahedrite with galena. Tetrahedrite occurs
most commonly as microscopic inclusions in galena. More rarely it
forms larger grains and masses. In the latter form at the Old Bertha it
shows replacement of shattered sphalerite. In turnitis partly cement-
ed and replaced by galena. In all the deposits it is mainly older than
the sulphides not yet described.

Chalcopyrite: Chalcopyrite is nowhere abundant except in parts of
the Albion vein. It usually forms as small grains in galena, or veinlets
or granules replacing quartz, sphalerite, and teirahedrite. Its deposi-
tion mainly preceded that of galena, for the lalter shows some slight
replacement structures.

Galena: Galena as the chief ore mineral forms grains, granules,
seams, or bands in the vein quartz, usually with much less noliceable
pyrite and chalcopyrite. Much of 1t tends to occur in massive, coarse-
grained aggregates of cubical crystals, but that at the Old Dominion
is very fine-grained and that in the Albion vein is mashed and schistose,
due to post-mineral slippage along the vein. An assay on some nearly
pure galena from the bins of the Melcher Mining and Milling Company
shows values of 99.4 ounces in silver and 0.01 ounces in gold. Exami-
nation of polished surfaces of this ore reveals tetrahedrite as minute
inclusions, but probably not sufficiently abundant to account for all
the silver in the ore. 1t is probable therefore that the galena is argentif-
erous and carries some silver mineral in solid solution.

The galena is the last mineral to be deposited. It also cements the

“fractured quartz, replaces the quartz pieces, and cements and corrodes

the other sulphides. At the Old Bertha it fills fractures in the chalco-
pyrite; in the Albion ore it partly replaces the chalcopyrite.

Gold: Itisnot known in what form the gold oceurs in the ores. None
of it was seen in the free state. As mentioned earlier, the gold values
seem to increase with the lead content.

SECONDARY MINERALS

Copper sulphides: Covellite, and to less extent chalcocite, consti-
tute the only secondary sulphides. Neither occur in sufficient abund-
ance Lo be noted except in microscopic examination of the partly oxi-
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dized sulphide ore. Covellite generally forms patches in anglesite near
galena residuals or as irregular borders on the galena. It also forms on
borders of chalcopyrite in contact with galena. Elsewhere oxidation of
chalcopyrite yields chalcocite.

Copper carbonates: Malachite, and less commonly azurite, form thin
patches or coatings on the vein quartz or in the cavities left from the
oxidation and removal of sulphides. They also form on the surface of
the partially oxidized sulphide residuals. Neither can be considered as
more than surficial traces in most of the veins.

Copper silicate: Chrysocolla and also copper pitch ore oceur in some
of the deposits. The copper pitch ore is but a minor product following
the replacement of the chalcopyrite by chalcocite. Chrysocolla is con-
fined mainly to the outcrop where it forms minor crusts and patehes,

usually with malachite and azurite.

Pyromorphite: Pyromorphite, the chlor-phosphate of lead, 1s con-
gpicuous as a secondary lead mineral near or at the surface of most of
the lead veins and usually in the surrounding eountry rock. It occurs
mainly as greenish crusts or coatings on the vein guartz or quartzite,
or as crystalline aggregates lining clefts and fractures. Its crystals are
mainly prismatic or barrel-shaped, less commonly fibrous. In its non-
crystalline occurrences it assumes reniform or botryoidal forms. Colors
range from deep green Lo yellow-green and less commonly to hrown.
The mineral is particularly noticeable at the surface alohg the veins
near Conner Creek. '

Cerussite: Cerussite, lead carbonate, is common in the upper part of
most of the veins, usually as ashy gray crusts or in earthy forms, more
rarely in erystals, Unfortunately, oxidation has nowhere extended far
beneath the surface and the carbonate zone is not thick. Much of the
cerussite also encloses residua of galena. Some, along with the partly
oxidized galena, has been marketed.

Anglesite: Anglesite, the sulphate of lead, is conspicuous only as an
incipient oxidation product of galena. Its usual occwirence is as
minute veinlets in galena, developed by replacement and directed by
cleavages within the galena. Anglesite is not a particularly stable form
of lead, but the sulphate is usually replaced by the more insoluble
carbonate.

Iron oxides: Iron gossans are not conspicuous except on the high
ridge at the head of Fairchild Creek. The gossan is composed mainly
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of limonite, but has a little hematite and a little manganese oxide. Its
formation is probably the result of the oxidation of pyritic bodies.
Assays for gold and silver revealed the presence of neither.

Some iron oxides occur in the upper parts of the veins on Conner
Creek and elsewhere, but the amount is not great, probably hecause
neither pyrite nor chalcopyrite are abundant as primary minerals.

MINERAL PARAGENESIS

Clear evidence can be obtained from polished sections that crystal-
lization did not take place simultaneously, but that the different pri-
mary minerals were formed successively. The intimate intermingling
of the minerals show convincingly that the great mass of the ore in
most of the veins was formed from solutions of essentially the same
character that underwent gradual change instead of from a SUCCession
of distinctly different solutions. Deposition was sufficiently interrupted
at times by movement along the vein to shatter or fracture early min-
erals. Most propounced of these movements concurrent with mineral
deposition occurred after most of the guartz had been deposited and
before the sulphides were deposited.

The paragenetic sequence, without restating the essential relation-
ships brought out in the description of the individual minerals, may be
given as follows: quariz, (specularite), pyrite, (arsenopyrite), sphalerite,
tetrahedrite, chalcopyrile, and galena. Most abundant or most valuable
minerals are italicized, those whose positions are nol accurately fixed
are in parentheses. 'This sequence exhibits no unusual peculiarities,
but is rather characteristic of quartz-lead veins in the Cordilleran region
in or near intrusive bodies of granitic rock.

DEPOSITS
STRUCTURAL FEATURES

Most of the veins occupy well-defined fissures whose walls are sharp
and distinetly set off from the vein filling. Less commonly the deposits
constitute small quartz stringers in poorly defined shear zones, and this
kind is only slightly less common than the irregular bodies developed
by replacement of calcareous rock. Quartzite, especially, has not been
amenable to replacement and fissures in such rock have had their essen-
tial forms retained. Schist and granite have heen less resistant to
replacement by the mineralizing solutions and fissures in them show
some modification by wall replacement.

Fissure veins are typically tabular, but exhibit a variable amount of
pinching and swelling. Locally some of the lenticular bodies attain
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chimney-like proportions near fracture intersections, but in general the
veins seldom exceed six feet in thickness and usually not more than
three. Most of them are persistent for several hundreds of feet, and
extend to considerable depth, although in no place has development
been sufficient to afford a satisfactory basis for estimating the actual
depths to which the deposits might be expected to extend. Deposits in
caleareous rock on the other hand usually swell into large chimney-like
masses as much as 50 feet across. This kind is very erralic and oceurs
only infrequently along the zone of fissuring and may pinch out in
depth as sharply as it does horizontally. Much of the chimney mass
consists of a ramifying network of small quartz stringers. Some string-
ers also oceur in sandstones and quartzites, locally forming a reticulating
vein system. Individual stringers usually do not exceed an inch in
thickness and are too widely spaced to form profitable deposits.
Position of the fissures with respect to the major structural features
“of the region has already been cited. Those on Conner Creek are near
or essentially along the anticlinal axis of the range; those elsewhere, on
the far west Nank of the anticline or in the underlying block of Car-
boniferous rocks. In general the direction of fissuring closely parallels
the trend of the major structures, and the individual fissures strike
mainly to the northeast from 10° to 45°, more rarely, to the north-
west. The dip of Lhe fissures is usually steeply to the west or northwest.

None of the mineralized fissures give any indication of large relative
displacement. No doubt these fissures are genetically related to the
major structural disturbance in the region and antedated the intrusion
of the granitic bodies. None of the larger faults, which are believed to
have been produced at this time, either normal or reverse, are known
to be mineralzed, perhaps because the gouge along such faults was so
finely comminuted and so tightly compressed that it was impervious to
the passage of ore solutions. Several of the veins are in part in granitic
rocks, and the fissuring preceding their formation obviously took place
after the intrusion and consolidation of the rock. The major orogenic
movements and the batholithic intrusion in this part of Idaho are
probably intricately related parts of the same general process. Part of
the disturbance of the stratified rocks at any particular place doubtless
preceded the advent of the granitic magma, and part of it took place
concomitantly with and shortly after the intrusion. Tt seems probable
that the fissuring whieh provided paths for the ore solutions was a
minor feature of this great process of mountain building and intrusion
and that it continued without interruptions throughout the period of
disturbance.
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"There is abundant evidence of recurrent movement along the fissures
during the mineral deposition and after the major period of ore deposi-
tion. In some of them minerals first deposited were intricately brecei-
ated before the later minerals were formed and this process apparently
took place several times and to a varying extent in all the deposits.
Some of the ore, especially the galena ore at the Albion vein, has been
extensively crushed and ground into & fine-grained aggregate, showing
a schistose structure. ‘This feature is due to post-mineral movement.
Post-mineral faults crossing the veins have been found in the course of
underground development, but displacement along these has not been
great. '

' YEIN STRUCTURE

Most of the fissures have been entirely filled with massive quartz
throughout the greater part of their length, but here and there open
clefts remain filled by drusy quartz erystals. Occurrence of open spaces
is the exception, however, rather than the rule. None of the veins show
evidence of crustification other than the occasional open cleft, nor do
théy show evidence of banding. Sulphides, and in particular galena,
occur as small grains, granules, or masses scattered irregularly through
the vein quartz, usually directed along small fractures in the quartz.
Less commonly the galena forms massive bands or seams, then usually
not more than two or three inches wide and of no great length. Such
massive bands are usually lenticular. In some places the galena forms
irregular masses as much as six inches in diameter, but mostly its occur-
rence is in much smaller masses of such size that milling is an essential
process for its separation from the quartz gangue.

The veins are seldom mineralized with ore for more than two or
three hundred feet along the strike and usually for much shorter dis-
tances. Ore shoots have been in part formed along the shattered zones
in the early quartz filling. There is no way, so far as the writer knows,
of forecasting the occurrence of such zones or their disappearance.
Localization of ore shoots along some of the veins has also in part been
determined by cross fractures or fissuring. Increased porosity resulting
from such fracture intersections seems most favorable to the passage of
mineralizing solutions and the development of ore shoots.

SECONDARY ENRICHMENT

Ore from near the surface, recovered in the early days, was mainly
oxidized and consisted largely of cerussite enclosing residual grains and
lumps of galena. This ore was probably richer than that at greater



L2 BULLITES 30, T HD BLEREA 01 MENES AND GREOLUGY

depths, for shipping ceased soon after the essentially primary ore had
heen eneomntered. Pl of its enrichment was silver, but no informa-
tion conceruing the silver and lead ratios voulll be obituined,  This sce-
ondary ore s no longer an important factor and does notl warrant
further discussion.

In sotme of Lhe veins envichment or even oxidition is searcely notice-
alde more than a dozen fect helow the surface.  In others, partially
aftered ore extends [ron 50 to 101 feet helow the swrface, hut through-
out. this depth theve has heen little enrichment.

GESEFTIN CLASSIE ROVTToNS

Deposils sueh as hese in the Stokes distriet fall into the group
regarded hy Finderen? as mesothermals that s, into these metaihferous
deposits formed at intermediate temperatures by ascending thermal
solutions and in genetic connection with mirnsive rocks, Absence of
such minerals s magnetite, garnel, pyroset, tourmaline, pyrrhotite,
shows thal o high depree of heat did not prevail al the tiine of penesis,
bul that the femperature must have ranged from 1757 to 300°C. The
thin seam of sperularite Tound inone of the veing might suggest, locally
at Jeast, that temperatures were somewhat Bigher; bul specularite is not
a relinble thermal indicator, for it is known Lo ocenr in deposits of Tow
temperature characteristios. But in most deposits in the Stokes district
the conditions were niueh helow the by pot herawal range, although still
much above the epithermid, Fhat conditions of depostlion were nol
gpithermal or near surface is indicated from the complele absence uf
minerals choreteri=te of that type of depostl. The «eposits in the
Siokes distriet alsu lack the extremely Treceited structure commaon in
deposits formed near the curlaee and abso the leaticubr form of deep-
seated deposits, Fissures nre fairly regular in strike and dip and appar-
ently stood partly open hefore being filled with vein matter. There isNo
way of determining the exact oy even approximate depth of these
deposits heneath the surluce at the time of their formation, but it prob-
ably exceeded womile, \linerals in them, such as the association of
pyrite, malena, sphaterite, chadeopyrite, tetrahedrite, arsenopyrite, are
especially common in the mesot hermad tvpe ol deposit.

VG OAND GENERES

It has come Lo be generadly reconized that ore deposits sueh as
thase here described are formed Dy heated solutions derived from intru-
sive igneous rocks. There can be litle doubt that the mineralization
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in this district is related 1o the Cassia hatholith and its outliers.  Ar-
rangement of the veins about and in the upper part of the stock on
Conner Creek is especially suggestive of such o relutionship. [t has
already been shown that the fissures were produced before the advent
of the mineralizing sodutions, and the solutions followed the fissures
because they oflered the east resistance to their passage. It has also
been explained that must of the fissuring occurred during Lthe great
orogenic movement when the strata were folded and broken by Taults,
and that intrusions of granitic magma followed soon after. As the
mountain building is helieved 1o have taken place v the late Creta-
ceous and 1o have extended uto the carly Fovene and as the hatho-
lithic intrusions came during the Iater part of this cpoch, the mineraki-
zation is therefore lale Mesozoie or more likely early Tertinry. The
characteristics of these deposits differ sharply from those in the Black
Pine districl and from those in the Mioeene favas in neighboring or
nearby districts," where the mineralization is refuted to aoyounger ¢poch
of igneous aclivity.  Thev resemble to some extent deposils assoeiated
with granilic rocks of similar age elsewhere m ldahot and do not
resemble deposits associated with Tertiary rocks cither in ldaho orin
other parts of the Rocky Mountain region.

COMPARLISON WITH DEPOSETS BN OTHER REGTOLRS

Prominent veins carrying mitky quartz and sparsely disseminated
tetruhiedrite, galena, and usually zine blende, with subordinate pyrile,
are common in the Cordilleran region of the United Slates inoor near
intrusive hodies of grmitic texture. According to bindgren, many
such veins are found in the geeat hatholiths of Tdaho aud Montan, Drtet,
the deposils are on the whole poor and rarely waorked, although {rom
1870 to 1890 the enviched surface zones in many places vielded much
silver. These veins are not to he confused with the rieh gabena-sidente
veins in the famous Coeur (2 Alene distriet of Tdaho or with the formerly
productive tetcuhedrite-gralona-siderite veins in the Woad Wver distriet
of Idaho, The galena-quartz veins sueh us are represented in the Albion
Range are essentially distinctive from them, although probahly formed
at the same time and under similur conditions, hut from solutions of
somewhat different composition, especially from solutions low or defi-
eient in iron and carbonate.

¥ Andersim, A, E, Geobagy aml ore doposivs of the Tava Credk district: Blaho Burean of Mo and
{icology Pamphlet 32, B2y, ' Lepesits an et Lova in the Subion Biver Abeuntaing,
1dubo: Tdabo Burrau ul Mines bifer

2 Ransome, F. L., and ¢al - sl thes Coear 7 3 Bene Mg dis-
trict: 1.5, Geol, Sarvey Frofo Paper 62, 100 X . st Lo O sl R, O 1 Goeobongy
and vre deposits of & Nood Hiver region, bdabar 1080 Geel, Sapey 1sull, A13, 10,
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axis, and e inand above ihe roof of the granitic stock menlioned
ahove. The principad vein at the surlace strikes N. 30° 1., and dips
EE® NV, 11 shows some slight chanpes in both strike and dip below
the surface and also some offsets beeause of post-mineral faulting. Al
the surface its width varies from 18 1o 20 inches, but underground it
inereases in plices Lo six feet, Some of the other veins have similar
trends, but several strike to the northwest.

The principal vein has been opened by two main tunnels and by
severnl shorter ones. These are joined iy radses andt shafls, some of
which extend (o the surfave. The lowest tunnel is not entirely acees-
sible. as ore [rom a broken bin well baek from the portal has effectively
souled off 1he vemainder. The next funnel, about 100 feet above, is
eaved ab the portal. The conditions of the raiges hetween the two
tunnels did nof enconrage examinalion of the vein in the higher tuonel.
Only aboul 910 feet of (he lower (Grants tunnel could be examined.
It is reported to comtinue for at leust another 2,000 feet,  From the
blocked point to the portal the vein alternately pinches and swells,
generally from nothing 1o three and one-half feet, or in some places
breaks up into smabler stringers. One of 1he lenticutar masses conlains
senttored masses of ore,  This character is maintained Tor about 145
feel, the fissure showing some change in curvature as well, and then
the vein enlarges to six feet and maintains this remarkably uniform
width for about 25t feet. Much of this part uf the vein carried ore, as
evidenced [rom the stoped area above. The fissure then crosses soft
schist, and, aithough the fracluring is Tairly pronounced, the greater
quantity al gouge developed did not permit ready access to the miner-
alizing solutions and (he fissure is mainly harren, with recwreat stnall
lenticular quartz masses. Much drifting has been carried (o the west
from a poinl 300 feet from the portal, but only small sewms of quariz
have been disclosed. This drift also reaches the sutfuce and it repre-
sonts the earlivst work, =ubsequently shunted oIl by ashorter and more
direct tunnel 1o the vem. The tunnel about 100 feet above is reported
to e but 200 feet long. Underground the vein has an average trend
of N 207 [, bul varies from N. 10 1 1o NLoP L

Qeveral ents have heen made higher an the voin, and nunerous culs
and shillow shafts have heen sunk on other veins Lo the cast, including
coveral tunneds now inaceessible, Small guantities of galena and pyrite
are strewn on some of the dumps. (e vein has an especially favorable
oulerop, but o long crosseul driven [ar below the cropping revealed
polhing with depih. Although the veinis in guartzite at the surface,
the tunnet below was almaost entirely in igneous rock, The tunnel is
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reported 1o he 1,600 feet Jong. It is caved al the portal. Quurlz
stringers and veins are numerous in the valley slope, bul few of them
are more than lightly minerahzed.

BIG BERTIEY GROUE

The Big Dertha group lies at the summit of the wide flat ridge be-
tween Conner Creek and Howell Creek at an elevation of about 8,200
fect AT, about two miles northwest of the Aleleher mine. 1t eannot
e reached by ear, hut supplies and equipment have been brought in
by wagon. ‘I'his property. consisting of 13 unpitented claims, 1s owned
Ly the Big Bertha Mining Company, incorporated iy 19240 10 15
reported that 12 tens of ore were shipped from the property about
40 vears agq, consisting mainly of lead carbonate with good values in
lead and sitver. 1ast work on the property, other than annuual lubor,
was in 1926

Little could be learned on the ground, s prospecting anel develop-
ment has had Lo procecd theough shalts, all of which are now INacees-
sible. Severul shatlow culs, however, give some Information concerning
{he veins and mineratogy, Judging from the alignment of the euts and
chafts there must be seversd veins, all of which have yielded o little
ore. These veins, where they van be examined ut ihe surface, are no
more than a foot wide and consist essentially of niilky quartz with
spocadic recurring small pockets of galena, At the surface most of
{he galena hias altered to cerussite and to lesser extent Lo pyromorphite.
Other minerals identified in polished surfaces consist very subordinately
of sphalerite, Letrshuedrite, chaleopyrite, arsenopyrite, und specutarite.
Assays an ore samples tpossibly concentrates) are also reported Lo earry
$14.00 to $16.00 in godd per tun. As the shafts and cuts ave aligned for
soveral undred vards, it is apparent that the vems must he of equal
length.

One of the shafts is 120 feet deep, another 30 Teet. Several others
are from 35 to 40 Teet deep. From one several short crossculs hivve
been driven. One long crosseut has been started some distance below
the crest of the ridge, but it has not reached the veins, nor has another
tunnel started nearby and ahandoned.  These are reported to he 500
and 400 feet fong respectively,

ALBLON GROUF

. . . . .
The Albion group, formerhy known as the Badger, lies about o mile
west of the Melcher mine and at about the same clevation. [t is
reported that aboul five carloads of ore husve been shipped, one v of
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30 tons returning values of $2,200.00 in lead, silver, and gold. DMost of
{the work consists af o tunnel about GO0 Teet long, now wved about
470 Teet Trom the portal.

The tssuring vrends Ahout N, 120 1 and varies in dip from vertical
to steepty west. Mast ol i passes through schist \?'llmse strike is N, 50°
W and dip 26 815, but itakso exlends across prantlic upuph}-’&lsu& Mo.sl
of the fGssure is hut very sporadically mincralized, and o series of dis-
connected lenses constitute (e vein. usuadly not more than three feet
qeross al the widest, topether With tinor seaans and siringers, Lieposi-
Gon of the quartz i these jenses s been mainty by lilmg, :}!sca_ill ]):n:l
by replhicenient ol (he sehistose wadl, Tn=ome places he main 1lSHLH‘.L‘ 18
intersected by other lissures, Al Lhiese, oo, GHITY RAFTOW GUartz Verns.

Vinerdizition consisis MMy of walena, muehof it pranulated or
mashed by post-mineral movement alonge the plane of the vein, ;mti‘ of
lesser pyrite and chateopyrite, and of sparse el rahedrite and }S]Jh:\h’l'llf‘..
Alast of the sulphides Toem narrew pompaet seams ar bads in the vein
quartz, although some i disseminated. The massive ll;ll\(.i.‘i are seldom
over two inches wile, hut some do wntnin aowidirhe of a fool or mare.
Sueh bands are alwiys short. Cladeopyrite s more abundant in ll.us
vein than elsewhere in the district and seems o inerease in quanuty
with depth.  Cielts in the vein Huoed with drusy guartz ervstals are
also commot.

These lenses have been followed for more than 150 [eot, hut the
stoped area does not cover Lueh over 200 Teel. Small ratses oF Stopes
are numertus, and from their shapes indicate (hat the shoots must be
maore or less chimueyv-like,at hough nol moere than four or five feet wide
and usually not moere than Lwice as tong. The stopes Tollow only the
richer part of the shoois qid are not continuous ahove the tunnel !.LT\'('[.
Sroping has not extended upward for more than o0 feel.  Depth gained
by the tunnel is about 160 Teet,

TUAL the swelaee the vein shows grealer width, nearly eight feet.
In ome place it consists of A0 feet of harren quintz. Severnl shafts ;.nml
cuts have been made an the outerop higher on the ridge, also o 100-Tuot
tunnel has been driven on (he vein. Some malachite ad considerable
pyromorphite show at the surfaee.

GOl DN CAGLE PROPE Wy

The Golden Fagle property os ubond o mile west ol the Albim
group or high above 1he sharp bend i Conner Creek wl an elevation
nenr 7.200 feet AT Ahout T tons ol ore were shipped in U.l(_‘ ea_u'l_v
duvs of mining, hut there has bren no recent produetion. Workings
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are old and generally inuccessible.  One shalt is reporled 1o be 140
feet deep.

The vein is of the fssure (ype in quartzite and strikes about N 1457
E. und dips 70" NW. 1t hus been explored by several cats and winzes
from the surface for a distance of whout 50 yards along the strike. T'he
vein is from two to four feet wide and contains mainly oxidized ore,
consisting largely of cerussite with residual grains or hernels of gnienz,
alsn of a smaltl amount of pyromorphite. Assays made on some of the
carbenate ore showed 004 vunees i gold and 15,6 ounees in silvey
per tan.

A tunmel has been started aboat 160 Teet below the oulerop and
gevernl hundred Teel to the east, and, abthough it s passed through
ahout 300 feel of vock. it has not cut the veia. There is e way ol
ascertaining the chavacter of the mineradization or the size of the vem
with depth.

IARKES ANDHUME PROPERTY

The Harris andd Hume property Jies near the head of Conmer Creek
al an elevation of about 7000 feet AT, ahout (wo miles wost of the
Melcher mine and one-liall mile north of the Guodden Ilagle.

The country rock consistz of white quartzite, in part the conglom-
erate gneiss Tacies of the lower division of the Frarrison series. These
strata strike N, 0% Wooand dip 15 SAV,

Material on (he dump of the maim tunnel consists largely of guart vite
frapments, together with saine ore amd vein quartz, in part drasy. Some
of the quartz is coaied with pyromorphite and most of it s stained
Brownish and black with imenitic varnish. The tunnel contains ubout
750 feet of working, inchuding 1wo crosseuts, one 35 Teet long wnd the
other 25 feel longr.  About Hi5 feet of the funinel ix on o very pro-
nounced fissurcd zone trending N, 107 1 and dipping 707 NAWL 'The
quartzite along the fissure is intengely shattered and the rock reduced
to small sharp fragments, even pulverized in places. Phis shatfering
forms a zone froin Lwo to 12 feer wide,  In several places It contains
simall lenses of vein quirtz, usually but @ few inches wide, but ane
locally swells to Tour Teer. These seams have no ore minerads. Above
is 2 short tunnet and shaft. The vein near the shall has some pyro-
morphite aned limonite and it is probably feom this place that the ore
seen on the dump of the lower tunnel wos abtuined.

Gl DOAMINTON MINE

The Old Dominion mine lies about four miles northeast ol Afbion
in the north end of the Albion [ange in See. 16, TS, Ro25 T The
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property was localed in 1888 and produced a little ore in the several
succeeding years.  Workings are not extensive. but include several euts
and shafts, also three tuunnels, two of them about 175 feet long and
one about B feel Tong,

Qeveral veins have heen prospected, hut only one has given encour-
agement Lo developiment. AN are inelosed in limestone or marble and
are replacenment deposils wlong zones of fissuring.  Pre-Clambrian
quartzite overlies the mnrbleized limestone a short distonee above, but
it is not kiown whether the marble belongs 1o the pre-Cambrian series
or represents o much-adtered block of undertving Carboniferous roek.
The latter seems more lkely. The maim vein may be traced for several
hundreds of feet.  Tts width s not constant hut swells inlo chimney-like
masses 10 feol or more across. These enlarged bodies also form the
main ore shoots. The general trend of the fissuring is N. 10° 12, and
the dipris G0 fo 807 NWL Aost of the shoots are composed of massive
quartz, but parts are macle up mainly of ranifying veinlets and seams
cutting the marbie. o the quartz misses and quarlz stringers ave
ocensional small nests or pockets of galena aceompanied by pyrite and
totrahedrite. Mueh of the early ore produced was largely oxidized and
composed mainky of lewd carhonate, enriched in secondary silver nin-
erals.  Only vecasional erusts of malachite can now be found. Work
has not extended below Lhe oxidized zone.

Alost recent work las been dune @ short distance south of the old
workings.  Here o tunnel has penetrated about 15 feet of gouge, 13 feet
of manganese and wron-stained rack, aned through 50 feet of gossan and
tenched vein quartz, with secasional seattered granules of galenu. The
hanging wall lins not heen encountercd, but il is estimated that the lode
iwat least B0 Teet wide,

LAST ¢ 10N Glotry

The Last Chanee sroup les in Seeo 22, 101 S, B2 B oon the
high ridge between the el of Grape Creck and Green ("reek, about
4 mile northeast of Cachie Peak. The work consists of several culs and
4 shatlow shalt. The vein is not far from (he granite contact and is in
the quartzites.  lts strike s about N0 L and dip 707 NW.L lL. is
A figsure filling and is composed mainly of quartz, in part drusy, with
pecasional pad ches of malaehite and chrvsocothin. The veinis 18 inches
wide at the surfacee, No sulphides huve been pncountered.

PROPERTIES ON FARCTHTLD UREER

. . e
Much prospeeting his heen done and is being done on Fairchild

Creck on the west slape ol the Albion Ruange east of Oakley, but so far
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as known no important discoveries have been made.  Near the very
summit of the range are several pronounced veins with heavy gossan
cappings, but assays made hy the Durean analyst fuil Lo show a trace
of either gold or silver. These iron eappings are in the schist series of
the pre-Cambrian amd extend into the Paleozoic Hinestone that lies not
far heneath.

Nare extensive work hus been done lower on the moutainside at
the Gray Copper property. Veins on this property do vol corry heavy
gossans, but consist of 0 series of stringers of vein quarty with ocea-
sional grains of tetrahedrite, mainly altered to miduchite and azurite,
in Pennsylvanian sandstone tocally quarlzite).  These gquartz seams
braneh and reintersect, producing a ramifying network generally Lrend-
ing about N. 707 W, and dipping 70° 8. Most of the individuul seams
are narrow, less than two inches, bul a few are as much as o foot wide.
These show extensive replucement of the shaltered or fractured sund-
stone and (he barger usually contains partly replaced frapments of the
wall Tock.  These seams are too widely spaced and the vein material too
widely diffused 1o encourage the likelihood of commereial ore.

A 500-foot tuwrmel has been driven several hundred feet below the
oulerap, but is now caved about 200 feet from the portal. [tis driven
partly in black graphitic schist and partly in the Pateozoie limestone,
and is evidently in the plance of the great overthrust Ll About 500
feet from the portal a layer of the sehist is highly pyvitic, the sulphide
oceurring as nodules, seimlets or disseminated, and replacing {he sehist.
Assavs reveal that the pyrite carries neither silver nor gold.

PROSEESES ON BOULDER CREEK AND LAND CHEFR

AMuch prospecting has been done on Tand Creek and 1ts tributary,
Boulder Creek, about four miles north of Fairchikl Crecl, alzo on the
west slope of the Alion Range. Pits and cuts are numerous on upper
Lamd Creel, and these have oceasionadly revealed nrow guartz VEIns
in the pre-Cambrinn rocks and the Paleozole limestone. Some have
a littde tetrahedrite, usually altered to malachite and azurile.

The principal workings are on lower Doulder Crecl, not far above
its junction with Land Creek.  Field relations are not wholly clear, but
the vein appears Lo represent a replacement of Wells limestone, although
the rocks exposed al the surfuce nearby are pre-Cambrian yuartzites,
It is probable that the vein is mainly in the bloek of Pennsylvanian
strata from which the pre-Cambrian has been locally eroded or eroded
toa very thin shell. The vein trends N. 50° 1., hut neither igs dip norits
thickness could be ascertained. The ore is reported Lo be argentiferous
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galena and is associnted with white vein quartz. The vein has been
explored by a 40-Tool shaft from which a 170-Toot drift has been driven.
These are not now aceessible. '

MINERALIZATION IN T BLACK PINE DMSTRICT

GCEOGHRAFHIC FEATURES

Mineralization i the Black Pine distriet is confined to o compara-
ively small area on the southeast slope of the Back Pine Range near
the head of Rlack Pine Canyon, along Mineral Guleh, and in several
of the gulehes east of Bhaclk Pine Cone. Fhe entive area covers searcely
more than lony square miles, nainly in Sees Lt 20, 20,26, 27, 28, N,
35, in 010 8, Rods K The deposits are scattered from the castern
bhase of the mountain well up toward the wain divide, but the most
favorable mineraliziion has been at the very head of Blaek Pine Can-
von and near the hase of the Range direetty to the east,

Propertics af the base of the rnge muy o ronehed over roads in
a poor state of repair. These climt directlv ip the steep wlluvial slopes
and are not casity Tolowed hecause of washouts and sage brash. None
of them extend up the main slope of the ringe, although one is usible
for severad hundred yards wp Mineral Gulel, Al connect with sec-
ondary roads in the main Black Pine Basin abeat a mile east of the
county Hue and [rom there comnumeation may Be had with points
eastwird or with puints (o the west or south by passing around the
ends of the range. 1 s possible to reach the main property at the head
of Black Pine Canven by automobile with slow, curelul driving,  This
road connects with the Owden broneh ol the Old Oregon Triid aboul
four miles [rom the south buse of the range.

This part of the range has no tinher other thin seattered putehes of
juniper on its lower soutiern siope and o few rroves of aspenin upper
Black Pine Canven.  Necessary Umboers inminhyg musd be brought in
from Lhe outside or in o roundahont way from the high stopes near the
north end ol (he range.

Lack of water is ilso o serious handica)s to mining and prospecting.
All the gulehes an the east slape are dey excent for o short lime ufter
heavy rains, and there are no springs excepl those several miles from
the base of the range in Blaek Pine Basin. Al water needed must he
carried several miles from below,  Dlack Pine Canyon is also dry mosl
of the Lime.  Fnough sater has been trapped in old workings to serve
toeal domestic needs. 10 s unlikely that enough water could be devel-
oped to supply mitling requirements throupghout the vear.

GEOLOGY AND MINEIL RESOURCES OF KASTERN CASSIA COUNTY 121
CEQLOGIC FEATURES

The minerul deposits lie abimost wholly south of the greal transverse
fault which erosses the range fromy Mineral Guleh on the casi to Kelsaw
Canyon on the west, and are in the block of the Brazer formation on
the south side of the fault plane. Folding and faulting in this scetion
of the range have been diseussed intlie general section on strueture, and
it is only necessary to vestate here the synclinal relation of the strita
along Black Pine Canyon and the westerly tilt of the same strata on
the east slope of the roape as they forn the east b of Lhis syaciine,
11 is necessary only to mention the overthrust charneter of the hMock
of Brazer limestone and shale as il rests above the underlying biack of
cherty limestones and sundsiones of the Wells formation.  Should the
veins persist with depth they wonkd probubly piss from the Alissizsip-
panl series into the vaunger Pennsylvanian tocks beiow.  Mhoerad
deposits have so far heen found only in the lmestone of the razer
formation anid not in the black carhonaceous shides.

; CIARACTER OF THE DEPOSITS

Al depositsin the Black Pine district are replucements of limestane,
directed along fissures or fudts of winor magnitude. These may in
general be clussed as silver-zine replacements, zine replacements, and
cinnabar deposits, The sihver is contained mainly in tetradhedrite, and
for this reason copper might he included i the silver-zine rrouping.
Jamesonite also oceurs in some adundanee in the largest silver-zine vein
and thus the presence of lead might be made the hasis for further
distinetion.  The character of the deposits as well as the nature of the
metallization is distinetly unlike that in the Stokes distriet in the
Albion Range.

MINERALOGY
GENEIA, STRMARY

The minerals in these deposits are of much greater intecest and of
much wider range than these in the Stokes district, The primay min-
erads include guartz, pyrite, sphaderite, tetrahedrite, jamesonite, cileite,
barite, cinnabar and readgar. OF these the quarty, sphalerite, tetra-
hedrite, jomesonite, caleite, and locaily barite are (he most abundant.
The list of secondary minerals is not especially Tong and inehudes manly
smithsonite, calamine, malachite, azurite, scorodite, ad ron oxides,

PIRIMAIY MINERALS

Deseription of the minerats will be taken in arder of their deposition
in order to stress the purngenetie history of the minerahization and its
hearing on the origin or genesis of the deposils,
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Quartz: The most abundant gangue mineral of these replacement
deposils is white milky wranular quartz, usually withoud trace of chalee-
donic or eryplocrystalline struetures. Some, however, have loeal jasper-
oid facies. Shattering or fracturing of the quartz preceded the intro-
duetion of the sulphides.  Where the quartz is unfractured by the early
movement ionr the veins iL eontains no sulphides or other minerals,
Its early [racturing always seems nevessary before the lnter metallizing
solutions cun be introduced and vre shoots delineated. In most deposils
the fracturing has heen stight and is not readily noticed, hut in others
the quarlz has heen reduced Lo aloose breecia,  Later solutions working
through the fractured vein malier have deposited sulphides or other
minerals in Uhe open spaces, but more generally the liler minerals have
enlarged the fractures by replacing the quartz on either side or both
sides of the original opening.  As @ result the sulphides form minute
reliculading nets in the vein quarlz, irregular grains oF masses, and
lenses and bands. i places mueh of the carlier quartz lilling has been
replaced, but in some of the more breceinted zones the pore spaces
have not heen enlirely ¢losed and some of the fater sulphides form thin
surlzce grains or contings. Some gquarlz his alza accompanied the later
metallizing solutions, but the quantity is invariably very small and its
deposition has persisted (hroughout the interval of metallic deposition,
The later quartz does not show replacement by the olher minerals.

Pyrite: Metallization began with {he deposition of pyrite. Its usual
mzmer of deposition has heen by replacement ol the vein quartz and
in this process il has developed its own charieteristic cubical form,
Most of it has been enpulled, Bowever, in the laler suiphides, and
against them the pyrite has irreguiae or ronnded outlines because of
its partiad replacement by them.

Pyrile is nol notably conspieunus in any ol the deposits, although
alwitys present.  [n some is presenee is pnlv revealed from microseopic
studv.  Lack of pyrde, except in very sinall gquantity in most of the
deposits, may in lavge parlt aceount for the general stight oxidation of
the olther sulphides, inasmuch s ferre solulions are usuilly necessary
to aid in the attack by atmoespherie oxygen.  Some deposits do have
a heavy iron capping el this feature sugpests that some may be heavily
pyritized at depih helow the present zone of vlkervation.

Sphalerite: Sphaderite is an important ore mineral at the Silver Hills
mine and probably vecurs in some ahundance beneath the oxidized zone
at some of the other deposits. Tts usual ocenrrence is as dark hrown
10 pale vellow erains, granufes, and irregular masses, also massive
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seams, showing ceplacement of the quartz and containing a few seat-
tered remnants of pyrite.  Some of the pale vellow gruins, however,
form distinet tetrohedrons,

Tetrahedriie: The high silver content of some of the ore is prabably
due to the presence of tetrahedrite. T s one of the main ore minerals
at the Silver Hills mine, where iU is as abundant as (he sphulerite and
it oceurs as occasional scattered granules in most of the other deposits.
In the main cecurrence iU forms prains, granulbes, seams, and hregualar
masses in much the same pattern us the sphalerite. Maost of it is the
silver-rich variety of tetrahiedrite (reibergiter and has o characterstic
reddish-brown 1o nearly cherrv-red streak or powder.  1ts high silver
econtent has been verified by ussay.  In addition (o its high silver,
copper, antimony, and sulphur content, it also has appreciable amounts
of arsenic, Some of the tetruhedrite forms individual replacement gran-
ules or masses in 1the quartz, bul most generally it is directed atong the
sphalerite masses and in part replaces the sphalerite.

Jmmesonite: Jamesonite is most abundant at the Silver Hills mine,
but it has been noted in some of the other deposits. Tt s sufliciently
abundant at the Silver Hill mine to give 3.60 per cent jead an average
sumples of ore. 'The mineral has u steel-gray color, which readily sepa-
rates it from the gravish-black tetrahedrite. T tends 1o oeenr m com-
pact fibrous masses with tndividuals by paraliel position, s slender
needles lining cavities, and ns vompact and slightly sehistose (orms.
These frequently form aggregites or masses as much as 5Ix inclies in
diameter in some parts of the Silver Hills vein. 1 s more abundamt in
some parts of the veins than in others, but it is ravely entirely absent.
The mineral is usnally intimuately associated with sphiderite and tetra-
hedrile, mayv locally exceed them in abundance or may he recognized
only microscapically within them elsewhere. Jamesonite is anotlier of
the minerals that tends toward idiomorphism during replascements and
oceurs charneteristically as laths penetrating quartz, sphalerite, and
tetrahedrite, but ravely pyrite. Tes replacement of the quartz as idio-
morphic laths is especially developed, but its simitar relation Lo the
sphaderite and tetrahiedrite is only slightly Jess marked. As the jame-
sonite inereases in quantity the other minerals are partly o wholly
replaced and (he jumesonite then toses its characteriztic form exeept
at margins, although the lath structure may be brought out with proper
etch reagents.

Caleite: Some deposttion of caleite began before wdl the Jamesonite
had been deposited, hut mast of it came tater, Some shatlering of Lhe
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eurlier minerals preceded the introduction of the earbonate solut.ions,
for fraclures in them arve filled with caleile and some of {he brecciated
sulphides hive been completely cemented. A very minor umount‘of
the jumesanite is contemporiaeous with the caleite in some of thre1 cal-
::itel\-'uinhets, but mosL of it is clearly older than the culeite. ‘ I'hese
relations indirate an overlapping in the deposition of the two minerals.
The enleite shows irrepular distribution i the depasits and forms nar-
row stringers or veinlets, less commonly seams or MisSEs several feet
aeross. The quantity of culeite in each of the vems s not large when
compured with the total flling. fis oeeurrenee s thiat of o tate subor-
dinate gangue mineral.

Soveral veins composed entively of cadette veeur on the east slope
of the mountain helow Blaek Pine Cone Sonme uf these are B0 Teel or
more across but contain no sulphides or ather minerats.  These h_ZI\-'.ll
mainly formed by diveet replicement ol the Iiln(ﬁ{upu, although 1t 15
1mssil;lc thal somne have obliteeated earler quartz fillings.

Barite: Darife has heen Tound as o gangue mineral in =everal of tllae
deposits. In one it forms ranubir crusts aned r'r.\'st:liiine ng;z_regules n‘1
4 very frinhle vein quartz hrecen and constitates approximately a
fnm'li; of the deposit. In the otlier 1 veewrs as sr-nl.l.(-rc(.l granular
masses and ervstals as aopart of o massive vein filling with quariz and
caleite, lts introduetion oceurred after the gtz Lid been Tractured
and also alter most of the calvite had heen deposited, Both the (111;}1‘[’/‘
anel enbeite have in part heen replaced iy the 'n:n'il(’.. In.t.hv first
deposit the elefis and pore spaces have nnt. ~h(.»un entively filled and
tahular ervalals of havite projecting inlo caviies are conmon.

Cionabar: Cinnabar is present in several of the deposits, .but .n.s
inderest is Tarpehy scientific, 10w most abundant in the deposils with
harite, although its ocenrrence has heen noted in sc\'e_ml lh.‘dt ha\'{? no
harite gangue.  In the porous and fviable u,u:u'lz-'h:ml_e l:lnmn.ey it is
uncvenly distributed and forms thin, sooty or dustlike couatings on
quartz and barite erystals or thin lilms in_l'r:sclurcs. In ])lu(’.es it -lS
abundint enough to impart a decided reddish volor 1o small pieces of
the ore. 11 also Torms oeensionad small reddizh gr':mules‘s and reddish
and Dlaekish spols amd grains in the massive \'vi'n fillings of oth.er
deposits. Tnone of these, the cinnabar ulso forms a fifm on tetrahednte
and jamesoniic.

Reulyar: The associalion of realyr with cinnabur 1s sugg.ested Loth
from t!\é color and strewk of the cinnabar and from its arsenie content.
The color and streak of the cinnabar is in readity interimediate between
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that of cinnabar and realgar, heing neither so scarlet as pure cinnabar
nor so orange as pure realgar.  In addition the cnnabor mves pro-
nounced tosts for arsenie before the blowpipe as well as [or mercury
and sulphur.  The reulear is somewhat subordinate i the admixture
of the two minerals,

SECONDARY MINERALS

Smithsonite: Zine carbonale occurred in suflicient abundanee at the
futh mine Lo constitute ore, hut it is not of vatue in any of the others,
The carbonute has probubly heen derived from the oxtdation of sphaler-
ite and the renction of the resulting sulphate with the limestone walls,
Much of the smithzonite forms crystalline inerustations; some is grang-
lar, =ome rentfori, amd some is carthy, The ervstals are smull, gon-
erally curved dnd rough, The color is hrown, white, prayish, or tinged
with green and biue.

Colamipe: Oply a very litte calamine has been noted in the exidized
ores.  Hooceurs with smithsonite,

Copper varbopadtes: Malachite and azurite fTorm thin patehes or coat -
ings on the oxidized owterop ar for a short distanee helow. Fhese
patelies are from {he oxidation of the tetrahedrite mud wee olten in
contiuet with partiully oxidhzed rvesiduals of the teteahedrite. T'here
has been no superpene concentration of secondary copper minerals,
Some of the carhonate encrusted vesidua of tetrahedriie (so contain
traces of covellites Trappenrs that covellite 1 the st produet Tarmed
as a result of the retrahedrite oxidation,

Antimony ocidess Severad ol the pale vellowish or gy antimony
oxides renudn i the snad! vaes lefeon the oxtdation of the tetrahediite.
Somie oceurs on the surface of the partally altered tehrabiedrite as well,

Oxudation of the jamesonite s also given o hittle wrovish bid-
heimite.

Searodite: Seoradite is an interesting secondary mineral i the upper
part ol most of the veing, espectietly those with cinnabar amld realgar
and Lo lesser extent 1 those with tetrahedrite, This hvdrous arsenate
of ferric iron forms pale teek-green prismatic orvstals and amorphous
and botryoidal crusts on the surface and in the eracks of the quartz
gangue. [ts source is from the arsenic in the realgar and in the arsenical
tetrahedrite, together with iron from the oxidation of pyrile ur other
iron minerals.

Iron oxides: lTron possans are not conspicuous in the Black Pine
district and in most veins are lacking. Some veins near the base of
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the range do have gossan cappiigs composed of yellow to brownisii-
Black limonite admixed with some reddish hematite and some black
pyrolusite. Some parls of the outerop also contuin considerable smith-
sonite mul ecalamine.

Fvidence is clear liere, (oo, thal eryst allization or deposition did not
tuke place simultineousty, but that the several primary minerals were
formed successively from solutions which underwent gradual change.
Deposition wus ulso sufficiently interrupted at fimes by maovement
along the vein to shatter or fracture carly minerals and, as the solutions
continued Lo civeulate, to deposit new ones, in part Ly replacing the
old. The most abrupt change in the composition of the solutions came
near 1he end when carbonates gave way 1o sulphates and with the sul-
phate solutions cinnabar and realgm were brought in.

The essential relationships of the minerals and their sequence of
deposition have already heen ontlined. Vhe order may be given as
follows: guariz, pyrite, sphalerie, tetrafiedrite, jumesantte, caleite, barite,
cinnabar :nd realgar. Those tahcized ave cither abundant in all the
deposits or predomiuate in some certain few. Those not italicized are
always subuordinale or aceessory. The ehief interruption of the depost-
{ion enme near the end of the guartz stage, bud consideralie movement
along the vein alzo oceurred during (he Latter part of the jumesonite
deposition wid belore the intraduction of ealeite. The sequence given
has no unwsial Teatures, hut s ginilar to deposils of like kind in other
parts of the Cordilleran region.  There remins only to vall attention
to the idiomorphic chareter of the jamesonite in its replacement of
olther mimerads.

DEFOSITS
STRUCTHRAL FRATHRES

As Lhe deposits represent replacements of Yimestone directed along
fissures or faults of minor magnitude, they show great irregularity in
shape and size. Some deposils are nore ar less tabular, but most of
them swell into oceasional chimney-tike masses. Auost of the velns are
fess 1han 12 feel wide and perhaps average about 6, hut changes necur
g0 frequently wlongr o given vein ihat precise figures cannot be given.
The main Silver Hills vein al one phiee is ot leust GO Teet wide. Such
veins can rarely be traced continuously for more than lhree or four
hundred feet along the strike. They may pineh to relatively thin seums,
but other chinmey-like swellings may appear farther along the fissure.
It is very probabic thut the Lodies pinel and swell with the depth as
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well as along the strike, for the same vein whose width a short distance
helow the surface is 60 feet or more has much less width at the surface.

The contact between wall and vein is usually sharp. o most places
numerous quartz stringers extend into the lmestone wall from the main
quartz body and some of the deposits also include koge horses of
country rock. Replacement of the wall has usually obseured the origi-
nal fractures or fissures which early directed the solutions.

These bodies are enclosed wholly in limestone so Tar s present
development has shown, but a number of them are near an adjoining
bed of shale. In general the shale is not appreciably replaced, but
serves mainly to direct the mineralizing solutions.

Mineralization has not been along the mijor faulis in the district
bat along fractures or fissures of relatively slight displacement.  No
doubt these fissures are renetically related to the major structural dis-
turhance in the region. AMost of them tremd in @ weslerly divection,
about parallel to the course of the helsaw fault mvd most hkely repre-
gent subsidiary fractures developed incidentally to movement along the
great trunsverse fuult. These trend from N. 85° W, to N. 557 W., and
dip mainly to the northeast. Abundance of finely comminuted and
impervious gouge in the major fault planes probably expliins the lack
of mineralization along them,

Tart of the fissuring is perhaps not so much due to movement along
the Kelsaw faull as (o the bending or plunging of the strata northward
against the major fault plane. This movement has developed distinet
crossfold, well brought out in Plate X, A, and part of the openings at
teast are due to breaking ol the strata at the crest of the anticline from
tensional [orces involved in bending.

There ig abundunt evidence of recurrent movement along the fis-
sures during mineral deposition and Lo lesser extent after the major
period of ore depusition. Appreciable movement oceurred, especially
after deposition of most of the quartz and apain before the deposition
of the caleite. Along some of the veins the movement was sulliciently
severe Lo reduce the early vein filling to a breceti. A littie movement
has followed the deposition of the ores, but not nearly so much as along
the veins in the Stokes district.

VEEN STRUCTURE

The structure of most of the veins is simple and represents HILRSIVE
replacement of the lmestone, Sueh veins are free from handing or
crustification, and rarely contain cleflts or other openings.  The ore
minerals are scattered irregularly throughout the vein, although in
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peneral they favor some parts more than others, especially such parts
as were most broken during the carly stages of mineral deposition.
The ore oceurs mainly as small granules or irvegular masses, usually
Joss than i ineh, and more or ess closely spaced. In some depuosits
the ure alzo oeenrs in small lenses or seams, usually not more than two
or tiree inches wide nor more than o Tew inehes long. As the sulphides
have replaced the vein quartz much {he sume as the quariz replaced the
limestone, Lheir accurrence is equally irregular and uncertain. The
sulphides are not sufliciently wedl massed, however, Lo permit profitable
recovery exvept hy milling methods.

Qeveral veins are, however, charncterized by intense breeciation,
such us is common in many deposits formed near the surfuce. Trag-
ments have in part been healed with later minerals, bud open vugs with
drusy surfaces sre common,  In these the sulphides are confined to the
open clefls or Tractures, but in the veins suiphide minerals are com-
paratively rave,

SECONDARY ERRICHMENT

Deposits high on the fanks of the mountiing or near the heads of
valleys show little evidenee of surface alteration or enrichment.  Liro-
gjon has been inomost places more rapid than secondary enrichment
processes, wnd as aoresult the sutphides appear in the outerop. In some
there may be o sheht enrichment very nemr the surface, but such
A zone world e extremely shallow wnd in most veins of ho consequence
hovause The vein was probably foo lghtly pineralized with primary
sulphides at the start, A shght enrichment has probably occurred at
the Sitver Hills mine, but its effeet is not deep and Ius not preatly
increased Lhe tenar of the ore.

Fower on the slopes of Uhe ringe, osidation hus been more prolonged
and secondary enrichment has been i more important factor. Some
secondary zine carhonate ore had aecumulated at the surface of the
Ruth vein. I'his enriched ore was bottomend i less than 12 feet below
the surface. Al that depth, however, sulphides had not made Lheir
appearance.  eavy fron gossans i ihe Hazel Pine sugpests the possi-
bility of enrichment, but the zone s apparently shallow, shafts o few
dozen Teet in depth soon encountering prinry vein matter. Asa whole,
secondary enrichment Ims heen o nepdigible factor in these deposits.

GENETTIC CLASSLFTOTION

These deposits have some of the characters of the mesothermal
group; that is, of those deposits Tormed at intermediate {emperatures
and at moderate depths by ascending thermal waters. Alassive replace-
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ment of Himestone with wbsence of erustification or huanding are espe-
cially displaved in the mesothermal group.  On the other hand, some
of the veins are extensively breceinted and the openings lined with
drusy surfaces such as arve especially charaeteristic of the epithermal
deposits; that is, of those deposits formed near the surface and ot tem-
peratures less than 175 O or elosely approaching those of hot springs.
Cinmabar and realpar ave especindly indicative of epithermal conditions
and barite is also more characteristic of the low {emperature deposits
than in those Tormed at more intense conditions. Buch other sulphides
or metallic minerals as are present form under either epithermal or
mesolhermal conditions,  Larsen' in discussing one of the cinmabar
deposits states that the character of the mineralization -ubunebunt
barite, considerable porosity, and the sooty charactor of some of the
cinnabar-—indicites o mineralization of no great depth and that the
deposit is 1he result of hot-spring action ol comparatively recent geo-
logic age.

There is o possibiiity that the mineralization has been in two distinet
stages, widely geparated in age and not even remotely reluted; the fiest
mesothermal and the last epithermal; and the two associated i the
same veins anly because later fissuring followed the enrlier zones. Dut
there is little evidence of astructural or textural break hetween the Lwao,
for the barite and caleite are nearly contemporancous and the realgar
and einnabar are not mueh later. Progressive change in the composi-
tion of the solutions with fulling temperatures and recurreat opening of
the veins seem best 1o explain the sequence of deposition. Although it
is not unlikely that temperatures were near mesothermal when deposi-
tion started, through most of the vein-forming period the conditions
were probably epitherma! and these deposits cun be classed in 1 he base-
mietal epithermal group. Such deposits are not unknown in the Cor-
dilleran region.

ALE AND GENLESES

Genetie retation of the Bluck Pine deposits Lo magima is very strong-
Iy implied, not alone from the mineral sticcession or paragencesis, but
from the Lexture and structure ol the veins as well.  Bul the absence
of intrusive rocks in the district makes it more difficult to trace out
sueh a relationship and also to determine the age of the mincralization.
These deposits show little resemblance to the quartz-valenz vens in
the Albion Range whose genesis has been linked with the intrusion of
the late Cretaceous or early Tertiary granodiorite.  In fact the ehar-

L Lursen, B, S, in Hniv, of Llalo School of Mines Rull 2, Vel T 1908, Tungraten, emnubar, menga-
nest, motybdenum, el tindeposits of Dilshe, by Dy . Livingston, 1o 6y
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acter of the mineralization is so different in the two localities that the
question immediatcly arises whether they can represent the same epoch
of metallization,

Two distinel metalizing epochs have heen definitely established in
Tdaho, one following or avcompanying the intrusion of the Idaho batho-
lith and its satellites in the late Cretaceous or early Eocene, and the
other following or accompanying the intrusion of granitic rocks in the
Miocene or later.  Deposits velated to the earlier epoch are mainly
mesolhermal and inelude the lead deposits in the famous Coeur J’Alene
district” and in the Wood River istricl.? Deposits related to the later
epoch are, on the vther hand, mainly epithermal and include most of
the gold-silver deposits such as those a1 Siiver City and those in the
Qabmen River DMountains,' as well as the buse-metal lead and zine
deposits in the Lava Creek district.® Several epochs of metallization are
also recognized in adjoming states, including at least four in Nevada.®
As yel Lhe epochs of metallization have not been fully ditferentiated m

Jtah,? but the age of the deposits associated with the igneous rocks is
said to be essentially that of the igneous rocks 1o which they are related
in origin, and so far as has been definitely shown, the main igneous
activity began in post-Cretaceous time.  Both extrusion and intrusion
continged through middle and late Tertiney well into recent time.
Most of the Utah deposits have been assigned 1o the earliest epoch of
igneous activity, hut some deposits are associated with lavas of younger
age. [l secms certuin, iherefare, that when Tully investigated the Utah
metallization will be velated to wn early Tertiary epoch when the copper
and lead-zine veins amd replacement deposits of mesothermal charae-
teristics were Tormed, and also Lo g fader Tertinry epoch when veins
with epithermal affinities were deposited in Tertinry cxtrusive rocks.

toth of these epochs are represented in Nevadi, and in addition there
is one ul the close ol the Jurassic and another in the late Tertiary.

These severs) epovhs of mineralization in the surrounding region pro-
vide ample grounds for believing that perhaps two ol them are present
in Cassia County, one in the late Cretaceous or carly Tertiary as already
discussed, and one vear the mid-"Tertiary.

'
1 oBGuserne, b, e Calkins, 10, Guolagy aind ore deposit s of The Cocar d"Alene mining district
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In _mosl plices the mid-Tertiwry deposils are in association with
v-olcnmc rocks. Their absence in the Black Mine district, makes correla-
tion much less direct, yel, as has already been stated, the rl:l:l‘li'll“’
stratn and lavas at one time blunketed the region and [il(‘\' have b;au;
subsequently eroded from some of the higher arched p:n'l:s‘ ol the dis-
trict. This can account for their present absence from the mim'm‘lized
ared.

. It therefore seems most hikely that the mineradization in the Black
ITlne district belongs to the yvounger of the two main epochs of ln(‘l.:l”i'!;l-
tion now recognized in ldaho or to the Tertiary epoch. The ('l(;su
grouping of the deposits in the Black Pine Runge sugests the oceur-
rence of an intrusive body some distance below the surluce as the con-
trol and source of the mineralizing solutions.  As the volatile constitu-
ents left the magima they found therr way upward through l]m. frnvll ured
rock, especialiy along the minor fractures or fissures in the broad zone
developed along the major transverse fault.  Deposition of minerals
apparently did not oceur untif the temperatures of the solutions had
been much lowered or were not far from that of thermal springs.  As
these solutions encountered the limestone wails they reaeted L‘hemi. ';111;'
and replaced the Hmestone by quartz. Movement ulu.ng,r the fissures
concurrent with deposition maintained open channel-wuys for the pass-
age (.)f these solutions.  Deposition from the solution wirs progressive.
Barlier minerals formed were in part unstabie, as the composition of
th.e solutions changed, and these were partly replaced by suceeeding
nnn.eruls. These solutions were at first mainly siliceous, then became
enriched in eavbonate, and {inadly enriched in sulphate. ('inn:aln:;r anud
realgar were the finnl products of the metallizing solutions.

COMPARISON WITH DEPOSITS IN OTHER REGIONS

The Black Pine mineratization has some fealures in common with
the mineralization deseribed by the writer in the Lava Creek distriet
In the latter, however, the deposits oceur s replacements of \-'UI(':ll'li.(_'
rock, mainly andesitie lavas, but a few occur a3 replacements i the
uinlerlying Paleozoie limestones.  These depuosits are alzo ol the epi-
thermal base-metal type and the ehief values are in lead, zine, and
silver.  The veins are grouped near bodies of intrusive .;\]iuvm;u i
glrzmile. Deposits in both areas probably belong to the rather excep-
tmn-n] base-mela) epithermal Lvpe listed by Lindgren, 2 in which chaleo-
pyrite, galena, zine blende and tetrahedrite are associated v an uhun-d-
:Et:gungue of quariz, carbonale, or harite, but with principal values

! Pamphiel 83, op. cil.
2 Lindgren, Waldvemar, Minerat deposits: Metiraw-Hilt Book Co, 1928, pp. 5

HE{TH
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uswally in gold and sibver. Such deposits are especially well represented
in the most mteresting metallogenie provinee of {he San Juan region in
Colorado, including the mining distriets of ‘Velluride, Ouray, Silverton,
Lake City, Rico, Needie Mountuins, La Plata, and Creede. Same are
rich in galena, sphaterite, anidl tetrahedrite, but the vield is principally
in gold and silver, Dieposits of similar kind in Utal are also associated
wilh Tertianry extrusives and consist of similur hase-metals in o quartz-
calcite-burite pnngue. In Loth the Mereur and the Marysvale districets,
{he hase metals and the guartz-caleite-harite ganpue are accompanied

by some cinnalsay and readpar.

OUELOOK FOR THE TS TRIUT

The epithermal deposits constitute the souree of o large part of the
worlit’s production of gold and silver and they contain the spectucular
bonanzas of the Corditleran region, of which examples are found at
Cripple Creek, Goldfiekd, Virginia City, Silver (ity, and many other
districls. DBase-metals are present plentifully enough in pliaces, as in the
Qun JJuan region, but the mines are rarely worked for these alone.
Gilver and gold nre the profituble metils and the others are usualty anly
by-products or are not recovered ul alk

The Black Pine dislriet gives fittle promise of ever becoming a pro-
ducer of hase melals alone. Tts true that some zine has already heen
protuced, but the sine ores were from the enriched gurficial zone and
the supply hus been Jarpely exhausted,  Inall deposits, excepl one, the
7ine Dlende s oniy an aeeessory mineral, The same may be said of {he
tead mineral, fimesonite, and as ihis mineral s not so rich m lead as 13
galena, it is probably not in sullicient abundanee 1o warrant mining for
its lead wone.  The fwluee of the distriet must depend mainly ou the
precious melals in the ores, especialiy silver. The tetrahedrite is sufli-
ciently rich in silver md s sufticiently well distributed in the Silver Hills
vein Lo offer atiractive indueements, especiadly if silver should com-
mand o better price than it does o fhe present time. In additionto the
silver at the Silver Lz mine, Lhe leadd el zine are also especially worthy
of Tecovery. So far. only the Silver Nills mine has diselosed suflicient
metabtization to niake the disbiet Altractive to further development.

PROPERTIES
SILVER LS MLENIE
The Silver Hills mine Hes very near the crest of the ridge hetween

Black Pine Canven and Fast Dry FFork on the Blaek Pine Cunyon side,
i See. 26,71 19 S, ez i The veins outerap almost on the divide,
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l‘}lt the tunnels and camp are several hundred feet below at un cleva-
tion near 7,000 feet AT, "This property is connected by rond with the
soulhern branch of the Ofd Oregon Traid. The (_-mmu‘lling hink follows
the bollom of the canvon from the edge of the mountain to within ‘Al
short distance of the eamp where If must ascend o comparadively sle(';)
short switchback. “The upper part of the road, though steep offers no
greater hindrance o travel by automobile than the mlmul'nu:;' crussings
of the dry ereel hed lower in the canyon.  This property is the Imuirkl
one vontrolled by the Silver Hills Mining Company whose orgamzation
dates from Mareh 31, 19200 ‘The Silver Hills mine was located about
1880 and same are shipped about 1894, Neither the amount of ore pm—'
f‘lm:‘erl let that time not subsequent production, i any, wis EL‘:;I'IH'(E.
I‘llns mine has the Lrgest and most highly min(-rnlixud-\'vin in 1he dis-
ll.'l(‘t, and has heen much more fully developed than any of The Ut.hl'l'ré
})e\'t']:J[)il}CELt consisls of more than 3,000 feet of ll]\t|(‘l'_i{|‘.()llll[] \\'m'lciz:gs-
in addition to a long erosscut only recently started. Tnaddinon to Ihier;
mine, the company hus acquired many surrounding elaims, including
most of Lhose in Mineral Guleh on the east. -
' The Silver Hills mine aifords the most ideal example of the Black
I’me-type of mineralization. 1t is strictly a replacement of himestone
fmfl in consequence has the usual irregular shape wnd form character-
1.s.tlc (.)f depasits of such kind. Its position is directed along a line of
hs_sunng about parallel to the Kelsaw [aualt, which Ties ahoul a halfl a
mile or more to (he north, and 1t is in the massive hght gray Bmestone
so widely distributed in the southern end of the Black ine Lange.
'The fissuring here is appurently not so much related to movement
a_]ong the Kelsaw fault as to the bending or plunging of the massive
limestone beds amainst the faolt plane,  Fhis downward plungng of
the normally northerly Crending strata amounts essentiadly to o ];il'gc
cross fold or arch, and it is in fractures near the uxis of (he arch that
the most extensive mineralization has occurred.  In the vieinily of the
deposits the limestones trend whout N 75 Woound dip about 167 N
Silme of the veins and minor quartz stringers strike in about the same
direction as the limestones, but the main vein strikes ahout N 857 WL
and dips 70° N. - Beneath the limestone ocenrs a thick series of calea-
reous and carbonaceons shales into which the velns must eventually
pass with deptiv. These shales appear in eawch of the tunnels an 1he
property. In the principal underground disclosure they practically
form the footwall of the vein. l
Replacement aleng the fissuces and fractures has been mainly by
quartz, but in the main deposit the guartz is acecompanied by some fale
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curbonate and by grains, lenses, or small irregular masses, and oecca-
gionally wider compact seams, of ore minerals, notably sphalerite,
(etrahedrite, and jamesonite, and to lesser exient pyrite. Assay made
of mure or fess average vre from the upper tunnel shows the follow-
ing values: golid .03 ounces, silver 42.4 ounces, lead 3.6 per cent, copper
1.2 per cent, zine 8.4 per cent, and antimony 4.5 per cent.  Assay of
selecled high-prade will give returns of severad hundred cunces of silver
per ton. Most of the deposit consists of massive vein material, together
with some stringers of quartz and also larger hleeks or hovses of lime-
stone. The vein is perhaps 30 o 40 feet wide at the surface, but its
true width in the workings 75 fect below the outerop has not been
determined, although it probuably exceeds 60 feet. Al the surface the
vein may be traced for several lwindreds of feet, but it shows much
pinching and swelling and no doubt maintains the same character with
increasing depth, al least until shale is encountered, when pinching
may be very likely. The cropping contains seattered or gecasional
grains or granules of tetrahedrite, less commonly sphalerite, and also
oceasional piatebes of malachite and azarite. 'There is very little sign
of oxidation or entichment on the level 60 fect below the cropping
although some vugs show, but ot 75 feet the ore is wholly primary.

The vein nuy be examined underground only in the upper tunuel,
whose vertical distance below the outerop is ahout 75 feet. This tunnel
passes through about D0 Teet of shules: black carbonuaceous shale near
the portal and lighter colored ealeareous siude further ing belore encoun-
tering a zone of more massive limestone with barren quartz stringers.
At point about 114 feet from {he porlal some of the stringers contain
2 little of the ore minerals, but it is not untilalter passing through about
50 feet of atternating shales and Hinestones tulso with quartz stringers)
that the main ore hody is cut. From this point o shart drift has been run
4 few feel (o Uhe southwest on o well minerilized zone or streak of
high-grade: also a winze of widetermined depth has been sunk, and
drifting has been carried (o the northenst.  Drifts to the northeast
Lraneh and pass dingonally along the vein, bul none have extended Lo
the walls, As much sz 60 feet of Lthe vein have heen exposed, all in ore.
Same of it includes nusses of country rock amd stringers in limestone,
but the larger part is massive vein quartz and caleite with a scattering
of ore minerals, sphalerite usually predominating, closely followed by
tetrahedrite and subordinately by jumesonite. There are necasion-
ally some high-prade seams and more closely prouped masses of the ore-
minerals.  No more exploratory work has been done along the vein
than across it and the true limids of (he shool cannot be fixed. MMost
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drift faces end in ore or minerahized vein matter. From one of the
drifts a raise connects with the outcerop at the surface, rom another
drift o raise conmects with o level 125 feet above. This level vonsists
of asingle drift a little over 100 feet in length and driven about. N.HH"W.
It culs much vein matter and numerous stringers in limestone.  Some
parts are well mineralized. A raise also conmects with a still higher
level 14 feet above. This one is parallel to the one below, but is only
about hall as long. Stringers of quartz are also numerous on this level,
some of them with metaltic minerals und some of them with vups from
which the ores have heen leached.

A second tunnel has been driven about 100 feet helow. T s now
Blocked to serve for water storage. This tunnel also discloses the shale
series beneath the vein. [t erosses the vein, but no drifting has been
done on either side. [t is unfortunate that this tunmel was not available
for study, as it should give valuable clues as to the charieter and per-
sistency of the minerads with depth, also the effect of the shale series on
the size of the ore hody. A long crosscut had been started about HbO
feet below the Jevel of the upper tunnel and had penctrated several
hundred feet of black carbonaceous shale at time of the writer’s visit.
No attempt was made 1o measure the distance the tunnel must be
driven before the vein chould be encountered, but it will probubly have
Lo he extended two thousand feet or more,

The upper workings are not sulliciently adequate properly o dis-
close the ore hody. Conditions shown there amply justily further
development, especially to determine the width and fength of (he min-
eralized body. Mueh more work could be expended in the tunnel
100 feet below to determine what eilect the shale might have an the
continuance of the ore shoot or on its size and position. The ore shoot
is certain to be irregular and erratie, as is indicated by the irregularity
of the vein on Ue surface and as suggested in the several levels ol the
upper workings.  Other veins showing at the surface are praobabiy
pact those encountered as stringers and in wider hodies in the workings
underground.  No doubt much ol the contiguous country rock will
contain irregular veins, stringers, or chimneys of quartz, more or less
thoroughly metallized.

RUTIE MINE

The Luth Mine, acquired by the Silver Hills Mining Company in
1029, lies not far above the east base of the Black Pine Range at an
elevation near 6,500 feet, in Sec. 26 or 27, T. 15 3, R. 29 10, LS posi-
tion is on the crest of a secondary ridge between Mineral Guleh and the
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first large gully on the south that opens to the main Black Pine basin.
It is reported that six cars of rich zinc carbonate ore were mined on the
property during the World War. This ore was mined directly from the
outerop. There has been litile work done underground.

This deposit occurs as a replacement of massive light gray lime-
stone, such as outcrops at the Silver Hills mine. The original minerali-
zation followed a narrow zone of fissuring whose trend is N. 60° W. and
dip about 40° N., culting the general trend of the limestone, whose
strike varies from N. 80° W. to N. 80° E. The fissuring has extended
across the ridge, well down into Mineral G uleh and has been followed by
cuts for 110 feet. Along this zone the vein swells into small chimney-
like masses or lenses, sometimes measuring up to 12 feet across, but
usually less than 4 feet. In places it pinches out completely. Other
cuts and short tunnels on iron-strained croppings farther to the north-
west suggest that the vein conlinues for a long distance in that direction.

The main ove is smithsonite and it occurs mainly as crystalline
incrustations or as botryoidal crusts, as a filling in former openings,
or as a massive granular replacement of the limestone walis. Its color
is ordinarily white or grayish, but some of it is tinged with green and
blue. Some ore still remains and some of the lumps on the surface are
several feet across. In some places there are also patches.of malachite
and azurite, whose presence suggests that tetrahedriie may be among
the primary ores. None of Lhe cuts have actually extended into the
primary zone, but some tiny grains of brownish sphalerite were noted
in some of the material on the dump, likewise an occasional grain of
cinnabar and realgar. Other vein matter noted consists of 'calamine,
a little scorodite, and a little vein quartz. Oxidized ore has been mined
on the surface for nearly 100 leet.

HAZEL PINE PROPERTY

The Hazel Pine property lies at the base of the Black Pine Range in
Sec. 26, T. 15 8., R. 29 K., about one mile south of the mouth of
Mineral Gulch. It is reported that 14 cars of ore have been shipped
from the property, but these figures could not be further verified nor
could the character of the ore shipped be ascertained. The ore is said
to contain gold, silver, and lead.

This vein, like the others in the district, is a replacement of lime-
stone and exhibits the usual great irregularity in size and shape, fre-
quently swelling into chimney-like masses. Its course ig directed by
fissuring or brecciation in the limestone and its strike is about N. b5° L.
and its dip steeply northwest. Much of the replacement is by white
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granular quartz, but with the quartz is considerable vein calcite. No
primary ore minerals were seen, but the ore ig entirely oxidized and
consists of yellowish and reddish iron oxides, black manganese oxide,
with occasional streaks or crusts of smithsonite and calamine, and less
commonly scorodite. Much of the cropping can be regarded as a gossan
and is unusually heavy in iron oxides. Some of the iron has nearly
a vermillion or crimson color. Assays were made on a number of
samples collected from various parts of the eropping and from ore on
the dump, and althongh some showed values in zine and a trace of lead,
none contained gold nor more than an ounce of silver.

A notable amount of work has been done near the south end of the
property. Ilere the vein has been prospected by a series of shafts,
tunnels, drifts, and glory holes, most of which are now inaccessible.
One of the shafts descends at least 50 feet. Some of the tunnels open
into large chambers a dozen feet or more in diameter, and these no
doubt give clue to the shape and size of the ore shoots. Apparently
much vein mattér has been removed from the workings.

More work has been done about 100 yards to the northeast where
the vein has been cut by a small gully. This has afforded better means
for working the deposit and several tunnels have been run into the vein
from the side of the gully. These short tunnels also open up into
chambers 12 to 15 feet in diameter and expose much iron oxide and
numerous quartz vetnlets in limestone.

VALENTINE PROPERTY

The claims of the Valentine Cinmabar Company also lie near the
east base of the Black Pine Range at an elevation of 6,000 feet A.T. in
Sec, 35, T. 15 8., R. 29 E. This property has been described by Lar-
sen,! who states that the cinnabar deposit is at the top of a limestone
bed beneath a shale horizon and has been formed through a replace-
ment of the limestone. The deposit has the form of a chimney and
dips with the bedding of the sediment at about 30° to the west. In
horizontal section it is elliptical or lens-like, is about 10 feet long and
5 feet wide, with some stringers of mineralization extending along
the bedding for 10 feet or more in both directions beyond the main
chimney. It has been opened up for a depth, measured along the dip,
of about 40 feet.

The material of the mineralized chimney is porous and friable,
breaking up into coarse sand, and made up in large part of harite
and quartz. Tabular crystals of barite commonly project into the

I University of Idaho School of Mines Bull. 2, Vol. 14, 1819, pp- 65-67.
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cavities. The cinnabar is unevenly distributed and forms a very thin,
sooty or dust-like coating on the quartz and barite crystals of the
cavities. In places it is abundant enough to impart a decided red color
to the rock, but nowhere forms more than a very small part of the vein
material. This cinnabar also carries realgar. Near the surface there
is much scorodite. Some gold is reported to be present in the deposit,
notably in some of the narrow seams which extend along the bedding
from the main chimney. A sample of quartz containing some specks of
cinnabar and realgar gave on assay 0.05 ounces in gold and 2.7 ounces
in silver per ton. A prospect hole about b0 feet to the east of the chim-
ney has been sunk to considerable depth and has exposed some crushed,
non-ironstained material that is said to carry gold and some silver
and lead.
MILLER PROPERTY

The Miller property lies high up the slope of the range at an eleva-
tion above 7,500 feet A.T., a short distance below the top of Black Fine
Cone, in Sec. 34, T. 158, R. 29 E. This deposit is also a replacement
of limestone along a fissure or breccia zone whose strike is N. 80° W.
The vein ranges from two to six feet in width, with stringers extending
to greater distances. It may be traced for several hundred feet by the
line of cuts and short tunnels. Mineralization is mainly. by quartz but
includes a little tetrahedrite, jamesonite, cinnabar and realgar, and
some thin patches of their alteration products. Barite .also occurs in
the ores. Workings consist essentially of two short tunnels, one about
50 feet long and the other about 60 feet. These have a vertical range
of 50 feet. '

PROSPRECTS ALONG MINERAT GULCH

Yeveral veins have been explored along Mineral Guleh, but no work
has been done on them for years. They are now controtled by the
Silver Hills Mining Company. These show little difference from those
already described, but oceur as replacement of limestone, mainly on the
south side of the Kelsaw fault. Mineralization has been chiefly with
quartz, and to lesser extent with calcite and barite. In addition, some
contain scattered granules of tetrahedrite and patches of secondary
copper carbonates, and, oceasionally, crusts of zine carbonate, Most of
the tetrahedrite is the freibergite variety and selected speciments of
nearly pure mineral on assay give very high values in silver. Some of
the veins are reported to have values in gold. These deposits are scat-
tered from the month to the head of the canyon.

One deposit lies directly across the canyon from the Ruth about
100 feet above the canyon floor. This one has much guartz, some cal-
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cite, and scattered granules of tetrahedrite. It is also reported to carry
gold. Another lies a half mile or more up the canyon and consists of
a large quartz-calcite vein with scattered patches of azurite and mala-
chite and some thin crusts of smithsonite. This vein is about 12 feet
wide where exposed and strikes N, 70° W. and dips 40° W. Others
are nearby but have little to show. Several lie very near the head of
the canyon. One of these consists of a heavily iron-strained gossan
encrusting a gangue of quartz, calcite, and barite.

OTHER PROSPECTS

Mineralization is also shown near the head of East Dry Fork and
along the ridge between the Silver Hills mine and War Kagle Peak.
The most striking occurrence is on a ridge between two tributary
gulches near the head of East Dry Fork in Sec. 21, T. 15 5., R. 29 E.
This occurrence consists of an immense iron capping or gossan zone
about 200 feet wide and 200 yards long, striking about N. 55° W., and
occurs partly in sandstone and partly in limestone. No openings have
been made on the iron capping and little could be learned of its char-
acter other than that it consists mainly of limonite in the form of black
Yimonite varnish and shows few vugs and little porosity. The presence
of so much iron oxide should excite curiosity as to the nature of the
primary mineralization beneath. )

Another prospect lies near the top of War Eagle Peak at an eleva-
tion above 8,200 feet A.T. At this place a remarkably persistent
replacement vein in limestone may be traced in a westerly direction for
a long distance. The vein is more than 40 feet wide in places and has
been explored by glory hole and a 50-foot shaft. The vein material
consists essentially of white granular quartz with very scattered patches
of azurite and malachite and occasional grains of partly oxidized
tetrahedrite.

Several disclosures have also been made on the north side of War
Fagle Peak and several Lo the east near the divide between East Dry
Fork and Black Pine Canyon. These show quartz replacing limestone
and traces of secondary copper minerals.

BUILDING STONES
GENERAL FEATURES

The district is supplied with an abundance and a large variety of
rocks suitable for building materials. Some of these have been utilized
in the past, especially when transportation facilities were such that it
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of the tuffaceous material. Most of the feldspar is surprisingly fresh. I.t
would weather rapidly perhaps when wet, but in so dry a country as this
none of the materials constituting the rock detract from its adaptability
ag a building stone, and actual use In the region shows that the stone
does not. weather seriously under local climatic conditions. Fnough clay
is present to impart a distinct clayey odor to the tuff. It has been dem-
onstrated that rocks containing noticeable quantities of clay minerals
are not well suited for many structural uses,' as the effect of these
minerals is to induce a gradual swelling and spalling of the roek when
moistened, with consequent weakening. This is not a serious factor in
the utilization of the tuff in Cassia County, because of the aridity of
the region. Unfortunately, such coarse, granular, better compacted
layers are nol numerous in the series.

None of the tuff was submitted Lo physical tests, but the results, if
such tests had been made, would probably have been similar to those
obtained in the building stone (tuff) from Challis,* Idaho. Arithmetical
averages of several tests from the Challis deposits are given below.
The toek there tested is greatly similar to the granular pale greenish
yellow tuff in Cassia County.

RESULTS OF PHYSICAL TESTS OF BUILDING STONE (TUFF) FROM ‘_C!{ALLIS, IDAHO

Compressive Slength:

Dry, perpendicular to hedding {3 tests), pounds per sq. inch. . . .ot 10,880
Dry, parallel to bedding (3 tests), pounds per sq. inch, ...... ... ... ... 11,446
Wet, pei‘peudicular Lo bedding (3 tests), pounds per sq. inch. ... . Lo, 4,245
Wet, parallel to bedding (3 tests), pounds per sq. inch....... (A RERRRE 4,136
Absorption by weight (12 lests), per cenl. ..o 13.70

- Apparen! specific gravily (6 ) D 1,742
Weight (dry, per cubic fool), poundS . . 109

The Challis rock was subjected to weathering tests. Four out of
six specimens showed extensive disintegration upon 123 freezings, and
the remaining two withstood 162 [reezings with no recognizable change.
All showed complete disintegration after having been frozen 255 times.
The testing burean concluded that the Luff is more resistant to weather-
ing than some of the poorer grades of limestone now on the market.

Comparative data on the strengih of tuffs are scarce. The_ com-
pressive strength of the tuff from Chaliis is about thaF of 51rimlafr
material from Lilliwaup, Washington,?® hut the absorption ratio 18

1 Loughlin, G. F., Usefulness of petrology in the selection of limestone: Rock Products, Vol. 31, 1928
b s'f‘lg::i'lre G. H.. Jr., Tertiary voleanic tuffa snd sandstones in the upper Salmen River Valley, Idaho:
. St Bull! 811-E, 1929, pp. 244-245. ] )
US- licgg::d?l‘:g:l%n,?l‘hu building amipll:)nunumcn La] sLones of Washington: Washington Geol. Survey Ann.
Tteport {or 1902, Vol 2, 1503, pm 49-51.
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greater. Merrill' mentions a tuff in California which, though having
a greater density, possesses a dry crushing strength of only 7,469 pounds
to the square inch at right angles to the bedding. Compared to several
building stones, the Challis tuff has a compressive strenglh when dry
as great ag many limestones and sandstones, despite its low density.
However, the limestones and sandstones exhibil no such noticeable
decline in strength when wet; this reduction in strength probably being
due to the presence of the clay mineral.

The white pumiceous tuff in Cassia County, however, cannot be
compared with the Challis tufl, as it is of wholly different churacter
and texture. Very likely its compressive strength is much less, both
when dry and wet, and its absorptive capacity is probably greater.
Nevertheless, its strenglh appears to be in excess of local requirements.

Both varieties of tuff have served well in the bank building in
Albion (Plate X VI, B}, in one of the stores, and also in several of the
local residences.” These structures have been built for many years, and
the rock shows Jittle sign of weathering or disintegration. The rock
wasg quarried at a place about seven miles southeast of Albion in Sec. 356,
T. 12 S, R. 25 E., about one-half mile from the Elba road.

The quarry is near the west base of the Malta Range and appears
in a gully heneath a thick capping of black glassy columnanr latite, which
grades upward into the platy grayish porphyritic facies. The quarry
face has been extended along the tulfaceous beds for a little more than
500 feet. Beyond, the tufl is concealed by the talus from the latite
flow above. The tuff and overlying lava dip about 5° westward and
a short distance down the slope disappear beneath the alluvium between
the Malta and Albion ranges. The lower part of the stratified series is
concealed by landslide and hillside debris, but a hundred feet of beds
may be safely estimated at the quarry site. Only the upper 20 to 25 feet
of it is easily available and utilized as building stone.

The tuff is directly overlain by the porphyritic glassy lava and
almost seems to merge with it. The upper 15 feet is not used because
of its more or less softened condition due to weathering. This has been
stripped back. The lava above because of its columnar jointing, has
receded more rapidly than the strata beneath, and in so doing has pro-
vided a quarry depth of some size. As the quarry face extends into the
hill, the overburden, and eventually the Java capping, will assume such
proportions that the tuff can no longer be easily or profitably quarried.
The amount still easily available can supply local needs for mnany years.

1 Merrill, G. P., Stones for building and decoration: New York, 1910, p. 507,
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A section of the tuffaceous series as exposed in the quarry face
(Plate XVI, A) is given below:

SECTION IN QUARRY AT WEST BASE OF MALTA RANGE
SEVEN MILES SOUTHEAST OF ALBION

Feet
Latite flow, black glassy base, columnar structure, grading upward into
grayish platy rock . . ... . 100.0 +
Tuff, admixed with fragments of latite... ....... ... ................. 1.0
Tuff, grayish, wlite, pale buff, fine to coarse, glassy pumiceous fragments,
in part sandy in layers 1 to 20 inches thick, in part finely laminated; lies
ahove present quarry face. ... ... ... 11.0
Tuff, coarse to fine, mainly medium, grayish, pumiceous, in layers {ive to
twelve inches thiclk; partly quarried. .. ... .. ... ... .. .. ... ... . 6.0
Tufl, medium grained, pumiceous, with two irregular seams of coarser glass;
Eilized. .. 2.5
Tuff, alternating layers two to six inches thick of fine to coarse grain, gray-
ish, pumiceous, yielding thin blecks. .. ............................ 6.0
Tuff, granular, pale greenish yellow in layers one to five inches thick, alter-
nating with grayish pumiceous layers of equal or greater thickness. .. .. 2.5
Tuff, coarse granular, greenish yellow, feldspathic . .................. .. 1.5
Tuff, medium grained, grayish, pumiceous. .. ... ... ... ... ... 1.0
Tul?, coarse granular, greenish yellow, feldspathie, with grayish pumiceous
AVEIB . . oo e e
Tuff, pumiceous, (rom quarry floor to base of gully 50 feet lower......... 560.0
TOTAL. « . o o o e e et 185.0

The tulf remains firm in the quarnry face and maintains vertical
walls. All parts may be readily quarried. The blocks are usually
plainly dressed, but are adapted for taking a chisel-dress. As the more
desirable granular feldspathic tuff forms such a small proportion of the
whole series, it is used mainly as a trimming or in cornerstones and the
pumiceous facies is employed in the back walls. This adds a pleasing
color contrast in the buildings in which it is used.

Similar tuff has been guarried a few miles southwest of Oakley, but
the quarry is now beneath the storage waters impounded in the Goose
Creek reservoir. It is wholly the pumiceous variety. One of the gar-
ages in Oakley has back walls of this tuff. The front is finished in
brick. Tuff is also used in cornerstones and for trimming in the Latter
Day Saints’ Church in Qakley (Plate XVII, B), and in the construc-
tion of several houses and business buildings. Such material is still
easily available in the eanyons south and west of Oakley.

The quarry from which the tuff used in the school building at Malta
was obtained was not visited. This tuff presumably was procured from
the base of the fault scarp or from a landslide block at the foot of the
Malta Range. Building stone of such character may be had in most
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of the region of volcanic rocks with but little search or prospecting
beneath the mantle of hill wash.

The precipitation in Cassia County is too low to be damaging to
the stone used above the capillary reach of water from the ground if
the stone has been properly seasoned before use, and especially if it is
well protected from direct rain by an overhanging roof. Hence the
tuff, despite its lightness and porosity, wears well under local weather
conditions. Furthermore, the capacity of the porous rock to resist
freezing and weathering is in part indicated by the tendency toward
complete saturation. The tuffs, despite their high porosity, show a
markedly low saturation, which lends resistance to disintegration by
freezing.

Tests on the Challis rocks show that the absolute compressive
strength of the tuff—a minimum of 4,000 pounds to the square inch,
even when wet—is far in excess of local requirements, The strength of
a stone under water depends upon its constituents and Llexture. A
rough measure of its suitability is given by the ratio of its comnpressive
strength when water saturated to its strength when dry. For the tuff
from Challis, tested by the Bureau of Standards, this ratio is 0.37—a
low figure. For such uses as bridge piers or even house foundations, in
a water-soaked subsoil, the tuffs near Challis would not be satisfac-
tory, and the same conclusion may be drawn with the tuffs in Cassia
County. Hence special precautions should be taken if use in founda-
tion is contemplated; spalling or disintegration may be avoided if the
stone is coated with cement mortar. At heights of two feet or more
above the ground there should be no danger of spalling or disintegra-
tion. Such action is much less likely in the pumiceous tuff than in the
coarsely feldspathic with its admixture of clay.

QUARTZ LATITE

The quartz latites associated with the Tertiary tufls have proven
most satisfactory as a building stone. The rock is not as easily quarried
or trimmed as the tuffs, but when onee quarried and shaped it has a
desirability and strength equal to the best of building stones and is
suited for most purposes where resistance to crushing strength is espe-
cially desired. In addition, it has a pleasing color, normally pinkish or
light purplish-gray, which adds mueh to its attractiveness. Maost of
that quarried has only a slight porous structure, whieh does not detract
from its value for use in the walls of buildings or as a foundation
stone. None of that used shows signs of weathering.
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Quartz latite is widely distributed in (Cassia County, as discussed in
another section, but not all of it is suited as a building stone. The
lower part of the flows is generally vesicular, black, plassy, and although
some of it has been quarried and used locally in foundations, its porosity
and brittleness, together with ils unatiraclive color, do not make it
desirable. Above, the flow changes gradually from black porphyritic
glass to pale pinkish or reddish aphanitic rock, and in some of the
thicker flows into a gray fine-grained crystalline rock, in all parts por-
phyritic. Generally the pinkish tinted rock is quarried, but the grayish
also possesses pleasing qualilies. Unfortunately, so much of the flow,
including that with attractive color and suitable texture, has a thin
platy parting. This structure makes it impossible to procure blocks
of desired size excepl in occasional massive bands or layers some dis-
tance below the surface of the flow. Where erosion has removed the
thin platy part of the flow the more massive parts not far above the
black glassy zone may be guarried. In an earlier discussion of the
petrography of the latites 1t was pointed out that the pinkish latites
have mainly a glassy groundmass, but with a better developed erys-
tallinity than in the underlying black obsidian facies; whereas, the
grayish rock is nearly entirely crystalline. The platy character appears
to increase in most places with the crystallinity of the rocl, and for
this reason the pinkish facies with its lesser tendeney to develop parting
planes has heen most generally used as a building stone. Some of the
thinner flows are perhaps better suited for exploitation than the thicker
ones because of the proportionately greater quantity of pinkish or
purplish tinted rock. :

This lava has been quarried and used as a foundation stone for
most of the buildings on the eampus of the Albion State Normal School.
As such it forms the first. two to eight feet of the wall above the ground,
~ and in the gymnasium building nearly the entire lower story. DBecause
of its relatively low porosity it can be used as a foundation stone where
capillary action would rapidly destroy tuff if used for the same purpose.
Because of the difficulty and expense of quarrying and trimming, it is
not used in the superstructures of the building. Red brick is used
instead. Nevertheless, with ils minor role it adds to the attractiveness
of the buildings. This rock is quarried near the edge of the campus on
the top of the hill immediately north of the town of Albion, only about
200 yards from the place of use. Here the latite forms the capping of
a large landslide block and is tilted about 15° to the west. The lava
has the usual black obsidian base, and above, the pinkish or reddish
and the still higher grayish platy facies. Through the pinkish zone are
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layers or bands of fairly massive, non-platy, and only slightly vesicular
rock. Rock from the more compact bands has been quarried in two or
three ;_)laces, but all near together. The one highest on the hill is on
a partlcularly pinkish or reddish layer, and from it blocks three feet
thlck' are readily procured with careful blasting. The lava is broken
by widely spaced joints, usually as much as five feet apart. Only the
upper three feet of the band has been quarried and it is not known to
w_ha,t depth it extends. The rock has a dull, light reddish color; is
hlgh].y porphyritic with numerous glassy plagioclase phenocrysts i;l a
reddish groundmass. Its structure is minutely wvesicular, but not
enc?ugh to spoil its use as building stone. The roclk has a,lsr) o faint
fluidal banding. The layer has been quarried along an area 75 feet
long alj.d 20 feet wide. Much more is available, for the thin platy rock
above is not thick. Most of the platy facies has been eroded and does
n_ot approach serious proportions for a score of feet. Most of the quar-
ried rock, however, is from a point about 100 yards to the west and
lower on the hill, and at about the same horizon. The rock has about
thg same color and texture, although in places it is only faintly pinkish,
This part of the flow is cut by widely spaced vertical joints, in places
10 or 12 feet apart, and by several horizontal joints 12 t0,18 inches
apart. The worked layer is mainly massive or only minutely vesicular

The rock has been described in petrographic detail in another section.
of the report. The quarry face is about 150 feet long and seven feet
high, all in workable rock (Plate XVII, A). The overburden is from
nothing to two feet, but will continue to increase as the working face
advances. The amount available is large and far beyond local demands.
About 15 feet below, the lava changes to the obsidian facies; a short
distance above to the grayish latite, which in addition to its platy
character has large vesicles and is much too vesicular for use.

_ Quartz latite has also been utilized to a moderate extent for dwell-
ings and buildings in Oakley. The grade school has a foundation of
pale reddish colored quartz latite built nearly eight feet above the
ground. The L.D.5. church on the east side of town is constructed
wholly {from blocks of latite except for cornerstones of white tuff (Plate
XVII, B). These blocks have all been trimmed to vniform size and have
bee}l aligned in a most attractive manner. Latite is also used as a foun-
dation stone in many of the dwellings in Oaldey. Most of the rock has
been quarried on Cottonwood Creek, seven or eight miles west of Qakley
and outside the area discussed in this report. The same Lind of rock

is as readily available several miles east of Oakley or in the canyons
to the south.
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Rock so widely distributed in Lhe area as this should come into
more general use as i building stone. Asa foundalion stone, subject to
the action of ground waler, or for piering or shoring ol any sort, the
pinkish latite is tar superior to the wull. [t is not as readily dressed,
however, wnd is therefore less suited Tor the fronts of buildings than
the tufl. The color, too, ts durker and perhaps less desirable. Yet it can
he trimmed into remarkahiy amiform blocks, as has been done in the
stone wsed in 1he DS chureh ot Oakley, and hecause ol its cotor
it really adds 1o the aliraetiveness ol the buildings. Where the stone
buildings are trimmed with rock of other hues, the effect is most strik-
ing.  Atthough the cost of (his stone may e higher thun for other
materials, its strength and durability and its resistance to weuathering
make it highly desirable for permanent structures,

HASALT T,
Basall has been rather extensively used as n foundation stone at
Declo and Lo lesser extent in the walls of some of the smaller Luildings. : vOLATEVL OF S REY VT AR
aemany af N ™ e p e i . ety Vot Wk Tss the et i Ben s vk ba the Can bt o f Vb seane Sormnad Seloel banbdime
It has many of the physical preperties possessed by the quartz latite B trot the s s b s e TR A T i

durability and toughness - but i less altractive because of its dark gray
or black color. Used in combination with other stones, it adds more
tone and gives most pleasing effeets, especially when used as the foun-
dation or chinmey stones or when scal tered thraugh the walls with other
varieties, ete. The hasalt Nows lele the platiness of the fatitie flows,
But are generally muceh more vesicnlar and have much larger vesicles.
IFor this reason The npper part al the Now s penerally unsuited for use
in the walls of buildings. Toward the center of the fows the rock
becomes more massive and has much smadler vesieles, Most of the
hasalt has colimmar joiting, bulas usnad in the Snoke River basalts,
the columms wre thick or the joints widely spaced. By judicious selec-
tien, blocks of consideralie size may be guaried andd these may be
irimmed in desired size and ehipe with no preater dilliculty than is
experienced inworking (he guertz bnites, afthough the basait is some-
whitt more resistant to hammer Biows.

The Snake Liver hasaltis the only Tasalt that has been used. Its
distribution in the northern part ol the County has been cited i an-
other place, alszo = peirographic charieters. Ag it has not been folded
or [aulted or dissceted by pulites, nadurd quarry sifes are in general
laeking, bul most ol the Basaht is henenth o very scant overburden.
The bhasali shows not the least s of wenthering and should last Sl T
indetinitely. Vs use in Toundations can be strongly recommended. o Tl eVt e bt p b ned s bl L1 it Fev st cte s
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With reference to the use of basalt in other parts of the State,
Loughlin' vemarks:

“The Zion Cooperadive Mereantile Institution building at Idaho
FFalls, built in 1854, has a front entirely of hasalt in «dressed blocks,
with hoth rock faee and finely tooled surface; some blocks are six feet
fong.  The stone is of nearty black color and contains severnl small to
Lrpe irregnlarly spriced vesicles. 1L gives @ somber appearance, hut
chosws 1o wenlhoering elfects after 30 years of exposure, und door sills
where loaded trucks have been passing baclk and forth have not suffered
any noticeabie abrasion. Basadt has adso been used, and with good
effect, in the hase of the Methodist Episcopal churel at Lewiston,
erectedl in 1907, Here Uhe blocks are mostly small, with rock face
exposed.”

QUARTZITE

The pre-Cambrian quartzites afford excetlent possibilities for utiliza-
tion as building stone. ‘The general chavacter and distribution of these
rocks wre described in another seetion. They have not been prospecled
or tested, hul they oecur in such abundance as to justily extensive
development should market and other conditions warrant exploitation.
Qo far as could be tearned, onty one dwelling has been entirely con-
structed of quartzite and this one is probably the most pretentious in
the Counly. The house is on e property of the Melcher i\liuing and
Milling Company and has been constructed frony quartzite blocks col-
lected on the pround,  Since the quartzite has given such excelient
resulls in Chis dwelling, it shonld find more general use in the distriet.

Most aof the quarizite s white and nearly vitreous in luster.  Ded-
ding plianes are commonly spaced aboat o foot apart. For this reason
the quinrtzite may be quirried in Blocks of about the desired shape.
Deep quarrying would perhiaps not be necessary, for IIIMENse reserves
are avatlable at the surface. much of it aiready seattered around in
loosened blocks,  Such material is available in the north end of the
rangre and not G from the mest thickly settled parts of the County.
Ledpres suitable s quarny sites should not be ditficalt to find. - For use
in foundations, pieving, cle., the vock has no equal umong the natural
stones and should st indefinitety,

MARBLE

Marble has heen used i the lower part of one of the business build-
ingrs in Ozklev, white batl heing used Tor the remainder. Some also has

S Lephlin, Go L R0 Geal Sarvey Minerad Resonees for 1800, 0, e BEED, 18
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been used locally for tombstones. This rock has been gquarried from
the crystalline limestone or marble beds in the upper part of the pre-
Cambrian Harrison series not far southeast of Oakley. This marble
should prove a valuable resource. Blocks are usually small, but some
as much as three feet thick and nearly twice as long have been blasted
from several of the quarries and no doubt much larger slabs could be
obtained with undercutting and proper guarrying methods. Some
layers are of exceptional whiteness, much like the fine Georgia marble.
Most of it, however, is mottled white and gray, and if blocks were
properly cut and polished, it would be a very attractive ornamental
stone. All the marble is well erystalline, of medium grain, and in general
is mainly free from foreign minerals of metamorphic origin. Little
attempt has been made to utilize it as a building stone, but some
has been burned to lime for local use. The deposits will be described
in greater detail in the section on Limetone and Marble.

OTHER ROCKS

Other rocks might also serve as building stones. For example the
Brazer limestone contains thick beds of uniform character, relatively
free from chert and other impurities, that might be worked into blocks
suitable far building. Some at the north end of the Albion Range might
serve for this purpose and has an advantage over many of the other
varieties in that it is not far from the main highway and the railroad,
and is adajcent to the most thickly populated part of the district. The
sandstones in the Wells formation were not examined with the idea of
their utilization as building stones, but it is possible that they might
suffice. Because of their failure to produce ledges, it is difficult to
determine their adaptabilily to quarrying. Most of the surface blocks
are hard, dense, nearly quarlzitic, and brown from oxidation. Some of
these when broken have gray centers. The suitability of the sandstone
can be determined only by prospecting.

Cranite does not give much promise as a building stone. That now
exposed at the surface in the City of Rocks area is much ghattered and
weak and if quarried and used as building stone would soon disintegrate.
This shattering or granular disintegration probably extends many feat
below the surface or into the exposed ledges. But even though the
outer disintegrated shell were removed the rock would not possess the
desired qualities of a building stone or ornamental stone because of the
white opaqueness of its feldspars. This alteration of the feldspars is
not due to surface weathering, but is probably the result of deep-seated
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action soon after the rock had solidified. For this reason the rock
would show no improvement with depth or assume the qualities espe-
cially demanded in monumental stones.

LIMESTONE AND MARBLE

Limestone and marble are among the most abundant and most
widely distributed mineral resources of the region. Mention has aircady
been made of the use of some of the marble as building and ornamental
stone and of the possible use of the Brazer limestone as building stone.
Aside from these uses, the rocks are also adapted for burning Lo lime,
as a cement material, as agricultural lime, chemical lime, and perhaps
other purposes.

CARBONIFEROUS LIMESTONES

The Brazer formation and the lower part of the Wells formation
contain many beds that appear to consist of relatively pure limestone,
much of which may be classed as “‘high-caleium” lime; that is, which
carries more than 93 per cent calcium carbonate. The distribution of
these rocks has already been discussed and may be seen by reference to
the geologic map. On the whole, the Brazer beds appear to be more
nearly pure than the others, though this formation includes beds of
sandstone and shale in addition to limestone. Some of the limestones
were analyzed in the Idabo Bureau of Mines and Geology laboratory!
and the results obtained are given in the following lable:

1 2 3
Insoluble {siliea}......... .. ... R 1.35 8.95 1.63
Caleium ecarbonate. . ........ .. 94 .8 91.3 95.7
Magnesium carbonate 3.66 2.37 1.30
Irom oxide. ..o e .21 .24 14
Aluminum oxide. .. ... .. ... ... .17 .3 18

1. ngple from massive light gray limestone (Brazer), southern end of the
Black Pine Range in See. 9, T. 16 8., It. 29 E.

2, Sample of the Brazer limestone in See. 7, T. 12 8., R. 30 E_, in Power Gounty.

3. Sample from the Lower Wells formation on the west slope of the Albion
Range, east of Oakley.

The sample from the Black Pine Range (1) is from the ledge of white
or light gray massive limestone so conspicuous and widely distributed
in that part of the Range. Itis much fractured and seamed with calcite.

I Analyses by Mr. R, V. Lundquist, chemist, 1dakio Bureau of Mines and Geology.
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As this limestone contains more than 93 per cent of calcium carbonate,
the product obtained by proper burning would be classed as high-cal-
cium lime. The same member or horizon is also widely distributed in
the northern end of the Sublett Range and probably in the north end
of the Albion Range. It is reporied that analyses made on limestone
from the north end of the Albion Range yield consistently less than
one per cent magnesia, but usually more than 10 per cent gilica or
insoluble. Sample (2) from the Sublett Range is from a grayish, dense,
fine-grained limestone containing numerous cup corals and crinoid
stems. The silica or insoluble material is comparatively high and the
product obtained on burning would fall below the grade of high-calcium
lime. The sample, however, is not wholly representative of the bed.
Sample (3) from the west slope of the Albion Range east of Qakley is
from a dark gray limestone in the lower part of the Wells formation.
This limestone would also yield higli-calcium lime. Its low content in
magnesium carbonate and silica is worthy of note.

None of the Carboniferous limestones have been utilized. It is
certain, however, that limestone of suitable quality exists in sufficient
variety and quantity to form a potential resource of great future value.
Much of the limestone is suitable as a cement material. It may also
be burned to lime and used for many purposes, such as; building lime,
finishing lime, agricultural lime, and perhaps chemical lime. The utili-
zation of the limestone will probably be slow, in view of the great
amount of this material more readily available or nearer railroads in
southeastern Idaho. There probably will be no demand for the lime
as a cement material so long as a cement plant continues in operation
near Pocatello, but the limestone for this purpose mast be regarded
purely as a potential resource.

PRE-CAMBRIAN MARBLE

The marble beds in the middle division of the Harrison series also
possess many desirable qualities. Much of the rock appears to consist
of relatively pure calcium carbonate and is of high-calcium rank,
although the magnesium content is somewhat higher than in most of
the Brazer limestone. The general distribution of these rocks along the
western slope of the Albion Range has been discussed m another place.
The marble has been quarried in a number of places and the rock burned
locally to lime and to some extent used at the sugar factory at Twin
Falls. Samples from several of the quarries were analyzed and the
results are recorded in the following table (R. V. Lundquist, analyst):
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1 2 3 4
Insoluble (silica}............ 5.25 1.06 0.50 0.7
Calcium carbonate, .. ....... 87.17 94.0 97.4 97.4
Magnesium carbonate. ... ... 4.85 4.57 1.38 1.05
Irenoxide................. .78 .21 .14 14
Aluminum oxide. . ....... . .66 .19 .09 .09

1. Quarry at north end of the Albion Range in Sec. 31, T. 10 S, R. 256 B,

2. Quarry near highway between Albion and Decio in See. 24, T.11 8., R. 24 E,

3. Quarry near the mouth of Smith Creek, Sec. 24, T.12 8, R. 23 £, geayish
mottled bands.

4. Same quarry as (3), but of the white marble bands.

"The marble has been exposed in several small quarries at the very
end of the Albion Range about three miles east of Declo, less than one-
fourth of a mile from the main highway, in Sec. 31, T. 10 5., R. 25 E.
An analysis of the marble from one of the small quarries is given in
Column 1. ‘This agrees closely, except for the high percentage of
insoluble, with analyses furnished by the owner of the property. It is
reported that the marble contains up to 11 per cent magnesia, but the
average is between 8 and 5 per cent. It is also reported that 500 tons
were used by the sugar factory at Twin Falls. The marble is mainly
thin-hedded and unsuited for building stone. It is rather coursely
crystalline, grayish, mottled, and has some disseminated pyrite and
lime silicates. About 15 feet of beds are exposed in the quarry, but
because of overburden the true thickness of the member could not be
determined. The beds strike about N. 55° E. and dip about 20° NW.
The same series of beds are again exposed several hundred yards to the
northeast, but little rock has been quarried at that point. The marble
is overlain by schist. No doubt the marble beds appear in many olher
places in this part of the range.

Marble has also been quarried along the highway between Albion
and Deeclo near the upper part of the grade where it makes rapid
descent from the summit of the range to the plain below. The beds
appear much thicker here than farther north and measure more than
60 feet across in the working face. The marble is massive and bedding
is very difficult to distinguish. Maost of it is moderately coarsely
crystalline, free of pyrite or other minerals, grayish, mottled and
banded. It should prove suitable for monumental and building stones,
provided blocks of sufficient size can be obtained. At or near the
surface the marble is much shattered, although blocks two or three
feet wide and five or six feet long, {ree from cracks, may be seen in the
quarry side. With depth the cracks should become less numerous and
more widely spaced and eventually disappear altogether, affording rock
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of suitable size and quality. Analysis of this rock is given in column 2.
It may be classed as high-caleium lime with nearly 5 per cent magne-
sium carbonate. The deposit has been opened by a cut, glory hole, and
a short tunnel and shaft about 60 feet below the outerop. This marble
has been burned to lime, and remains of an old kiln may still be seen.
Apparently the plani has not been operated for many years. The beds
strike about N. 85° E. and apparently dip about 55° Sk. into the hill.
They may be traced several hundred yards to the southwest by the line
of float, but beyond that point the marble is effectively concealed by
detritus from above. Its actual width could not be determined.
Reserves al this place are large and probably far above local demand.

Marble has also been guarried on Smith Creek about three and one-
half miles southeast of Hazel, probably in Sec. 24, T. 12 S, R.22E. very
near the base of the Albion Range. The structural relations here are
very complex, as there appear to be several beds of marble separated by
quartzites; all much disturbed by faulting. Two glory holes have been
made on the main bed of marble, which lies to the east of a fault which
has brought these beds in contact with a different part of the series of
marbles on the other side. This marble is moderately coarsely crystal-
line, grayish, mottied, but has some layers of pure white. Much of
the marble exposed in the two glory holes is broken into small blocks
by jointing and weathering. Some blocks on the waste pile are as much
as four feet long, three feet wide, and two feet thick. : Blocks of size
suited for monumental stone may be obtained, and the proportion of
large blocks is likely to increase with depth below the sutface zone of
joints and fractures. Chemical analyses were made of botli the mottled
and the white marble, with the results recorded in columns 3 and 4.
The high-caleium content. of this marble is at once apparent. The bed
is about 100 feet thick and its trend as measured in the two glory holes
is about N. 75° E. and dip 40° NW. The bed may be traced across
two ridges and then intermittently for a number of miles. Immediately
to the west of the glory holes the beds are cut off by a fault (outlined
by the gully) and lie against beds of impure gneissic marble belonging
higher in the series. These strike about N. 20° E, and dip 30° BE.
The marble is much weathered and stained from the alteration of some
of its silicate minerals. In places the strike changes to the west and
locally is as much as N. 60° W. About 100 feet of these beds, the
upper part composed of relatively pure marble, show in the hill beneath
the capping of quartzite. The bed may be traced to the north for more
than two miles. Much of the marble is not of sufficient purity to inter-
est development. Several zones of marble, apparently the entire upper

GEOLOGY AND MINERAL RESOURCES OF EASTERN CASSIA COUNTY 157

series, appear on the east side of the fault at the top of the ridge north
of the glory holes. One of these is continuous with the marble bed
exploited below and has a thickness of about 105 feet. This lies beneath
about 105 feet of the impure gneissic marble. Then follows about 75
feet of massive grayish marble, 30 feet of gneissic marble, 25 feet of
white and mottled marble, and finally quartzite.

On the south side of Robinson Creek some of the marble forms a
ledge about 85 feet high, overlain and underlain by quartzite. Another
bed of marhle about 30 feet thick outerops higher on the ridge. The
same beds _exposed on 8mith Creek appear alsc on Willow Creek and
other streams to the south, especially on Boulder Creek and Land
Creek. The marble beds are several in number and in the aggregate
total several hundred feet. Some of the marble on Land Creek has
been burned for lime. ,

- Marble also outcrops extensively southeast of Basin or Oakley,
beginning near the foot of the Albion Range near Spring Creek and
Slide Creek. ]t is the grayish and white kind so widely distributed
farther north and may be quarried in blocks of considerable size. Some
has been utilized both for stone and for lime. This marble is readily
accessible and easily quarried. Outcrops also appear south of Mill
Creek, but the deposits do not appear south of North Carson Creek.
The last quarry is in Sec. 28, T. 14 8., R. 23 E. The marble is cut by
the granite, but no contact lime silicates were noted. It is mainly
white, granular, and distinctly bedded. The member is probably more
than 50 feet thick and has been prospected in several places by small
cuts. Some of the marble has been burned to lime, for an old lime
kiln still stands on the premises. )

Tt seems certain that marble of suitable quality exists along the west
margin and north end of the Albion Range in sufficient variety and
quantity Lo form a potential resource of considerable value.

QUARTZITE

The quartzite in the Harrison series is ordinarily rather pure and
vitreous, and should prove a valuable resource in addition to its use as
a building stone. Some of it has all the gualities possessed by vein
quartz and may be crushed or ground and used in a variety of ways.!
Pure quartzite may be used in the manufacture of pottery, in metal-
lurgical and chemical processes, as an adulterant in paints, as a filler
for wood, in the manufacture of silica glass, as a road filler, as an

I Loughlin, G. F., U.5, Geal. Survey Mireral Resources for 1913, pt. 2, chapter on silica, 1914,
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abrasive in scouring soaps, in making sandpaper, in the manufacture of
polishing powders, for “frosting” glass, and for other purposes. Asan
abrasive, crushed quartz is preferable to sand or crushed sandstone
because it has sharp edges. For the same reason it 1g preferred for
paints and as wood filler, because grains with sharp edges adhere more
closely than those with rounded edges.

The quartzite in the northern end of the Albion Range is favorably
situated with respect to transportation, both by highway and by
railroad. Location of quarries involves only the selection of those places
with a minimum amount of overburden and easy access to the highways.
The quantity of rock in the Albion Range needs no estimation, for the
supply is inexhaustible. Utilization of this resource can come with the
establishment of abrasive, ceramic, metallurgical, and chemical indus-
tries in the surrounding region. It probably would be impossible to ship
the quartzite to eastern markets in competition with deposits nearer the
point of demand, because of the long, expensive haul across the country.

VOLCANIC ASIL

Voleanic ash or pumicite is a widely distributed resource of consid-
erable potential value. Its general characters and distribution have
been discussed elsewhere, much of the so-called tuff in*the Tertiary
series being in reality thick beds of white to light gray, fine to coarse,
pumiceous ash of rather exceptional purity. High grade pumicite has
a variety of uses, especially in abrasives. Usually it is ground so as to
give a uniform product, when it may be used as the principal ingredient
in many cleansing compounds, in abrasive hand soaps, in metal polishes,
tooth pastes, and as a filler for paints. It has also found use as a light-
weight concrete aggregate, taking the place of a considerable part of
the cement.

None of the pumicite has so far been utilized. Its exploitation is
controlled by the same factors that govern the marketing of the
quartzite-—namely, the long distance from present markets where the
supply is from much nearer sources. Much of the ash is concealed
beneath the Tertiary lavas, bul exposures are sufficiently numerous in
the fault scarps and deeper gullies to provide an immense reserve of this
material. Deposits are farther removed from the railroads than the
guartzites, but this factor is more than balanced by the cheaper costs
in quarrying and grinding. Adequate exposures are on the east and
west flanks of the Malta Range and in the canyons southwest and
south of Oakley. Deposits in the Sublett and Black Pine ranges are
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too far removed from railroads to compete successfully with those in
other parts of the distirict.

MICA

Considerable prospecting has heen done for mica near the southern
end of South Mountain, but so far none of commercial size has been
found. Such muscovite as has been found forms small plates or books,
rarely more than four inches across and seldom more than two, scattered
widely through the pegmatite bodies. These lie in any position in the
pegmatites and show no tendency to form nests or seams. With such
an abundance of pepmatites in some parts of the region and with so
many holding muscovite plates, there is always the possibilily that
some with marketable sizes of mica may be found. But the failure of
large books to show in any of the outcrops or in any of the surface
debris does not lend encouragement.

FELDSI'AR

Feldspar is an abundant constituent in the pegmatites admixed with
quartz, muscovite, biotite, and several minor accessories, as discussed
in the section under igneous rocks. Feldspar is employed mainly in the
ceramic industry and to a less extent as an abrasive in scouring soaps
and window washes. It is also used in the manufacture of glass, roofing
material, and conerete. Most whiteware bodies consist of 10 to 35 per
cent of feldspar and glazes usually contain from 30 to 50 per cent of this
material,

As the pegmatite bodies are usually small and irregular, the mines
must also be small and irregularly developed and operated. Few de-
posits farther than five miles from a railroad can be operated success-
fully. Unless exceptionally well located or of unusual purity, deposits
less than 25 feet wide are of litile commercial interest. For economical
operation, marketable feldspar should constitute at least 50 per cent
of the rock mass; should cccur in fairly large clean masses, so that
sorting is easy; should be free from iron stains, and other finely dis-
seminated impurities; and quartz should constitute not over 25 per cent
of the shipping product.

Most of the pegmatites are in the southern end of South Mountain,
nearly 18 miles from the end of the railroad at Oakley. Some of the
bodies are large, exceeding 25 feet in thickness, and may be traced for
several hundred feet on the surface. In some the quartz and feldspar
are intricately intergrown as graphic granite, composed normally of
about 75 per cent feldspar and 25 per cent free guartz, but most of
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them have essentially the textures of very coarse grained granites. In
most of them the feldspar constitutes nearly half of the rock. Should
there ever be a demand for feldspar from the general region, no doubt
suitable deposits may be found for exploitation.
CLAY

No special study was made of the clay occurrences in Cassia County.
Considerable clay has been mined and burned to bricks in a plant at
the east edge of Burley. A good grade of brick is produced and is used
extensively in buildings and houses in Burley and in the surrounding
region. This clay is of the transported kind and is mined from thc? silt
or floodplain deposits not far from the banks of the Snake River.
Reserves are probably sufficient to supply the local demand indefinitely.
Clay has also been burned in other parts of the district, but none other
than the plant at Burley is in operation at the present time. o

High grade clays or kaolins were not seen anywhere in the district,
but the lower grade suitable for structural uses are widespread. In
addition to the clay or silt deposits along the Snake River, there are
extensive deposils of aeolian clays or loess which are equally" as well
adapted for burning to ordinary bricks or tile. Such deposits have
pbeen mentioned elsewhere as oceurring north of the town: of Albion and
in the north end of the Sublett Range and the bordering Snake River
Plains. In the latler locality the aeolian deposits are’ exceptionally
thick and easily mined, but will never find utilization in Cassia County,
because deposiis of the same kind are more easily available along the
railroad at American Falls in Power County. ‘

CYANITE

Cyanite has been found in the north end of the Albion Range, in
Sec. 9, T. 118, R. 26 E,, in boulders or blocks derived from the thick
garnetiferous schist member in the upper part of the middle division of
the Harrison series. Several small boulders have been found on the
surface, in part resting on the schist and in part in the talus slide below
the outerop. These boulders or blocks contain small lenticular masses
of bladed crystals or crystal aggregates measuring from an inch or two
thick to nearly a foot. They constitute relatively pure cyanite aggra-

gates whose individual erystals of pale bluish color form blades as long

as six to eight inches and an inch or more wide, The nests are firmly
bedded in the highly garnetiferous schist and some of the blades pene-
trate into the schist. Quartz is commonly associated with the cyanitfa,
and in some there are large flakes of brownish phlogopite. Microscopic

EaS 4
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studies of the enclosing schist show it to be composed essentially of
sillimanite, with some andalusite, quartz, graphite, garnet, and several
minor accessories. Reliet structures of the schist may be seen in the
cyanite nests without the aid of the microscope and these relations sug-
gest that the cyanite has been developed by Lhe recrystallization of the
materials in the schist or by replacement of these materials. The cyanite
masses are not readily detached from the firmily held schist.

Cyanite contains the same chemical elements as andalusite and in
the same proportions, and should serve the same purpose as andalusite.
The latter is being used in the manufacture of sparkplug porcelains,
and if it could be produced cheaply it might be used as a source of
alumina in many other ceramic processes. Not only is there a demand
from the potters for aluminum material, but it has been learned that
aluminous refractories are much more satisfactory than firebrick for
certain purposes.

No search has been made to find the part of the schist in which the
cyanite is developed. Cyanite is a frequent or common constituent in
metamorphic rocks, although it rarely forms large masses or occurs in
such gquantity as to encourage commercial development. It is very
unlikely that it will be found in any greater abundance than in occa-
sional scattered nests and then probably very locally. This schist
member may be traced for many miles along the west margin of the
Albion Range, but so far as known, cyanite has not been found in any
part of it except in the one particular locality. 1ts localization is per-
haps the result of contact action in the neighborhood of granite, al-
though no granite appears at the surface in this part of the range. It
should Tequire very little effort to find the cyanite in place, as most of
the sehist (here about 200 feet thick) projects above the surface or is
beneath a comparatively thin overburden. Its interest will probably
prove to be more scientific than commercial.

ROAD METAL

Supplies of rock suitable for road metal are very abundant in Cassia
County, but comparatively little use of them has been made. Most of
the surfacing of roads has been with gravels derived largely from the
same formations which are considered best adapted for use after crush-
ing. Obviously, it is much less expensive to utilize rock already broken
than to quarry and submit the material to crushing. While crushed
rock possesses some qualilies on the road lacking in rounded gravel,
these same qualities may be obtained by submitting the gravels them-
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selves to crushing. Should crushed rock be desired, practically inex-
haustible supplies are readily available. Such rocks adapted for use as
road metal include the Snake River basalt, the Tertiary latites, pre-
Cambrian quaclzites, and, in some of the more remote parts of the
area, the Carboniferous limestones and cherts.

Where rock is intended for water-bound macadam construetion, the
most essential qualilies to be determined are hardness (resistance to
abrasion), toughness (resistance to impact of traffic), and binding power
or cementing value {ability of the rock powder when in contact with
water to bind or cement the larger rock fragments and prevent their
displacement under the shearing action of traffic). In general, the
igneous rocks possess qualities superior to those of sedimentary rocks.
In south Idaho the cementing value of the crushed rock or gravel has
been one of the critical factors in the construction of permanent maca-
dam roads. No rock has yet been found that would stand under the
arid elimatic conditions, but binding material is soon loosened during
the dry ‘season and carried away by the winds. ‘This difficulty in road
construction has recently been overcome by the use of a bituminous
or ¢il binder.

Crushed Snake River basalt is probably the best material for per-
manent roads. Usnally it is superior in hardness and toughness, and
its cementing value, especially in the slightly weathered rock, is high.
“This rock is available across the northern part of the district in the line
of the heaviest traffie, but none of it has been ulilized. The rock is
exceedingly fresh and none of it has been eroded to form gravel deposits.
It would therefore be necessary Lo quarry and crush the rock from the
ledge before it could be used on the road and it would probably be
necessary to add an oil binder to obtain the best results under the arid

" ¢limatic conditions.

The Tertiary quartz latites also possess desirable qualities as road
metal. As much of the latite has a platy character, it would probably
reduce to smaller fragments much more readily than the basalt, but also
would probably break down more easily under heavy traffic. No doubt
its wearing or abrasive qualities would also be somewhat less. None
of it has been quarried and crushed directly from the ledge, but some
obtained from talus slopes has been used on certain of the secondary
roads. It appears to be satisfactory under the lighter traffic and its
value could probably be improved by removing some of the larger
fragments or blocks from the roadways. Gravels derived from the
latites have been used on the South Branch of the Old Oregon Trail
near Tdahome. The gravel cements better than most of the other
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materials used in the district, but the road becomes dusty and ravels
in the dry, hot part of the summer. The rock is available over much
of the area, either in the ledge or in the gravels at the bhase of the lava
ridges. Crushed talus or gravel would serve as well as the crushed
massive rock and would prove much less expensive. Such material
would also possess better cementing qualities because of the wealhered
materials and clays or silts admixed with it.

Quartzite, which is composed essentially of the hard mineral quartz
and in this region is a recrystallized sandstone of much the same char-
acter as vein quartz, is superior to all other sedimentary rocks and equal
to or superior to most igneous rocks in resistance to wear, hardness,
and toughness, but is inferior to all in cementing value. Bul where
bituminous material forms the binder, the cementing value of the rock
used as surfacing material is of less importance. Such quartzite can well
suffice in or near the Albion Range, the Raft River Range, and South
Mountain, but is not available elsewhere except in some of the trans-
ported gravels or extensive aliuvial slopes at the base of these ranges.

Rocks available in the eastern part of the Counly are mainly the
Carboniferous limestones, sandstones, and cherts, locally latite and
basalt. Sandstone is not salisfactory as a road material, as it is readily
reduced to sand under light traffic. Chert is locally abundant along
Yublett Creek and it might be utilized, especially as some of the out-
crops of the Rex chert member are well located and much fractured,
so that quarrying would be easy. Its wearing qualities would perhaps
be lower than for sandstone and limestone, but its hardness and tough-
ness should exceed both. It should also develop good binding qualities
on the road. Limestone has in general an excellent cementing value,
but its hardness is low and the wearing qualities only fair. It is suitable
under light traffic. It is probably the best material available in the
southeast part of the County and may in places be utilized from the
gravel deposits which extend from the base of the Black Pine Range.

Cranite is not well fitted to serve as a road dressing. Much of it 13
so shattered or disintegrated that it would readily reduce to a sand
under traffic. However, with a suitable base beneath, it could serve as
a top dressing and would yield a smooth sandy road. Ils utilization
could be only local on roads mainly in the City of Rocks area.

SCENIC RESOURCES

The scenic resources of Cassia County could be much more fully
utilized. In the Cassia City of Rocks the district has one of the most
unigue features of its kind in the country and perhaps in the world.
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Although picturesque erosion features, such as rather striking displays
of large boulders, domed monoliths, castellated forms, and.Pedestal
rocks of varied size and shape, are fairly common in the grgmtm rocks
of arid and semi-arid regions, in no place, so far as the_z writer knows,
except possibly in the Buffalo Mountains in .Au‘straha, are the_y 80
strikingly developed and brought together mthlp sgch. a relatw'ely
compact area as in Classia County. The rock c1.ty is w1‘thm _forty .mlles
of the 01d Oregon Trail and could be made an interesting su.]le t:np for
the thousands of tourists who cross the northern end of the dlstnfzt an.d
know nothing of its presence. The old immigrant road to Cz?hforma
passed about a mile to the south of the main part of the rock c1t}'r, and
needless to say, the City of Rocks was better known to the pioneer
travelers who first settled southern Idaho than to residents' of Idaho
today. It is a scenic resource of great worth, as 3{et praqtlcally un-
developed. Its features are sufficiently unique and mteres:tmg so that
they should be included in a national playground or National Monu-
ment. No comment is necessary as to the value of such a resource to
Cassia County were it widely advertised. The thousands of tourists
who would enjoy seeing these spectacular features and who could be
made to linger in the region is answer enough.
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Figure 4. A portion of the geologic map by Anderson showing the geology of the Willow Creek drainage.
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Charles E. Brockway, P.E., Ph.D.

Brockway Engineering
2016 North Washington St. Suite 4
Twin Falls, ID 83301
(208) 736-8543
(208} 736-8506 FAX
E-mail: cebrock@mindspring.com
February 2002

Present title:
Senior Member — Brockway Engineering P.L.L.C
Formerly-Research Professor — Civil and Agricultural Engineering: Supervision of research

conducted by the University Water Resources Research Institute and the College of
Engineering at Kimberly, idaho. Graduate student supervision and directed studies instruction in
Water Management and Water Resources related subjects.

Associate Director — Idaho Water Resources Research Institute

Summary of education beyond high school:

University of Idaho 1855-1959, B.S.-Civil Engineering, 1959

California Institute of Technology 1959-1960, M.S. — Civil Engineering, 1960
University of Colorado, Denver, Colorado, Management, 1963

University of Denver; Denver, Colorado, Civil Engineering, 1964

Utah State University, Ph.D.-Water Resources Engineering, 1977

Number of years service on U of | faculty: 32
Date of original appointment: 1965
Pates of advancement in rank;
Associate Research Professor: 1974
Professor — 50% Agricultural Engineering, 50% Civil Engineering. 1978

Subjects and courses taught:
CE 500, CE 600, CE 502

Summary of academic experience:
University of Idaho ~ Research Professor—Civil and Agricultural Engineering, 1978
University of ldaho — Associate Research Professor, Civil Engineering, 1974-1978
University of Idaho — Assistant Research Professor, Civil Engineering, 1965-1974
Boise College — Instructor in Engineering, 1961-1963

Summary of other experience:
Senior Member, Brockway Engineering P.L.L.C. Water Resources Engineering
University of Idaho — USAID Pakistan Project on irrigation Systems Management Research,

1684
U.S. Bureau of Reclamation — Hydraulic Research Laboratory, Denver, Colorado — Hydraulic
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Research Engineer, 1963-1965

U.S. Bureau of Reclamation — Boise, ldaho — Hydraulic Engineer, 1961-1963

Converse Foundation Engineering, Inc. — Pasadena, California — Foundation Engineer, 1960-
1961

California Institute of Technology — Pasadena, California — Assistant Project Engineer, U.S.
Public Health Services Research Project, 1859-1960

Partial Client List:
Twin Falls Canal Company - Twin Falls, Idaho — Hydrology and water use
North Side Canal Company — Jerome, Idaho — Hydrology and water use
Micron Technology — Ground water and water supply
J.R. Simplot Company — Land disposal of processing waste, water supply, water rights
City of Twin Falls — Water supply and hydrology
Idaho Trout Processors — Hydraulics and water supply
Cedar Mesa Reservoir and Canal Co— Water Management Consultant
Clear Springs Trout Company, Buhl, Idaho — Water supply and distribution systems
ldaho Power Company, Boise, Idaho — Relationships of groundwater and surface water — Upper
Snake River Basin — water right adjudication
Idaho Department of Fish and Game — Evaluation of groundwater stream relationship for
litigation — Parma vicinity
Blaine County, Idaho — Waste disposal systems for high-density rural subdivisions
City of Mountain Home, ID. Water Rights, hydrologic analysis
Rinker Company, Long Beach, CA Hydrology, water rights
U.S. Bureau of Reclamation (was Maricopa County Water District) — Arizona Flood Study
Office of Technology Assessment — U.S. Congress — Irrigation Distribution Systems
U.S. Department of Justice — Indian Water Rights
Montgomery Engineers — Ground water quality evaluations
J.U.B. Engineers, Twin Falls, ldaho — Groundwater and hydraulics
Amalgamated Sugar Company, ldaho — Hydrology and waste disposal
Pioneer lrrigation District, Idaho Water rights and hydrology
Aries Development Co. Subdivision water rights
Eagle View Farms, Castleford ID-Water rights and irrigation system
Rim View Trout Company, Wendell |D- Hydraulics

Registered Professional Engineer:
Idaho, Colorade and Washington

Special Awards or Honors:
Honorary Membership ASTM, 1859
U.S. Army National Defense Transportation Award, 1958
Distinguished Military Graduate — University of Idaho
Top Ten Graduating Senior — University of Idaho, 1959
No. 2 in graduating class of 889, University of Idaho, 1959
Representative of USBR Division of Research at 1963 Intergovernmental Training Program,
Denver, 1964
Scholarship — University of Denver, Graduate School of Management, 1964
National Science Foundation Fellowship — Utah State University, 1967-1968
Qutstanding Young Engineer Award for Idaho, National Society of Professional Engineers, 1968
Engineer of the Year, 1997 American Society of Agricultural Engineers
|daho Water Users Hall of Fame - 1998

Membership in professional and scholarly organizations:
National Society of Professional Engineers, 1967- present
Idaho Society of Professional Engineers, 1967- present: President 1978
American Society of Civil Engineers — Irrigation & Drainage Division Committee

Loar,
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Chairman:

1) Operation and Maintenance of lrrigation and Drainage Systems, 1975-1981
2) Water Quality Committee, 1980-1984, Chairman

3.) Task Committee on Guidelines for Erosion and Sediment Control in Irrigated

Agriculture, 1980-1983, Chairman
4) Publications Committee, 1985-1992
Research Society of America
National Council of Examiners for Engineering and Surveying, 1981-1991
Idaho Board of Professional Engineers and Professional Land Surveyors, 1981-1991, Chairman

American Water Resources Association

Offices held in such organizations:

National Society of Professional Engineers
Member — Young Engineers Committee, 1873-1974
Chairman — Young Engineers Committee, 1975-1977
Member — President's Committee on Board of Directors Organization, 1977
Member — Registration and Qualification for Practice Committee, 1979-1981
Chairman — Registration and Qualification for Practice Committee, 1982-1984
Member — Participating Organizations Liaison Committee to NCEE, 1982-1984

Idaho Society of Professional Engineers, President 1978
President - Magic Valley Chapter, 1970-1971
Member — State Ethical Practices Committee, 1966-1977
Member — State Intersociety Relations Committee, 1968
Member — State Nominating Committee, 1975-1976
Member — Board of Directors, 1972-1973
Member — Board of Directors, Past President Chairman — Nominating Committee 1979
State Director — Representative for [daho NSPE, 1982-1983
Nominating Committee for ldaho Board of Professional Engineers & Land Surveyors
Member

American Society of Civil Engineers
Member — Operation and Maintenance of Distribution Systems Committee Irrigation and

Drainage Division, 1975-1981
Chairman - Irrigation and Drainage Division, Operations and Maintenance Committee,

1977-1979
Member — Water Quality Committee, Irrigation and Drainage Division, 1980-1984
Chairman — Water Quality Committee, lrrigation and Drainage Division, 1982-1984
Member — Task Committee on Water Measurement, 1980-1983
Chairman — Task Committee on Guidelines for Erosion and Sediment Control in Irrigated
Agriculture, 1984 — Present
Member — Publications Committee, 1985 — Present
Corresponding Member — ASCE irrigation and Drainage Division Committee on
Operation and Maintenance of Irrigation Systems
Reviewer — ASCE Irrigation and Drainage Division Committee on Publications
Idaho Board of Professionat Engineers and Land Surveyors Member, 1981
Vice Chairman, 1983-1984
Chairman, 1984-1986, 11990-1992
National Council of Engineering Examiners
Assistant Vice President, Western Zone
Member, Professional Examinations Advisory Committee
Member, Committee on Uniform Procedure and Legislative Guidelines, 1984
Member, Communications and Publications Committee, 1983
Member, Uniform Examinations and Qualifications Committee, 1984 — 1986
Member, Committee on Examination Policies and Procedures, 1987 — 1989
Member, Advisory Committee on Council Activities, 1986-1987
Assistant Vice President — Western Zone, 1986-1987
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Member, Fundamentals Examination Review Committee, 1986 1988

Scholarly and creative activity:
Research:

Development of systems analysis procedures for optimization of irrigation system
designs with environmental, physical, and social constrains.
Evaluation of crop consumptive use, irrigation requirements, and methods of determining
basin depletion from agricultural development
Systems analysis of water use to develop mathematical methods for studying complex
ground water-surface water systems — mathematical modeling of aquifers,
Ground water quality and river system water quality evaluations for nutrient load
determination and river system modeling.
Development of guidelines for design of sediment removal facilities for on-farm and
irrigation distribution system waste ways
Evaluation of attainable impacts on water quality of irrigation return flows due to
implementation of best management practices for sediment and nutrient control.
Evaluation of alternate energy sources for irrigation and municipal needs in ldaho.
Analysis of operation and maintenance cost of water distribution systems and
determination of the relationship of costs to known physical and organizational
parameters and water use efficiency.
Evaluation of the economic potential for use of geothermal hot water and steam in ldaho,
Study of the movement of water from canals to local water tables under saturated and
partially saturated conditions.
Studies of the mechanisms of microbial action, sedimentation and soil-water-chemical
interactions involved in natural sealing phenomenan in canals and reservoirs,
Evaluation of irrigation management practices for sustained land disposal of geothermal
fluids.
Evaluation of practices and systems for controlling sediment and other pollutant losses
from irrigated lands.
Investigation of the response of aquifer systems to changes in recharge or withdrawal
due to change in land use.
Evaluation of procedures for estimating crop water requirements,
Development of cost effective procedures and equipment for measurement of irrigation
diversions and power use in open and closed systems

Community services and other relevant activities:
Member — Intermountain District Church of the Nazarene; Camps Board — 1976-1984, Board of
Church Properties — 1976-1979
Member and Vice President, Twin Falls Reformed Church Consistory 2000-Present
Member — Twin Falls City Planning and Zoning Commission 12/1978-9/1879
Member — College of Southern ldahe Geothermal Energy Commission
Member — Governor's Committee on Energy Use — 1980-1981
Member — Idaho Technical Advisory Committee for Sediment in Surface Water
Chairman — Snake River Technical Advisory Committee — Idaho Legislative Council, 1983-1985
Advisor — Governor's Snake River Advisory Committee — 1985
Member — Water Resources Foundation Board of Directors — 1985
Chairman — Idaho Technical Committee of Hydrology
Member — Idaho Department of Health & Welfare Sediment Citeria Committee
Member — Snake Plain Advisory Committee of Idaho Department of Health & Welfare
Member — Idaho Water Users Water Quality Committee — 1980
Member — INEL Dose Evaluation and Risk Assessment Committee
Member — Columbia River System Operations Review
Member — Mid Snake River Nutrient Management Advisory Committee
Member - Mid Snake River Irrigation Water Quality Coordination Committee
Technical Advisor — Middle Snake River Committee
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Member — Liaison Committee, U.S. Geological Survey National Water Quality Assessment
Program, Snake River Basin

Member — Snake River Studies Committee, |daho Department of Water Resources
Member — City of Twin Falls Wellhead Protection Committee

Member-Eastern Snake River Plain Groundwater Modeling Committee

Publications:
Brockway, C.E. 1964. Progress Report — Investigation of a Seepage Meter Desighed by the
Agricultural Research Service — Lower Cost Canal Lining Program, Bureau of Reclamation

Hydraulic Branch HYD-529

Brockway, C.E. 1964. Flow Resistance Coefficients of Three Sizes of Cast-in-Place Concrete
Pipe. Bureau of Reclamation Hydraulic Branch, HYD-533, 1964

Brockway, C.E. 1965. Investigation of the Effect of Turnout Geometry on the Registration
Accuracy of a Propeller-Type Open Flowmeter Bureau of Reclamation, HYD-545, 1965

Brockway, C.E. 1966. Groundwater Investigations and Canal Seepage Studies. Engineering
Experiment Station, University of Idaho, Progress Report No. 1, 1966.

Schuster, J.C. and C.E. Brockway. 1967. Investigation of a 4-Inch Magnetic Flowmeter. Bureau
of Reclamation, HYD-574

Worstell, R.V. and C.E. Brockway. 1967. Estimating Seasonal Changes in Irrigation Canal
Seepage. Presented at Spokane, Washington October 20, 1967.

Worstell, R.V. and C.E. Brockway. 1967 Groundwater Investigations and Canal Seepage
Studies. Engineering Experiment Station, University of Idaho, Progress Report No. 2

Bloomsburg, G.L. and C.E. Brockway. 1968. Movement of Water from Canals to Groundwater
Tables. Research Technical Completion Report, [daho Water Resources Institute.

Worstell, R.V. and C.E. Brockway. 1968. Field Evaluation of Seepage Measurement Methods.
Presented at 2"d Seepage Symposium, Phoenix, Arizona February 1968.

Bondurant, J.A., C.E. Brockway, and R.V. Worstell. 1968. Plastic Casings for Soil Cores. Soll
Science, Vol. 107 No. 1

Herbig, A.E. and C.E. Brockway. 1970. Operations and Maintenance Costs of Irrigation
Distribution Systems. Proceedings, National Irrigation Symposium, Lincoln, Nebraska

Bondurant, J.A., C.E. Brockway and R.V. Worstell. 1971. Systems Analysis of Irrigation Water
Management in Eastern Idaho. Progress Report No. 1, University of ldaho Engineering
Experiment Station

Brockway, C.E. 1971. What Does It Cost to Operate an Irrigation District?. Proceedings, Fifth
Regional Water Users’ Conference, Bakersfield, California

Bondurant, J.A., R.V. Worstell, and C.E. Brockway. 1972. Water Resources Management in the
Upper Snake River Valley. Proceedings, Irrigation & Drainage Division, Specialty Conference,
ASCE, Spokane, Washington

Nicholas, C.R., Warnick, and C.E. Brockway. 1972. Geothermal Water and Power Resources
Exploration and Development for Idaho. Research Technical Completion Report, University of
Idaho, idaho Water Resources Research Institute, Moscow, |D
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Brockway, C.E. 1972. Estimating Irrigation Distribution System Operation and Maintenance
Costs. Paper presented and the Annual Meeting, Pacific Northwest Region ASAE, Calgary,
Alberta, Canada, October 10-12, 1972.

Bondurant, J.A., R.V. Worstell, and C.E. Brockway. 1973. Implications of Changes in Water
Management in the Upper Snake River Basin. Paper presented at the ASCE Water Resources
Conference, Washington, D.C., January, 1973

Brockway, C.E. 1973. Investigation of Natural Sealing Effects in Irrigation Canals, Research
Technical Completion Report, Project A-023-1DA, |daho Water Resources Research Institute

Reese, D.L. and C.E. Brokcway. Operation and Maintenance Cost on Irrigation, Distribution
Systems, Progress Report, University of Idaho, College of Engineering

De Sonneville, Jos L.J. and C.E. Brockway. 1973. Systems Analysis of Irrigation Water
Management in Eastern Idaho. Research Technical Completion Report, Project B-018-1DA,
University of Idaho, Idaho Water Resources Research Institute, Moscow, 1D.

Reese, David L., H.F. Mayland, and C.E. Brockway. 1973. Alternative Methods of Estimating
Snow Water Parameters. Water Resources Research, Vol. 9 No. 5

Bondurant, J.A. and C.E. Brockway. 1974. Operation and Maintenance Cost on Irrigation
Distribution Systems. Proceedings, Vllith International Congress of Agricultural Engineering,
Fievohof, Netherlands

Bondurant, J.A. and C.E. Brockway. 1974. Sediment Ponds Clean Irrigation Runoff Water.
Idaho Farmer.

Brockway, C.E. 1974. Water Resources of the Upper Snake River Basin, Proceedings, National
Environmental Research Park Symposium, ldaho Falls, Idaho.

Watts, F.J., C.E. Brockway, and A.E. Oliver. 1874. Analyses and Design of Settling Basins for
irrigation Return Flow. Research Technical Completion Report, Project A-042-IDA, University of
Idaho, Idaho Water Resources Research Institute, Moscow, 1D

Warnick, C. and C.E. Brockway. 1974 Hydrology Support Study, A Case Study of Federal
Expenditures on a water and Related Land Resource Project. Boise Project, Idaho and Oregon
Project C-4202. University of Idaho, Idaho Water Resources Research Institute, Moscow, ID.

Brockway, C.E. 1975. Energy Plant Siting Position Paper, Idaho Society of Professional
Engineers February, 1975 (Member of Committee on Energy Plant Siting).

Bondurant, J.A., M.J. Brown, and C.E. Brockway. 1975 Some Aspects of Sedimentation Pond
Design. Proceedings, National Symposium on Urban Hydrology and Sediment Control,
Lexington, Kentucky

Brockway, C.E. 1975. Issues involved in Peoples Choices in Resources-Water. |[daho Academy
of Science, Caldwell, ID.

Brockway, C.E. 1975. Science in Idaho's Future, ldaho Academy of Science, Panel Sympostum

Claiborn, B.A. and C.E. Brockway. 1975. Impact of Changes in Irrigation Water Management in
Eastern ldaho. Research Technical Completion Report, Project A-040-IDA, University of ldaho,
Idaho Water Resources Research Institute, Moscow, 1D.
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Bondurant J.A., C.E. Brockway, and M.J. Borwn. 1976. Characterizing Irrigation Return Flow
Streams. 71" U.S. Technical Conference and 10" ICID Congress.

Brockway, C.E. 1977. Vegetative Buffer Strips for Sediment Retention in Irrigation Runoff.
Proceedings, ASCE irrigation and Drainage Division Specialty Conference on Water
Management for rrigation and Drainage, Reno, Nevada

Brockway, C.E. 1977. Sediment Ponds for Irrigation Return Flow and Potato Fresh Pack
Effluent. Research Technical Completion Report, Project A-042-1DA. University of Idaho, Idaho
Water Resources Research Institute, Moscow, ID.

Fitzsimmons, D.W., G.C. Lewis, J.R. Busch, G.M. McMaster and C.W. Berg. 1977. On-Farm
Methods for Controlling Sediment and Nutrient Losses. Proceedings, National Conference on
Irrigation Return Flow Quality Management, Fort Collins, Colorado.

Brockway, C.E. 1977. Investigation of Natural Sealing Effects in Irrigation Canals. Ph.D.
Dissertation, Utah State University.

Brockway, C.E. and K.P. Grover. 1977. Water Management and Groundwater in the Henry's
Fork-Upper Snake River Basin of Idaho. Research Technical Completion Report, ASCE Henry's
Fork Project, ldaho Water Resources Research Institute.

Bondurant, J.A., M.J. Brown and C.E. Brockway. 1977. Predicting Irrigation Return Flow Rates.
ASAE-SW-192.

Claiborn, Brent and C.E. Brockway. 1977. Predicting Attainable Irrigation Efficiencies. ASCE.

Grover, K.P. and C.E. Brockway. 1978. Evaluation of Urbanization and Changes in Land Use on
the Water Resources of Mountain Valleys. Research Technical Completion Report. Project B-
038-IDA. University of Idaho, ldaho Water Resources Research Institute, Moscow, ID.

Robbins, C.W. and C.E. Brockway. 1978. Irrigation Water Salt concentration Influences on
Sediment Removal by Ponds. Soil Sci. Soc. Am. J. 42:478-481.

Longley, T.S., C.E. Brockway, and E.C. Larsen. 1978. Low Energy Sprinkler Equipment. ASAE
Annual Meeting, Spokane, Washington. PN-78-406.

Brockway, C.E. 1978. Systems Analysis of Irrigation Water Use in Eastern Idaho. OWRT.

Brockway, C.E. 1978. Alternative lrrigation Systems for Flood Damaged Irrigation Lands Below
Teton Dam. Research Technical Completion Report, ldaho Water Resources Research
Institute.

Busch, J.R., R.G. Allen and C.E. Brockway. 1978. Irrigation Rehabilitation Plans in the Teton
Flood Area. ASCE Convention and Exposition, Chicago, lllincis.

Allen, R.G., J.R. Busch, and C.E. Brockway. 1979. Optimal Irrigation Systems Subject to
Available Resources Constrains, 1X Congress CIGR 1979.

Brockway, C.E. 1979. Relationship of Costs and Water-Use Efficiency for Irrigation Projects in
|daho. Research Technical Completion Report, University of Idaho, Idaho Water Resources
Research Institute, Moscow, ID.

Brockway, C.E. 1979. Effects of Changing Irrigation Efficiencies on Water Supplies. ASCE

i
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irrigation and Drainage Division Specialty Conference. Albuquerque, New Mexico.

Brockway, C.E. 1979. Snake Piain Aquifer Model Studies. Idaho’s Water, September 1879 Vol
6 No. 4

Brockway, C.E., editor. 1980. Manual on Operation and Maintenance of Irrigation and Drainage
Districts, American Society of Civil Engineers, prepared by Committee on Operation and
Maintenance of Irrigation and Drainage Division.

Allen, R.G. and C.E. Brockway. 1980. Problems in Developing and Applying an Optimal
Irrigation Plan. ASCE Journal of the Water Resources Planning and Management Division, Vol.
106 No. WR 1.

Mayland, H.F. and C.E. Brockway. 1980. Frequency Analysis of Western Snow Data.
Proceedings. 1980 ASCE Watershed Management Symposium. Boise, |daho.

Robinson, C.W. and C.E. Brockway. 1980. Vegetal Filters for Controlling Sediment in lrrigation
Return Runoff. Proceedings. 1980 ASCE Irrigation and Drainage Division Specialty Conference.
Boise, Idaho.

Busch, J.R. and C.E. Brockway. 1980. Systems Approach to Irrigation Planning Research. 1980
ASCE Irrigation and Drainage Specialty Conference, Boise, Idaho.

Brown, M.J., C.E. Brockway, and J.A. Bondurant. 1981. Ponding Surface Drainage Water for
Sediment and Phosphorus Removal. Transactions ASAE, Vol. 24, No. 6 pp. 1478-1481.

Brockway, C.E. and R.G. Allen. 1982 Impact of the Energy Crisis on Irrigaticn and Drainage,
Part IV: System Design and Management Practices to Reduce Energy Requirements and
Consumption. Paper Presented at the 9" Congress of the international Committee on Irrigation
and Drainage, National Conference. Jackson, Mississippi.

Everts, Chris and C.E. Brockway. 1982. Reducing Soil Losses with Filter Strips. Current
Information Series No. 587 University of Idaho College of Agriculture. January 1982.

Luttrell, S.P. and C.E. Brockway. 1982 Impacts of Individual On-Site Sewage Disposal Facilities
on Mountain Valleys — Phase |. Research Technical Completion Report. University of Idaho,
ldaho Water Resources Research Institute, Moscow, ID.

Wells, R., C.E. Brockway, and J.R. Busch. 1983. Management, Maintenance and Operation of
Pump Supplied Irrigation Resources Projects. Research Technical Completion Report.
University of ldaho, Idaho Water Resources Research Institute, Moscow D,

Freeman, G., C.E. Brockway, and R.G. Allen. 1983. Management and Systems for Water and
Energy Savings, Bruneau Proj, Idaho. Research Technical Completion Report. University of
Idaho, ldaho Water Resources Research Institute, Moscow, |D.

Allen, R.G., C.E. Brockway, and J.L Wright. 1983. Weather Station Siting and Consumptive Use
Estimates. Journal of the Water Resources Planing and Management Division, American
Society of Civil Engineers.

Allen, R.G. and C.E. Brockway. 1983. Estimating Consumptive lrrigation Requirements for
Crops in Idaho. Research Technical Completion Report. University of Idaho, Idaho Water
Resources Research Institute, Moscow, ID.

Allen, R.G. and C.E. Brockway. 1983. Weather and Consumptive Use in the Bear River Basin,
L~
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Idaho During 1982. Research Technical Completion Report. University of Idaho, Idaho Water
Resources Research Institute, Moscow, ID.

Allen. R.G. and cb31983. Operation and Maintenance Costs and Water Use by Idaho Irrigation
Projects. Proceedings of the 1983 Specialty Conference, Irrigation and Drainage Division,
American Society of Civil Engineers, Jackson Hole, Wyoming.

Allen, R.G. and C.E. Brockway. 1983. Estimating Consumptive Use on a Statewide Basis.
Proceedings of the 1983 Specialty Conference, Irrigation and Drainage Division, American
Society of Civil Engineers, Jackson Hole, Wyoming.

Johnson. G.S. and C.E. Brockway. 1983. Users Manual for University of Idaho Ground-Water
Flow Model and Recharge Program. Completion Report. University of Idaho, Idaho Water
Resources Research Institute, Moscow, ID.

Johnson, G.S., C.E. Brockway, and S.P. Luttrell. 1984. Application of a numerical Ground-Water
Flow Model to the Mud Lake Area in Southeastern ldaho. Completion Report. University of
Idaho, Idaho Water Resources Research Institute, Moscow, ID.

Johnson, G.S., C.E. Brockway, and S. Ramseyer. 1984. Water Resource References for the
Snake River Basin above Swan Falls. University of Idaho, [daho Water Resources Research
Institute, Moscow, 1D,

Luttrell, S.P. and C.E. Brockway. 1984. Impacts of Individual On-Site Sewage Disposal Facilities
on Mountain Valleys — Phase |l - Water-Quality Considerations. University of Idaho, ldaho
Water Resources Research Institute, Moscow, ID.

Robison, C.W., C.E. Brockway, C.W. Robbins, and G.S. Johnson. 1984. Evaluation of Irrigation
Management Procedures for Geothermal Effluent. Completion Report, university of Idaho, Idaho
Water Resources Research Institute, Moscow, ID.

Fitzsimmons, D.W. and C.E. Brockway. 1984. Irrigation Systems Management Research
Design. Final Report submitted to USAID/Pakistan under Contract No. 391-0467-C-00-4028
prepared by Research Definition Team in Cooperation with Washington State University and
Development Alternatives, Inc. University of Idaho, Moscow, |1D. 354 p.

Johnson, G.S., C.E. Brockway, J.L. Wright, and A L. Coiner. 1984. Remote Sensing for lrrigated
Crop Water Use Phase |. Technical Completion Report, ldaho Water Resources Research
institute, submitted to NASA-Ames Research Center.

Johnson, G.S., C.E. Brockway, and A.L. Coiner. 1983. Evaluation of Methods for Estimation of
Aquifer Recharge from Precipitation on Semi Arid Lands. Research Technical Completion
Report. University of Idaho, Idaho Water Resources Research Institute, Moscow, 1D.

Brockway, C.E. and G.S. Johnson. 1985. Calibration of the Snake Plain Aquifer Ground-Water
Flow Model. Research Technical Completion Report. University of ldaho, [daho Water
Resources Research Institute, Moscow, |1D.

Johnson, G.S., C.E. Brockway, and S.P. Luttrell. 1985. Ground-Water Model! Calibration for the
Henry's Fork Recharge Area. Research Technical Completion Report. University of |daho,
Idaho Water Resources Research institute, Moscow, ID.

Brockway, C.E. 1986. Remote Sensing for Crop Water use. Presented at Idaho Potato School
January 29, 1986, Pocatello, ldaho.
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Robinson, C.W. and C.E. Brockway. 1986. Modeling Erosion and Sedimentation in Irrigation.
Presented at ASCE Water Forum '86. At Long Beach CA, August 1986.

Brockway, C.E. 1987. Swan Falls Data and Research Program Status Report by Idaho
Technical Committee on Hydrology. University of Idaho, ldaho Water Resources Research
Institute, Moscow, ID.

Brockway, C.E. and C.W. Robinson. 1987. Evaluation of Closed Conduit Measuring Devices for
irrigation Diversions. Research Technical Completion Report, University of Idaho, |daho Water
Resources Research Institute, Moscow, ID.

Brockway, C.E. and C.W. Robinson. 1987. Pump System Evaluation Using Microprocessor-
Based Monitors. American Society of Agricultural Engineers, Paper No. 87-3502. Presented at
the ASAE International Winter meeting December 15-18, 1987, Chicago, IL, December 1987.

Brockway, C.E. 1987. Report on “Evaluation of the Idaho-USGS Cooperative Water data
Collection Program:. A Report to Ken Dunn, Director of the Idaho Department of Water
Resources from the idaho Technical Committee on Hydrology.

Hill, R.W., C.E. Brockway, et al. 1987. Duty of Water under Bear Rive Compact: Field
Verification of Empirical Methods. Summer 1987 Progress Report o the Bear River Commission.

Robinson, C.W. and C.E. Brockway. 1987. Demonstration of Monitors for Pumping Stations.
Research Technical Completion Report for the Idaho Department of Water Resources, Contract
No. DWR-86-03-21-704-37. University of 1daho, ldaho Water Resources Research instifute,

Moscow, ID.

France, K.E. and C.E. Brockway. 1987. Flow Measurement using Ramped Broad Crested
Weirs. Research Technical Completion Report. University of Idaho, Idaho Water Resources
Research Institute, Moscow, ID.

Robinson, C.W. and C.E. Brockway. 1987. Demonstration of Monitors for Pumping Stations.
Research Technical Completion Report, Contract No. DWR-86-03-21-704-37. University of
ldaho, Idaho Water Resources Research Institute, Moscow, ID.

Brockway, C.E. and C.W. Robinson. 1988. Development and Demonstration of Pump Station
and Surface Diversion Monitor Systems for Water and Energy Efficiency Improvements.
Research Technical Completion Report. University of Idaho, Idaho Water Resources Research

Institute, Moscow, 1D,

Brockway, C.E. and C.W. Robinson. 1988. Water Resources Data and Management Model for
Beaver Creek, Camas Creek and Mud Lake Area of Eastern idaho. University of Idaho, Idaho
Water Resources Research Institute, Moscow, ID.

Hill, R.W., C.E. Brockway, R.D. Burman, L .N. Allen, and C.W. Robinson. 1989. Field Verification
of Empirical Methods for Estimating Depletion; Research Report 125; Utah Agricultural
Experiments Station, Logan, Utah, Two Volumes.

Brockway, C.E. 1989. Mud Lake Standing Operating Procedures. Draft Operating Procedures
Manual for Mud Lake Water Users and Water District 31.

Robinson, C.W., C.E. Brockway, T. Gray, and T. Henschield. 1990. Irrigation Water Allocation
System for Bell Rapids Mutual Irrigation Company.

Brockway, C.E., C.W, B,ob'i_nson and J.S. Kolar. 1991. Municipal Pump Monitor Demonstration
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Project. Final Report to the Idaho Department of Water Resources. University of ldaho, Idaho
Water Resources Research Institute, Moscow, 1D.

Hamilton, B. and C.E. Brockway. 1991. Effects of Non-Continuous Turnout Operation on the
Aberdeen-Springfield Canal System. Research Technical Completion Report. University of
Idaho, Idaho Water Resources Research Institute, Moscow, ID.

Sandoval, V.B. and C.E. Brockway. 1991. Ground-Water Investigations for the Fremont-
Madison Irrigation District, Southeastern Idaho. Research Technical Completion Report.
University of Idaho, Idaho Water Resources Research Institute, Moscow, 1D.

Sandoval, V.B. and C.E. Brockway. 1992. Water Rights Accounting on the Upper Snake River,
Water District 01, Southeastern |daho. Research Technical Completion Report. University of
Idaho, [daho Water Resources Research Institute, Moscow, ID. In press.

Brockway, C.E. and C.W. Robinson. 1992. Middle Snake River Water Quality Study, Phase
Final. Technicat Completion Report Submitted to Idaho Department of Health and Welfare,
Division of Environmental Quality. University of Idaho, Idaho Water Resources Research

Institute, Moscow, ID.

Brockway, C.E., C.W. Robinson, G.S. Johnson. 1992. Evaluation of Water Quality in Shallow
Ground-Water Systems. Final Report to the Diversion of Environmental Quality, Contract No.
82-600945. University of Idaho, Idaho Water Resources Research Institute, Moscow, D.

Robison, C.W. and C.E. Brockway. 1991. Operations Manuat for Electronic Pumping System
Monitors. Research Technical Completion Report. University of Idaho, Idaho Water Resources
Research Institute, Moscow. ID.

Robison, C.W. and C.E. Brockway. 1992. “Thinking about Post-Project Evaluation START
NOW!” in: Proceedings of the National RCWP Symposium - 10 Years of Controliing Agricultural
Nonpoint Source Pollution: the RCWP Experience. Orlando, Florida. September 13-17, 1992.
US-EPA Office of Research and Development Office of Water, Washington DC. EPA/625/R-
92/006.

Brockway, C.E., H. Neibling, C.W. Robinson, S.J. Trundy, and A. Wetzstein. 1992. Water
Quality Project, Twin Falls and North Side Canal Companies First Quarterly Report, June 1-
September 30,1992.

Brockway, C.E., H. Neibling, C.W. Robinson, S.J. Trundy, A. Wetzstein, and J.F. Hansen. 1992.
Water Quality Project, Twin Falls and North Side Canal Companies Second Quarterly Report,
October 1 through December 31, 1992.

Brockway, C.E. and C.W. Robinson. 1992. Middle Snake River Water Quality for Snake River at
Star Falls. Submitted to B and C Energy. University of ldaho, Idaho Water Resources Research

Institute, Moscow, 1D.

Brockway C.E. and C.W. Robison. 1992. Middle Snake River Water Quality for Kanaka and
Boulder Rapids. Submitted to L.B. Industries. University of Idaho, Idaho Water Resources
Research institute, Moscow, ID.

Brockway, C.E., H. Beibling, and C.W. Robison. 1993. Water Quality Project, Twin Falls and
North Side Canal Companies Third and Fourth Quarterly Report, January 1, 1993 to June 60,
1993.

Brockway, C.E. et al. 1993. Proposed Nutrient Management Plan for Middle Snake Irrigated
bAlre
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Agriculture. Submitted to ldaho Department of Health and Welfare Division of Environmental
Quality by the Mid Snake Irrigation Water Quality Coordination Committee.

Carter, D.L., C.E. Brockway, and K.K. Tanji. 1994. Controlling Erosion and Sediment Loss from
Furrow-lrrigated Cropland. Journal of Irrigation and Drainage Engineering, American Society of
Civil Engineers. 119(6):975-988.

Brockway, C.E. and A. Kahlown. 1994. Big Wood River-Silver Creek Hydrology Study. Quarterly
Reports.

Brockway, C.E. and A. Kahlown. 1994. Hydrologic Evaluation of the Big Wood River and Silver

Creek Watersheds. Phase |. Final Report. University of Idaho, Idaho Water Resources
Research Institute, Moscow, |D.
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Agriculture. Submitted to Idaho Department of Health and Welfare Division of Environmental
Quality by the Mid Snake Irrigation Water Quality Coordination Committee.

Carter, D.L., C.E. Brockway, and K.K. Tanji. 1994, Controlling Erosion and Sediment Loss from
Furrow-Irrigated Cropland. Journal of lrrigation and Drainage Engineering, American Society of
Civil Engineers. 119(6):975-988.

Brockway, C.E. and A. Kahlown. 1994. Big Wood River-Silver Creek Hydrotogy Study. Quarterly
Reports.

Brockway, C.E. and A. Kahiown. 19894, Hydrologic Evaluation of the Big Wood River and Silver
Creek Watersheds. Phase |. Final Report. University of Idaho, ldaho Water Resources
Research institute, Moscow, ID.
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State of .uaho
DEPARTMENT OF WATER RESOURCES

1341 Fillmore Street, Suite 200, Twin Falls ID 83301-3380
Phone: (208) 736-3033 FAX: (208) 736-3037
SOUTHERN REGION DIRK KEMPTHORNE
Governor

KARL J. DREHER
Director

January 15, 2003

ATTN Kathy

MINIDOKA RANGER DISTRICT BLDG
3650 SOUTH OVERLAND AVE
BURLEY ID 83318

Dear Kathy:

The purpose of this letter is to confirm our reservation of the Conference Room for a
meeting to be held by this office on Tuesday - March 4, 2003 from 9:00 a.m. - 5:00 p.m.

If you have any questions please feel free to contact me or Allen Merritt, Southermn Regional
Office Manager.

Thank you very much for your assistance in this matter.
Very truly yours,

Mary Baldwin
Administrative Assistant



DON E PICKETT
ATTORNEY AT LAW
1659 § 600 W
OAKLEY. IDAHO 83346

RECEIVED

JAN 09 2093
dw“"”ﬂoum‘
Don F. Pickett, ISB# 3422 R
1659 South 600 West / /ﬁ Mo
Oakley, Idaho 83346 /
Telephone (208) 862-3327 ! e
Facsimile: (208) 862-3651 e e .
/‘ W I H ,p £+ !
Attorney for Applicant q 38 g-1¢
o
1
STATE OF IDAHO
DEPARTMENT OF WATER RESOURCES
%
—

In Re:
OAKLEY IDAHO STAKE OF THE Identification No. 45-13430

CHURCH OF JESUS CHRIST OF

LATTER-DAY SAINTS,
APPLICANT’S NOTICE OF DATES

AVAILABLE FOR HEARING
Applicant

Vs,

BILL A. POULTON, DWAYNE B.
HARRISON and SHARON K.
HARRISON, husband and wife, and
LAMBERT PRODUCE, INC.

*

*

NOTICE 1S HEREBRY GIVEN that the applicant in the above matter will be available for
hearing from March 3 through March 10. 2003, or at any time during the month of April. 2003.

Applicant will not be available from March 11 through March 31, 2003,

NOTICE OF DATES AVAILABLE FOR HEARING - 1

M’CRO;;:,-L MED

T2y 2003




DON F. PICKETT
ATTORNEY AT LAW
1659 § 600 W
OAKLEY, IDAHO 83346

DATED This 7th day of January, 2003.

Lw L Ly

Don F. Pickett

CERTIFICATE OF MAILING

I hereby certify that on the 8th day of January, 2003, I served a copy of the
foregoing APPLICANT’S NOTICE OF DATES AVAILABLE FOR HEARING upon the

following:

Bill A. Poulton
977 South 150 East
Burley, Idaho 83318

Dwayne B. Harrison and Sharon K. Harrison
972 South 150 East
Burley, Idaho 83318

STEPHAN, KVANVIG, STONE & TRAINOR
Laird B. Stone, Esq.

P.O. Box 83

Twin Falls, Idaho 83303-0083

by depositing a copy thereof in the United States mail, postage prepaid, in an envelope addressed
to the above named persons at the above addresses, their last known address.

Ry

Don F. Pickett

NOTICE OF DATES AVAILABLE FOR HEARING - 2




Page 1 12/26/2002
IDAHO DEPARTMENT OF WATER RESOURCES

Water Right Report 45-4202
WATER RIGHT NUMBER: 45-4202
Owner Type Name and Address
Original Owner CHURCH OF JESUS CHRIST OF THE LATTER DAY SAINTS
OAKLEY STAKE
PO BOX 93
QAKLEY, ID 83346
Current Owner CHURCH OF JESUS CHRIST OF THE LATTER DAY SAINTS

REAL ESTATE DIVISION
TWELFTH FLOOR

50 EN TEMPLE 5T

SALT LAKE CITY, UT 84150-0012
(801) 240-3840

Priority Date:  07/01/1968

Basis: Decreed
Status: Active
Source Tributary
SPRING SINKS
Beneficial Use From To Diversion Rate Annual Volume
DOMESTIC 5/01 to 9/30 0.020 CFS
Total Diversion: 0.020 CFS
Location of Point(s) of Diversion
SPRING SE1/4SE1/4 Sec. 36, Twp 125, Rge 23E, B.M.
CASSIA County
Place of Use
DOMESTIC
Twp Rge Sec | NE | NW | SW | SE |
{SW| SE | NE [NW|SW | SE | NE | NW ] SW | SE | NE | NW ] SW | SE | Totals
128 23E 36 | | [ x|
I |

———
&
—
|Z

Conditions of Approval:
1. NOE THE QUANTITY OF WATER UNDER THIS RIGHT SHALL NOT EXCEED 2,500 GALLONS PER DAY.

2 N11 THE QUANTITY OF WATER DECREED FOR THIS WATER RIGHT IS NOT A DETERMINATION OF
HISTORICAL BENEFICIAL USE.

Remarks:
1. Explanatory PARCEL NO. 12523E360000 PROPERTY ALSO KNOWN AS QAKLEY VALLEY FARM



Page 2 12/26/2002

IDAHC DEPARTMENT OF WATER RESCURCES
Water Right Report 45-4202

Comments:

1. DSMITH  3/29/1995 DATA ENTRY
Comment: CONFORMED CHURCH ADDRESS, DMS

Dates and Other Information;

Licensed Date:

Decreed Date: 7124/1998

Water Supply Bank Enrollment Accepted:
Water Supply Bank Enroliment Removed:
Enlargement Use Priority Date:
Enlargement Statute Priority Date:

State or Federal: S

Owner Name Connector:  OR

Water District Number:

Generic Max Rate Per Acre:

Generic Max Volume Per Acre;

Decree Defendant:

Decree Plaintiff:

Civil Case Number:

Judicial District:

Swan Falls Trust or Nontrust:

Swan Falls Dismissed:

DLE Act Number:

Carey Act Number:

Mitigation Plan: False

Element Reviewed/Verified Dates:
Element Last Reviewed Date Reviewer Last Verified Date  Verifier Status

Verification Log:
Element Date Time Stamp Reviewer Log text



Merritt, Allen

From: Saxton, Glen

Sent: Friday, January 03, 2003 2:28 PM
To: Merritt, Allen

Subject: RE: T70145 potential hearing

Yes, the dates are still available. My notes show the potential dates as follows:

N, 2
Mafcl'(_;‘;uﬁ-“ - [ // fro o 14
March11.-13 . . | (

' March 18 - 20, 2003 igs PR
o e LT
----- Original Message-----
From: Merritt, Allen
Sent: Friday, January 03, 2003 2:17 PM
To: Saxton, Glen

Subject: T70145 potential hearing
| conducted a conference today. << File: T70145 prehearing conf memo.RTF >>
Are the dates in March you provided the other day still available?

The attorneys for application 45-13430 have not yet sent me their dates so | haven't been able to set that one yet.
(That one has a good chance of settling...the one above probably will not settle)



RE: Application for Permit No. 45-13430 (Oakley ID Stake, Church of Jesus Christ of Latter Day Saints)
PLACE: Meeting Rm #3, Cassia County Courthouse, 1459 Overland Avenue; Burley ID
DATE: 1:00 p.m., Friday - December 27, 2002

CONFERENCE OFFICER: Allen D. Merritt

ASSISTED BY:
ROSTER OF ATTENDANCE
F  NAME ADDRESS REPRESENTING
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BEFORE THE DEPARTMENT OF WATER RESOURCES OF THE
STATE OF IDAHO

IN THE MATTER OF APPLICATION
FOR PERMIT NO. 45-13430 NOTICE OF
PRE-HEARING CONFERENCE
Oakley Stake, Church of Jesus Christ of Latter Day
Saints,

Applicant

SOURCE: groundwater

Dwayne & Sharon Harrison, Bill Poulton,
Protestants

Double C Farms, COUNTY: Cassia

Intervenor

— S S St S Voma o o Mot W S’ at? e’ Som”

On January 24, 2002 Oakley ID Stake, Church of Jesus Christ of Latter Day Saints (applicant) filed with the
Department of Water Resources an application to appropriate the public waters of the State of Idaho. The
Department has received protests against the approval of said application from the above captioned
protestants. In addition, a Petition to Intervene was received on April 9, 2002 on behalf of Lambert Produce,
Inc. An Order Granting the Petition to Intervene was issued on April 24, 2002.

The Department has set the matter of protest for conference on Friday-December 27, 2002 commencing
at 1:00 p.m. in Meeting Room #3, Cassia County Courthouse, 1459 Overland Avenue; Burley ID.

The purpose of the conference is to formulate and simplify the issues, obtain admissions of fact and of
documents which will avoid unnecessary proof, arrange for the exchange of proposed exhibits or prepared
expert testimony prior to the hearing, limit the number of witnesses, consolidate the examination of
witnesses, and advise the parties of the procedure which will be followed at any subsequent hearing.

The conference will be held in accordance with Chapter 2, Title 42, of the Idaho Code and the adopted Rules
of Practice and Procedure of the Department of Water Resources.

The conference will be conducted in a facility which meets the accessibility requirements of the Americans
with Disabilities Act. If you require special accommodations in order to attend, participate in or understand
the conference, please advise the department within (10) days prior to the conference.

)

A/ D. Merritt, P.E.
Regional Manager

Dated this 4th day of December, 2002.

MICART il

BEASAR)



CERTIFICATE OF MAILING

Protested Application No. 45-13430 (LDS Church-Oakley Stake)

| hereby certify that on the 4" day of December, 2002 a true and correct copy of the foregoing Notice of Pre-
Hearing Conference was forwarded with all required charges prepared, by Regular U.S. Mail to the parties

listed:

- /7 _ R

Secretary

W. GARY WHITELEY PRES
{ DS CHURCH - OAKLEY STAKE
340 W MAIN ST

OAKLEY ID 83346

DON F. PICKETT ESQ “~
1659 S 600 W
OAKLEY ID 83346

DWAYNE B. & SHARON K. HARRISON ~~

9725150 E
BURLEY {D 83318

BILL POULTON -
977 S150 E
BURLEY ID 83318

DOUBLE C FARMS

C/O CORY KING “
203 E 11008
BURLEY ID 83318
L
LAIRD B. STONE
STEPHAN KVANVIG STONE & TRAINOR
PO BOX 83

TWIN FALLS ID 83303-0083

M*Ch"a'. ) u.;\'-

L

b A T L |
T » .:'_‘!-‘| W



State of Iaaho
DEPARTMENT OF WATER RESOURCES

1341 Fillmore Street, Suite 200, Twin Falls ID 83301-3380
Phone: (208) 736-3033 FAX: (208) 736-3037

SOUTHERN REGION DIRK KEMPTHORNE
Governor

KARL J. DREHER
Director

i - B /@)%

ATTN Randi

CASSIA COUNTY COURTHOUSE

1459 OVERLAND AVE

BURLEY ID 83318

Dear Randi:

This is a follow-up to our telephone conversation of this date to confirm the reservation of
the Commissioners Room for a meeting to be held by this office on Friday -

-from 1:00 - 5:00 p.m.

If you have any questions please feel free to contact me or Allen Merritt, Southern Regional
Office Manager.

Thank you very much for your assistance in this matter.

Very truly yours,

P2)ry Moaliderin

Mary Baldwin
Administrative Assistant

MICRG - iLivi o



Don F. Pickett

ATTORNEY AT LAW
1659 SOUTH 600 WEST
E-MAIL: donfp@pmtorg OAKLEY, IDAHO 83348 TELERHONE
(2OB) B882-3377

FAX NO.
{(208) ee2-365!

November 9, 2001

VIA FACSIMILE: (208) 736-3037

Mr. Allen Merritt, P.E. | REcg,,
Southern Region Manager | Noy Ep
Idaho Department of Watet Resources Depe Iz 200
1341 Fillmore Street, Suite 200 MMent or Water

Twin Falls, Jdaho ~83301-3380 S0t R0

RE: PROTESTED APPLICATION FOR PERMIT NO. 45-13430
OAKLEY IDAHO STAKE '

Dear Mr. Merritt:

In your letter dated October 31, 2002, you enclosed two calendar pages for November and
December with a request that ] indicate available dates for a pre-hearing conference.

Please be advised that leaders from Oakley Idaho Stake with negotiation authority and
will make ourselves available on any date in November or December that can be arranged with
the protestants. It would be helpfil to me if you could provide at least three days notice, and I
believe that with three days advance notice I can work around any date that you can schedule.

Very truly yours,

/ /;z;{ ).Qaéﬁ’

Don F. Pickett

DFP/



STEPHAN, KVANVIG, STONE & TRAINOR

ATTORNEYS AT LAW

ROBERT W. STEPHAN 1946-1992 WELLS FARG(O BANK BUILDING
RETIRED 102 MAIN AVENUE SOUTH
—— POST OFFICE BOX 83
RUSSELL G. KVANVIG TWINTALLS, IDAHO 83303-0083

LAIRI> B. STONE
KEVIN F. TRAINOR

November 5, 2002

Allen D. Merritt

Southern Region Manager
Dept. of Water Resources
1341 Fiilimore St., Ste. 200
Twin Falls, [} 83301-3380

Re:  Protested Application for Permit No. 45-13430

Dear Allen:

My available dates for the months of November and December are:

November 21, 22, 27, 2002
December 3, 6, 13, 20, 26, 31, 2002

FRANK L. STEPHAN 18§86-1952
DANIEL A. SLAVIN 1938-1987

TELEPHONE 208/733-2722
FAX 208/733-3619

RECEIve
NOV 0.6 ope

D
opartment of Water Besoure.
£ am Hanior

1 would also request in your mailing matrix to correct our partnership name to Stephan, Kvanvig,
Stone & Trainor deleting the name "Greenwood". Mr. Greenwood has not been involved with this

firm for a number of years.

Respectfully yours,

STEPHAN, KVANVIG, STONE & TRAINOR

Laird B. Stone

LBS:Im
cC: Cory King

MIC AL,



State of 1ldaho
DEPARTMENT OF WATER RESOURCES

1341 Fillmore Street, Suite 200, Twin Falls ID 83301-3380
Phone: (208) 736-3033 FAX: (208) 736-3037

SOUTHERN REGION DIRK KEMPTHORNE
Govemor

KARIL J. DREHER
Director

October 31, 2002

DON F. PICKETT ESQ
1659 S 600 W
OAKLEY ID 83346

RE: Protested Application for Permit No. 45-13430 filed in the name of Oakley Stake, Church of
Jesus Christ of Latter Day Saints

Dear Mr. Pickett:

This office acknowledges the Notice of Appearance you filed recently on behalf of the applicants
in the above referenced protested matter before the Department.

Please note that the application is considered a contested case and subject to the Rules of
Procedure adopted by the Department. If you need a copy of these rules, please contact this office.
The Rules of Procedure are also available on the Intemet by using the IDWR Homepage at the
following electronic address: http://www.idwr state.id.us/apa/idapa37/0101.htm

The attachment to this letter describes the issues which the Department must consider in taking
action on an application. It also gives a brief description of the conference and hearing procedure
followed by the Department in resolving protested applications.

This office is tentatively scheduling the matter of protest for a pre-hearing conference per your
request in the correspondence received by the Department on October 3, 2002.

Enclosed are calendar pages for October and November. Please indicates the dates you are
available for a conference and return the calendars to us at your earliest convenience. Calendars
have also been sent to all other parties for their preferred dates.

Please contact this office if you have any questions regarding this procedure.

Very truly yours,

L H b

Allen D. Merritt, P.E.
Southern Region Manager

AM:MB
Enclosures PR
cc: All parties MIL e

RN



CERTIFICATE OF MAILING

Protested Application No. 45-13430 (L.DS Church-Oakley Stake)

| hereby certify that on the 1* day of November, 2002 a true and correct copy of the Certificate of Mailing
was forwarded with all required charges prepared, by Regular U.S. Mail to the parties listed:

/-%ti ?/ﬁf;fr 5 & /fi/(/z.«;“")

Secretary

W. GARY WHITELEY PRES BILL POULTON
LDS CHURCH - OAKLEY STAKE 977 S150E
340 W MAIN ST BURLEY ID 83318
OAKLEY ID 83346

DOUBLE C FARMS

C/O CORY KING
DON F. PICKETT ESQ 203E 1100 S
1659 S 600 W BURLEY ID 83318

OAKLEY ID 83346

LAIRD B. STONE
STEPHAN KVANVIG GREENWOOD

DWAYNE B. & SHARON K. HARRISON STONE & TRAINOR

972 S150E PO BOX 83

BURLEY ID 83318 TWIN FALLS ID 83303-0083
MICA

At



Don F. Pickett

ATTORNEY AT LAW
1659 SOUTH 800 WEST
E-MalL: donfp@pmtorg OAKLEY, IDAHO 83346 TELEPHONE
(208) 862-3327

FAX NO.
October 29, 2002 (208) 862-365 |
Allen D. Merritt, P.E.
Regional Manager, Southern Region OCT 31 2007
Idaho Department of Water Resources Demm"’"‘dWatem
1341 Fillmore Street, Suite 200 Sthom Regipy 1%

Twin Falls, Idaho 83301-3380

RE: APPLICATION FOR WATER RIGHT NUMBER 45-13430

Dear Mr. Merritt:

Enclosed please find my NOTICE OF APPEARANCE as counsel for the applicant,
Qakley Idaho Stake of the Church of Jesus Christ of Latter-day Saints, in the above-referenced
case.

The applicant requests that a pre-hearing conference be scheduled for the purpose of
enabling the parties and the department to familiarize themselves with the issues and to attempt
to resolve the matter before a hearing is scheduled. The applicant will attempt to meet during
any regular business day in the month of November or, if necessary, December. A conference
room is available at the Oakley Stake Center, 301 North Center, Oakley, Idaho if this location is
acceptable to you and the other parties.

Very truly yours,

7

Don F. Pickett
Attorney for Applicant

DFP/

?-a&‘!:cﬁ\-" ot
. . ,:,{.\\rv:-?( \
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RECEIVEL
Don F. Pickett EL

1659 South 600 West OCT 31 2000
Oakley, Idaho 83346 D X

? epartment of
Idaho State Bar # 3422 Soutrom Fogiar "

Telephone: (208) 862-3327
Facsimile: (208) 862-3651
Attorney for Applicant

STATE OF IDAHO
DEPARTMENT OF WATER RESOURCES

In Re:

OAKLEY IDAHO STAKE OF THE
CHURCH OF JESUS CHRIST OF
LATTER-DAY SAINTS, Identification No. 45-13430

Applicant

Vs. NOTICE OF APPEARANCE

BILL POULTON, DWAYNE B. HARRISON
and SHARON K. HARRISON, husband and
wife, and LAMBERT PRODUCE, INC.,

Protestants.

NOTICE IS HEREBY GIVEN that Don F. Pickett, Attorney at Law, appears as
counsel for the applicant, Oakley ldaho Stake, Church of Jesus Christ of Latter-day

Saints, in the captioned case.
DATED This 29th day of October, 2002.

DON F PICKETT
ATTORNEY AT LAW
1659 § 600 W
OAKLEY, IDAHO 83346

NOTICE OF APPEARANCE - Page 1




DON F. PICKETT
ATTORNEY AT LAW
1659 S 600 W
OAKLEY, IDAHO 83346

Don F. Pickett
Attorney for Applicant
1659 South 600 West

Oakley, Idaho 83346

CERTIFICATE OF MAILING

I hereby certify that on the 29th day of October, 2002, I served a copy of the
foregoing NOTICE OF SERVICE upon the following:

Bill A. Poulton
977 South 150 East
Burley, Idaho 83318

Dwayne B. Harrison and Sharon K. Harrison
972 South 150 East
Burley, Idaho 83318

STEPHAN, KVANVIG, STONE & TRAINOR
Laird B. Stone, Esq.

P.O. Box 83

Twin Falls, Idaho  83303-0083

by depositing a copy thereof in the United States mail, postage prepaid, in an envelope
addressed to the above named persons at the above addresses, their last known address.

/Ry

Don F. Pickett

Attorney for Applicant
ML 1659 South 600 West
a0y Oakley, Idaho 83346

NOTICE OF APPEARANCE - Page 2




Water Resources

CHARLES E.
Brockway,
Pu.D., P.E.

- HARLES G.
Brockway,

PuD,PE. .

2016 NortH
W ASHINGTON

STREET * SUTE4 |

Twin Falls,
Ipano B3301

2087368543

Fax: 73648506

July 11, 2002

President W. Gary Whiteley

Oakley Idaho Stake

Church of Jesus Christ of Latter Day Saints
P.O. Box 211

‘Oakley, ID 83346

Subject: Water Supply for Church Ranch-Oakley Stake LDS Church

Dear President Whiteley:

As per you request, 1 have evatuated the water requirements for the proposed
Church Ranch development and evaluated the potential hydrologic impact of
development of a ground water supply for the facility.

I made a site visit on May 24, 2002 at which time the plan for additional
development, potential well site, and use of the facility were reviewed with
Stake officials and yourself. In addition, the spring diversion and pipeline
diverting under water right 45- 4202 was reviewed.

My understanding is that the proposed facility would include the copstruction
of shower facilities north of Willow Creek and upgrade of the cabin to include
a new kitchen and sleeping and community roorn and bathroom facilities. A
proposed well site north of Willow Creek was also reviewed.

The application for permit 47-13430 which was filed by the Oakley Idaho
Stake, Church of Jesus Christ of Latter Day Saints requests diversion of 0.02
¢fs of groundwater for domestic purposes including services for a kitchen,
shower and restroom facilities and potable supply for camping areas. No
annual volume is requested on the application; however, under the criteria for
a domestic use, organizational camps similar to this proposed facility would
likely be included. Qur experience with water permits for camping areas;
such as the Boy Scouts of America camp at Camp Bradley indicate that the
13,000 gpd (A part of 1.C.§ 42-111 ) would apply.

A water requiremert analysis utilizing guwidelines provided by IDWR for
various types of facilities was performed based on occupancy data, which you
provided. Iassumed that the average hourly stay was 12 hours. Your data
indicated that the average daily attendance during the camping season was
approximately 51 persons per day with no attendance on Sunday. IDWR
guidelines indicate that the average per person water use per day is
approximately 30 gallons per day (gpd) for a facitity with a kitchen, showers
and potable water requirement. This equates to approximately 1,543 gallons
per day water requirement on an average day. A reasonable expectation for a
maximum day usage would be approximately double the average day or 3,086
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gﬁllons per day. Based on a 120 day aperating season the average annual
water volume usage would be 0.568 acre feet per year.

Average daily discharge based on 1543 gpd for 24 hours for the facility is
approximately 1.1 gallons per minute. Assuming that there are ¢i ight (8)
shower stalls, 8 latrines, and kitchen facilities operating during the peak
miorning hours, the estimated maxinram discharge for the system would be
less than 50 gpm.

A well to replace the current spring water supply would hkcly be located on
land north of Willow Creek. As I indicated in our site visit, in order to be
exempt from the GWUI (Ground Water Under the Influence of Surface
Water) rule under the Clean Water Act, the location of the well will have to be
5Q0 feet or greater from the stream. I believe a well site meeting these criteria
¢4n be found on the property north of Willow Creek. This water system will
be classified as transient, non-community public water system according to
'DEQ personnel (Brian Reed DEQ, Twin Falls) and will be under the

jurisdiction of the South Central Health District (SCHD). This classification
requxres a dedicated 50 £ minimum radius lot and setbacks of 100 feet from
any septm tank/drain field system. The well will have to have an approved
engineering design with minimum 50 fi cased smutary surface seal. There is
little geologic data for the area and no drifler’s logs in the immediate vicinity
to define the expected litho logy or strata, which may be encountered during
drilling of the well. However, I am reasonably confident that a well with
adequate discharge capacity can be developed. If not, a stall reservoir to
provide peak flows would be required. Chlorination of the well water supply
is not currently required unless sampling indicates a contamination problem.
However, if the Ground Water Rule (EPA) changes in the future, this could
become a requirement. I would recommend that consideration be given in the
design of the weil and pump house to provide space for future chlorination if
needed.

Willow Creek is a deeply incised stream, which flows at or near the hedrock
surface in the vicinity of the Church Ranch. No datz on the relationship of the
stream water level with adjacent aquifer water levels is available. However;
based on the relative gradient of the stream and the topography adjacent to the
stream, any ground water pumped from deeper strata and not consumptively
used will return to Willow Creek. Therefore, the net depletion from the total
resource is equal to the consumptive use of the facility, Published data
indicate that the consnmptive use from in-house use of potable water systems
is less than 10 percent of the diverted volume. Most of the water used for
drinking, bathing, and culinary purposes is returned to the system (aquifer or
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stream). Since water from the proposed well will not be used consumptively
for irrigation, it can be expected that the net depletion of the resource from the
proposed project will be minimal.

Based on the steep gradient, shallow alluvium, and incised nature of the
stieam, any water pumped but not consumptively used will return to Willow
Creek within a short distance downstream of the facility. Because the
extraction from the aquifer by the proposed welt will be from deeper strata,
not immediately hydraulically connected to the stream, it is likely that there
will be a net benefit to the flow in Willow Creek during operation of the well,
In other words, water from the well not consumptively used will add to the
flow of Willow Creck while the water extracted from the deeper aguifer will
not influence the stream flow.

Assuming the average daily pumped volume is 1,543 gallons per day, that the
well extraction impacts Willow Creek by 100 percent, and the consumptive
use is 10 percent of the pumped water, the maximum potential impact on
Willow Creek js 15.4 gallons per day.

I am aware of no data, which document the magnitude of flows in Wiliow
Creek, but it is reported to be a perennial stream and water fights on the
stream indicate that the flows can be substantial. In any case, if there is any
negative impact on Willow Creek it will not be measurable. 1t is most likely
that a positive benefit to Willow Creek flow will occur.

A historical and current henefit to the flow in Willow Creek occurs because of
the importation of water from the spring source in the adjacent watershed
under water right 45-4202, these water rights allows 0.02 cfs (9 gpm) with a
daily volume of 2,500 gallons. My understanding is that the pipeline from the
spring to the Church Ranch area has been measured at a minimum of 600
gallons per day and normally flows considerably in excess of this rate. To the
extent this imported spring water is not used consumptively (i.e. itrvigation)
but flows into Willow Creek, the minimum flow will more than mitigate for
any potential impact of the new well on flows in Willow Creek.

In summary, I do not believe there will be any significant impacts to Willow
Creek flows by development of the well as applied for under the application
45-13430. If there is any negative impact on the stream, it is more than offset
by imported spring water under watex right 45-4202. An adequate well fo
supply the anticipated flow and volume should be developable; however the
required well depth cannot be determined. It may be necessary to provide
some storage to provide peak daily flow rates. Adequate land to provide the
required setbacks from the stream and septic tank/drain field facilities appears
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t0 be available. A well site plan and engineered well construction plan will be
required since this system will qualify as a public water system.

I believe this report addresses the topics, which we discussed. However,
please call me if there is additional information needed. Brockway
Engineering can provide engineering services to assist your Church in
developing required plans for the well and system and in negotiating with
agencies as required.

Since:rely,

Charles E. Brockway P.E..PhD.
Enclosures: Water Requirements Worksheets
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LDS Church Oakley Stake- Church Ranch

Estimate of Water Requiraments

Based on IDWR guidelines.
Type of Facility
Picnic (camping) areas

with bathhauses, showers, flush toilets

Resarts, day and night, with limited plumbing

Estimate Church Camp

Avg daily water requirement/person

Average annual use

Avg number of parsons per day
Peak day/average day multiplier
Avg daily water requirement

Avarage daily flow

Peak daily flow(average for 24 hrs)

Estimatéd peak hourly flow reqt

Avg volume reg't daily
weekly
monthiy
annual

Water Right Permit Application
Estimated ' Discharge

Volume

20 gpd/parson
50 gpd/person

30 gpdiperson
120 days
5.4 persons/day
20
1542.9 gal/day
206.3 cu ft/day
0.0047 af/day
1.07 gpm
2.14 gpm
50 gpm
0.0047 affday
0.0331 afiweek
0.1439 affmonth
0.5682 affyear

0.02 cfs
8.98 gpm
13,000 gpd (domestic
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State of I 1ho
DEPARTMENT OF WATER RESOURCES

1341 Fillmore Street, Suite 200, Twin Falls ID 83301-3380
Phone: (208) 736-3033 FAX: (208) 736-3037

SOUTHERN REGION DIRK KEMPTHORNE
Governor

KARL J. DREHER
Director

April 30, 2002

W. GARY WHITELEY PRES

LDS CHURCH — OAKLEY STAKE
PO BOX 211

OAKLEY ID 83346

Re: Change of Address

Dear Mr. Whiteley:

The Department is asking for your help in solving the confusion regarding the correct
mailing address for the Oakley Stake. A recent correspondence to you using the
address provided on the recently filed Application for Permit No. 45-13430 (340 W.
Main Street) has been returned by the U S Postal System with information provided as
PO Box 211.

However, my research on the Department’s database reveals a PO Box 93 address for
the Church with the above referenced Application listed (a copy is enclosed for your
reference.)

Pursuant to a new Departmental policy, all changes of address made to our data system
require a signed Change of Address form on file.

As you are aware, the Application is a protested matter and it is extremely
important that all parties be advised of a correct mailing address as soon as
possible.

Please complete, sign, date and return the enclosed form at your earliest
convenience so that we can update our records. In addition, please give special
attention to the section requesting all applicable water rights.

Thank you in advance for your cooperation.

Sincerely,

Mary A. Baldwin
Administrative Assistant

Enclosure(s) MICH



STATE OF IDAHO

DEPARTMENT OF WATER RESOURCES
1341 Fillmore Street, Suite 200

Twin Falls, Idaho £3301-3380
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Page 1 of 1
Contact Information

Organization Name CHURCH OF JESUS CHRIST OF LATTER DAY SAINTS
Street Address OAKLEY STAKE PO BOX 93

City OAKLEY
State 1D
ZIP 83346

Water Right 45-4163 , AJ Claim 45-4201 , Water Ri
Water Application 45-13430,

Ao R e e

ght 45-4201, AT Claim 45-4202 , Water Right 45-4202 ,

http://wenet/apps/appsMisc/searchContactDetail.asp?ContactID=62031 4/30/2002



Revised CERTIFICATE OF MAILING-Protested Application No. 45-13430 (LDS Church-Oakley Stake}

| herehy certify that on the 26" day of April, 2002 a true and correct copy of the Revised Certificate of Mailing
was forwarded with all required charges prepared, by Regular U.S. Mail to the parties listed:

WKW

Secretary
W. GARY WHITELEY PRES
LDS CHURCH - OAKLEY STAKE DOUBLE C FARMS  ~¢
340 W MAIN ST. C/O CORY KING
OAKLEY ID 83346 203 E1100 8

BURLEY ID 83318

DWAYNE B. & SHARON K. HARRISON

9728150 E LAMBERT PRODUCE INC.
BURLEY ID 83318 C/O LAIRD B. STONE
STEPHAN KVANVIG GREERWOLID
STONE & TRAINOR
Bli.L POULTON PO BOX 83
977S150E TWIN FALLS ID 83303-0083

BURLEY ID 83318
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Page 1 of 1

Contact Information
Organization Name LAMBERTPRODUCEINC— M c W

Street Address C/0 CORY KING 203 E 1100 S

City BURLEY
State D
ZIP 83318

Business Phone (208)678-2668

Water Right 45-4009 , Water Right 45-4013B , Water Right 45-4024 , Water Right 45-4025 | |
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BEFORE THE DEPARTMENT OF WATER RESOURCES
OF THE

STATE OF IDAHO

IN THE MATTER OF PETITION TO
INTERVENE IN THE PROTESTED
APPLICATION FOR PERMIT NO. 45-13430
IN THE NAME OF THE CHURCH OF JESUS
CHRIST OF LATTER DAY SAINTS - OAKLEY
IDAHO STAKE

ORDER GRANTING

PETITION TO INTERVENE

On January 24, 2002 the Church of Jesus Christ of Latter Day Saints — Oakley Idaho Stake (applicant) filed
with the Department of Water Resources (department) an Application for Permit to appropriate the public
waters of the State of Idaho. On April 5, 2002 timely protests raising all issues described in §42-222 against
the approval of the application were received from Bili Poulton, Dwayne B. and Sharon K. Harrison
(Protestants).

On April 9, 2002 Laird B. Stone (attorney) on behalf of Lambert Produce, Inc. (petitioner), submitied to the
department a Petition for an order to intervene in the above described matter as authorized in Rule of
Procedure IDAPA 37.01.01350 (Rule 350) accompanied by a partial list of relevant parties.

On April 15, 2002 Proof of Service by mail showing a complete fist of relevant parties was received from Laird
B. Stone on behalf of Lambert Produce, Inc.

After reviewing said protestants’ original protest, said petitioner's Petition and without record of any objections
to the Petition, it is found that the petitioner has shown sufficient interest in the matter without unduly
broadening the issues,

ORDER

IT IS THEREFORE HEREBY ORDERED that the petition of Lambert Produce, Inc. requesting intervention in
any conference andfor hearing scheduled by the department in connection with the above captioned matter is

GRANTED.

Dated this 24™ day of April, 2002.

I~

Allen Merritt
Hearing Officer

MICRTLMED

BeT 25
Order Granting Intervention — Application for Permit No. 45-13430 Page 1



CERTIFICATE OF MAILING

| hereby certify that on the 24" day of April, 2002 a true and correct copy of the above and foregoing Order
Granting Intervention was forwarded with all required charges prepared, by Regular U.S. Mail to the

parties listed:

A
T s Ll

W. GARY WHITELEY PRES
LDS CHURCH - CAKLEY STAKE
340 W MAIN ST

OAKLEY ID 83346

DWAYNE B. HARRISON &
SHARON K. HARRISON
972S 150 E

BURLEY ID 83318

BILL POULTON
977 S150E
BURLEY ID 83318

Secretary

LAMBERT PRODUCE INC.

C/O CORY KING T
BOXa4A #0327, N
OAKLEY {D83346 - - len. -f‘ bl ‘

LAIRD B. STONE

STEPHAN KVANVIG GREENWOOD
STONE & TRAINOR

PO BOX 83

TWIN FALLS ID 83303-0083

Order Granting Intervention — Application for Permit No. 45-13430 Page 2



STEPHAN, KVANVIG, STONE & TRAINOR
Laird B. Stone
P. 0. Box 83
Twin Falls, Idaho 83303-0083
Telephone: 208-733-2721
Facsimile: 208-733-3619
ISB #2363
Attorney for Petitioner

Lambert Produce, Inc.

10271/P0OSM/1s \WED
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gt
Water Resaue
Oﬂwmgﬁammﬂm

STATE OF IDAHO
DEPARTMENT OF WATER RESOURCES

)
APPLICATION FOR PERMIT ) Ident. No. 45-13430
)
) PROOF OF SERVICE BY MAIL

STATE OF IDAHO )
: S8.

County of Twin Falls )

Laura J. Sherman, being first duly sworn, state that I
served copies of the Petition to Intervene, the Notice of Protest
of Bill A. Poulton and the Notice of Protest of Dwayne B. Harrison
and Sharon K. Harrison upon:

Dwayne B. & Sharon K. Harrison

972 S. 150 E

Burley, ID 83318

Bill Poulton

977 S. 150 E.
Burley, ID 83318

Cory King
gzz@zzg Produce, Inc.rhﬂea c ir0c S
Oakley, ID -83346 SR PR &
MICRT L ¢
AT s T

PROOF OF SERVICE BY MAIL - 1



Gary Whiteley

Stake President of Oakley Idaho State

Church of Jesus Christ of lLatfer
Day Saints
340 W. Main St.

Oakley, ID 83346

by depositing a copy thereof in the United States mail at Twin
Falls, Idaho, on the foﬁ{ day of April, 2002, enclosed in an
envelope addressed to each of the above-named persons at the

addresses set under their names with postage prepaid, by first
class mail.

e e L Pz

“Laura J. Shggﬁﬁn 4

SUBSCRIBED AND SWORN to before me this /5 — day of
April, 2002.

“||llll|..',
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STEPHAN,

ATTORNEYS AT Law

WELLS FARGD BANK BUILDING
102 MAIN AVENUE SOUTH

POST OFFICE BOX 83
TWIN FALLS, I0DAHO B3303-00823

Date _ / Q’;‘

;icitzf c}m/o Djﬂ/’u‘}z U/x/z f"’éd-—'—t)ufe’

Cogt— g m

ROBERT W. STEFHAN 1546-19892
RETIARED

RUSSELL G. KVANVIG

LAIRD B. STONE
KEVIN F. TRAINOR

KYVANVIG, STONE & TRAINOR

FRANK L. STEPHAN 1886-1852
DANIEL A. SLAVIN 1938-1987

TELEPHONE 208-733.2722
FAX 208-733-3618

.. County, 1daho

_ County Recorder

- 44%?%@ Z 7o
& 5| 3YEL

Qur File Number _

RECEMIEﬁ

APR 15 1607

Dapartmant of Waler Resources
Southam Reglon

)< Please file the attached /4/ 'p() »1’ oA Ai’? / %

1 Please issue the attached .

[] Please certify the attached

[] Please present to the Judge for his consideration the attached _.

1 Please record the enclosed

~" Qur firm check is enclosed in the amount of $ . to cover your fee for .

_ Please return to this office

_| Please forward

§Q/\Please return file stamped copies of the documents to this office

_1Qther

s Sincerely yours,

STEPHAN, KVANVIG,

- a/

%ONE & TRAINOR
277



State of . aho
DEPARTMENT OF WATER RESOURCES

1341 Fillmore Street, Suite 200, Twin Falls ID 83301-3380
Phone: (208) 736-3033 FAX: (208) 736-3037
SOUTHERN REGION DIRK KEMPTHORNE
Governor

KARL J. DREHER
Director

April 10, 2002

W. GARY WHITELEY PRES

LDS CHURCH - OAKLEY STAKE
340 W MAIN ST

OAKLEY ID 83346

Application for Permit No. 45-13430

Dear Mr. Whiteley:

Enclosed are copies of protests filed against approval of the above referenced application. The
Department suggests that you contact the protestants directly to determine the nature of the protest and,
if possible, to resolve the matter without action by the Department. In addition, we are enclosing a copy
of a Petition to Intervene, which must meet the criteria of the Department’s Rules of Procedure, IDAPA
37.01.01.302 before consideration by the Department.

In our experience, informai discussion between the parties prior to initiation of formal proceedings often
leads to resolution of the protest. If the protest cannot be resolved informally, the matter will be
scheduled for conference and/or hearing.

The following are criteria the Department must consider in either approving or denying the application
(Section 42-203A, Idaho Code).

1. Will the proposed use reduce the quantity of water under existing water rights?

2. Is the proposed water supply insufficient for the purpose intended?

3. Is the application made in good faith or for delay or speculative purposes?

4. Has the applicant sufficient financial resources with which to complete the project?

5. Will the proposed use conflict with the local public interest?

6. Will the proposed use be cbntrary to the conservation of water resources within the State of Idaho?

Please contact this office if you have any questions regarding this procedure or if you wish to schedule a
conference and/or hearing.

Sincerely,

) Allen D. Merritt, P.E.
MICRL .-" Regional Manager
Enclosures



State of laho
DEPARTMENT OF WATER RESOURCES

1341 Fillmore Street, Suite 200, Twin Falls ID 83301-3380
Phone: (208) 736-3033 FAX: (208) 736-3037
SOUTHERN REGION DIRK KEMPTHORNE
Governor

KARL J. DREHER
Director

April 10, 2002

DWAYNE B. HARRISON &
SHARON K. HARRISON
972S 150 E

BURLEY ID 83318

RE: APPLICATION FOR PERMIT NO. 45-13430 - LDS Church (Oakley Stake)
Dear Protestants:

Your protest against the approval of the above referenced application has been received
and a copy has been sent to the applicant with the suggestion that he contact you directly to
determine the exact nature of the protest and, if possible, to resolve the matter without
action by the Department.

Please note that the application is considered a contested case and subject to the Rules of
Procedure adopted by the Department.

If you need a copy of these rules, please contact this office. The Rules of Procedure are
also available on the Internet by using the IDWR Homepage at the following electronic
address:

hitp:/fwww.idwr state.id.us/apa/idapa37/0101.htm

The attachment to this letter describes the issues which the Department must consider in
taking action on an application. It also gives a brief description of the conference and
hearing procedure followed by the Department in resolving protested applications.

If you have any questions or if this office can be of further assistance, please feel free to

contact us.
Very tndly yours,
Allén D. Merritt, P.E.
Southern Region Manager
AM:MB
Enclosures
MICRC



State of Jaho
DEPARTMENT OF WATER RESOURCES

1341 Fillmore Street, Suite 200, Twin Falls ID 83301-3380
Phone: (208) 736-3033 FAX: (208) 736-3037

SOUTHERN REGION DIRK KEMPTHORNE
Governor
KARL J. DREHER
Director
April 10, 2002
BILL POULTON
977 S150E

BURLEY ID 83318
RE: APPLICATION FOR PERMIT NO. 45-13430 - LDS Church (Oakley Stake)

Dear Mr. Poulton:

Your protest against the approval of the above referenced application has been received
and a copy has been sent to the applicant with the suggestion that they contact you directly
to determine the exact nature of the protest and, if possible, to resolve the matter without
action by the Department.

Please note that the application is considered a contested case and subject to the Rules of
Procedure adopted by the Department.

If you need a copy of these rules, please contact this office. The Rules of Procedure are
also available on the Internet by using the IDWR Homepage at the following electronic

address:
htp:/Awww.idwr.state.id.us/apa/idapa37/0101.htm

The attachment to this letter describes the issues which the Department must consider in
taking action on an application. It also gives a brief description of the conference and
hearing procedure followed by the Department in resolving protested applications.

if you have any questions or if this office can be of further assistance, please feel free to

contact us.
y yours,
Allen D. Merritt, P.E.
Southern Region Manager
AM:MB
Enclosures



State of . .aho
DEPARTMENT OF WATER RESOURCES

1341 Fillmore Street, Suite 200, Twin Falls ID 83301-3380
Phone: (208) 736-3033 FAX: (208) 736-3037
SOUTHERN REGION DIRK KEMPTHORNE
Governor

KARL J. DREHER
Director

April 10, 2002

LAIRD B. STONE

STEPHAN KVANVIG GREENWOOD
STONE & TRAINOR

PO BOX 83

TWIN FALLS |D 83303-0083

APPLICATION FOR PERMIT NO. 45-13430 (LDS Church — Oakley Stake)
Dear Mr. Stone:

This office is in receipt of your Petition to Intervene in the matter of the application; however,
the Department's Rules of Practice & Procedure require that the Petition be properly filed
before the Department considers it.

If you need a copy of these rules, please contact this office. The Rules of Procedure are
also available on the Internet by using the IDWR Homepage at the following electronic
address:

http://www.idwr.state.id.us/apa/idapa37/01 01.htm

Rules of Procedure, IDAPA 37.01.01.302 requires that Petitions to intervene be filed with
service to the other parties. A list of the parties in this matter is attached for your use.

The Petition to Intervene must be filed fourteen (14) days prior to a conference or hearing on
the matter.

The attachment to this letter describes the issues which the Department must consider in
taking action on an application. It also gives 2 brief description of the conference and
hearing procedure followed by the Department in resolving protested applications.

If you have any questions regarding this matter, please do not hesitate to contact me.

Very truly yours,

2 U7~

len D. Merritt, P.E.
Southern Region Manager
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CERTIFICATE OF MAILING

i hereby certify that on the 10" day of April, 2002 a frue and correct copy of the above and foregoing
document was forwarded with all required charges prepared, by Regular U.S. Mail to the parties listed:

e SO
//' / ‘ )L//‘Z{?{' ﬂ\%dv%wg u/J

Secretary

W. GARY WHITELEY PRES
LDS CHURCH - OAKLEY STAKE
340 W MAIN ST

OAKLEY ID 83346

DWAVYNE B. & SHARON K. HARRISON
972S150E
BURLEY ID 83318

BILL POULTON
g77S150E
BURLEY ID 83318

Intervenor:

LAMBERT PRODUCE INC.

C/O LAIRD B. STONE

STEPHAN KVANVIG GREENWOOD
STONE & TRAINOR

PO BOX 83

TWIN FALLS ID 83303-0083

M‘G?\Ci T
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STEPHAN, KVANVIG, STONE & TRATNOR
Laird B. Stone

P. 0. Box 83

Twin Falls, Idaho 83303-0083
Telephone: 208-733-2721 -
Facsimile: 208-733-3619

ISB #2363 Re
Attorney for Petitioner Ce
Lambert Produce, Inc. Ap /VG.
10271/PET-INT/1s Oap, 4’09 O
Sy, 2
NG
By 0y .
STATE OF IDAHO
DEPARTMENT OF WATER RESOURCES

)

APPLICATION FOR PERMIT ) Ident. No. 45-13430
)
)

PETITION TO INTERVENE

COMES NOW the Petitioner; Lambert Produce, Inc., by and
through its attorney and petitions the Department of Water
Regources pursuant to IDAPA 37.01.01 Rules of Procedure R.350 as
follows:

1) The name of the Petitioner is Lambert Produce, Inc.
c/o Cory King at-Box—44=a; "Oakley, Idaho;-§33467 &“?S.ﬁ //905

2} The Petitioner has a direct and substantiaf interest

~
in the filing of the Application for a Permit to Appropriate Water
#45-1343- by Oakley Idaho Stake Church of Jesus Christ of Latter
Day Saints for 0.02 CFS for Domestic Usge from January 1, to
December 31, based upon the Petitioner having the following water

rights on Willow Creek and wells within T12S which may be affected

by the use of 0.02 CFS for domestic purposes by the Applicant.

M} ‘;R(‘\‘Ji [

PETITION TO INTERVENE - 1 . . saq-
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3) Petitioner holds the following water rights in T12S:

A45-00166

A45-00168

A45-00169

A45-02053

A45-02066

A45-02526

A45-02567

A45-02579

A45-02630

A45-02657

A45-02668

A45-04007

A45-04008

A45-04011A

A45-04014

A45-04048D

h45-04256

4) Petitioner would request that the application be

denied if the above listed water rights are affected by the
proposed well, as any affect will decrease the amount of water held
by Petitioner for livestock and irrigation.

Dated this E‘ff day of April, 2002,
STEPHAN, KVANVIG, STONE & TRAINCR

By
air T Stone
Attorney for Petitioner

neT g 2
PETITION TO INTERVENE - 2



CERTIFICATE OF MATLING

I hereby certify that on the f-i--—" day of April, 2002,
I caused a true and correct copy of the foregoing instrument, tO be
mailed, postage prepaid, to the following:

Cory King

Lambert Produce, Inc.
Box 44A

Oakley, ID 83346

Gary Whiteley

Stake President of Oakley Idaho State
Church of Jesus Christ of Latter
Day Saints

340 W. Main St.

Oakley, ID 83346

rd B. Stone

MICH. -
PETITION TO INTERVENE - 3 npT v P02



STEPHAN, KVANVIG, STONE & TRAINOR

ROBERT W. STEPHAN 194B6-1992 ATTORNEYS AT LAW

RETIRED WELLS FARGO BANK BUILDING
R 102 MAIN AVENUE SOUTH
RUSSELL G. KVANVIG POST DFFICE BOX 83
LAIRD B. STONE TWIN FALLS, IDAHO 83303-00B83

KEVIN F, THAINOR

Date é{ f/ﬁ’ cjyl

<§7éz7[f & Pj;% 4 o, MD% o }(‘ é-u?f-f/[f-’v/%dﬁv S
HClerkof-the—  Couxt

JOut——=

FRAMNK L. STEPHAN 1886-1952
DANIEL A. SLAVIN 1838-1987

TELEPHONE 20B-733.2722

FAX 208-733-3619

ounty,

[ County Recorder

0

H
%umbe’i T Y- ) 3430

Our File Number

< Please file the attached Zé/% 7§ v’ %’ -;*4’)/4/?—3/%‘%(/ _

[ Please issue the attached

(1 Please certify the attached __ S

(] Please present to the Judge for his consideration the attached

[ Please record the enclosed

%Q)ur firm check is enclosed in the amount of $22>-“%_to cover your fee for % //L?/ '

[ Please return to this office _

1 Please forward

)K@Iease return file stamped copies of the documents to this office

] Other

BT Sincerely yours,

- -~

N

&

STEPHAN, KVANVIG, STONE & TRAINOR



11/99 RECEIVED

STATE OF IDAHO APR 05 2002
DEPARTMENT OF WATER RESOURCES

Depanment of Water Resources
Southem Reglon

NOTICE OF PROTEST

This form may be used to file a protest with the department under sections 42-108B, 42-203A, 42-203 C, 42-211,42-222 and 42-224,
Idaho Code. The department will also accept a timely protest not completed on this form if it contains the same information.

1. Matter being protested v PU"‘N\:T ‘15-/3‘}30} LDS CAL!N:Z
2. Name of protestant B { l ( Qy{,\. / _74> Ao

3. Protestant’s Representative for service (If different than protestant)

4. Service mailing address 977 Jo. {50F, BM([.-LV ‘ I&M/O §334F

5. Service telephone no. 20f 74 O0/l/ _(ho-,- _){cme. Juh'hj office ﬁour.r)

6. Basis of protest (including statement of facts and law upon which the protest is based)

7"“;; WAséW y—[‘ofp k?‘_q W/ /( LSL t.bjﬁ_ﬂrﬁ&\fd(/h

(additional pages may be attached to describe nature of the protest)

7. What would resolve your protest? ) :__CA b yA u &;[Qiﬁ/m alco n

I hereby, acknowledge that if I, or my designated representative, fails to appear at any regularly scheduled
conference or hearing in the matter of which I have been notified at the address above, the department may
issue a notice of proposed default against me in this matter for failure to appear. I also verify that 1 have served
a copy of this protest upon the appiicant.

Signed this 5 dayof _Apr 2002

A A BPudt.

Protestant

MICRG: i pg;-

Protestant’s Representative -

) F’f- 1»} L . e
T ; b R



NOTE:

A protestant is required to timely file a protest with the department together with a $25.00 protest fee for
each application being protested in order for the protestant to be considered a full party by the department.
In addition, the department’s Rule of Procedure, IDAPA 37.01.01203, requires a protestant to send a copy
of a protest to the applicant.

INSTRUCTIONS
|. The matter being protested must be clearly identified. A typical matter is identified by the application
number such as “Application for Permit No. in the name of 7 or
“Application for Transfer No. in the name of 7

2. Show the name of the protestant. Only one (1) protestant may be shown per protest form. if this protest form
is signed by more than one person, the hearing officer will consider the first signer as the official protestant
and the representative for service of documents.

If the protestant is represented by an attorney or other authorized representative, show the representative’s
name. The department then will serve documents on the representative and upon the protestant if
specifically requested.

o

4. Show the address where the department is to serve the documents. This should be the address of the
authorized representative unless the protestant does not designate a representative.

5. Show the telephone number of the authorized representative unless the protestant does not designate a
service representative.

6. Specifically describe the nature of the protest.

7. Describe the relief being sought by the protestant.

FOR DEPARTMENT USE ONLY

Received by __M Date  ¥4-5-03 Time ?Q/,pm

. $25.00 fee Receipted by #ﬂ # S024722 Date  4-§-0Q




11/99 RECEIVED
STATE OF IDAHO APR 0 5 2002
DEPARTMENT OF WATER RESOURCES
Department of Water Rescurves
Southern Ragion
NOTICE OF PROTEST

This form may be used to file a protest with the department under sections 42-108B, 42-203A, 42-203C, 42-211, 42-222 and 42-224,
Idaho Code. The department will also accept a timely protest not completed on this form if it contains the same information.

1. Matter being protested )410!0[ l(;uﬁl'—.l‘.! .joer m | 'i' + 45 - [34 30
2. Name of protestant __D\\}&-ug ne. B ‘E:SA,V’PI-S’ n SL&V 2 1 K H‘a-rrtsa-u

3. Protestant’s Representative for service (If different than protestant)

4 Service mailing address 4 7 & S. /82 E .BWV‘ ’Bf-}f . Ij g3515%

5. Service telephone no. 208~ L1718~ 2941

6. Basis of protest (including statement of facts and law upon which the protest is based)

Da.ma—jc +» Waj'er M&;M’? 2 h ‘WCHau/(Lreéf\{

(additional pages may be attached to describe nature of the protest)

7. What would resolve your protest? -C-a-s-e

I hereby, acknowledge that if I, or my designated representative, fails to appear at any regularly scheduled
conference or hearing in the matter of which 1 have been notified at the address above, the department may
issue a notice of proposed default against me in this matter for failure to appear. 1 also verify that I have served
a copy of this protest upon the applicant.

Signed this _ &~ 'd“'__ day of W 200 A

ProteStant

Protestant’s Representative
MICRGFILMT L

(ET 3G 2003



NOTE: \

A protestant is required to timely file a protest with the department together with a $25.00 protest fee for
each application being protested in order for the protestant to be considered a full party by the department.
In addition, the department’s Rule of Procedure, IDAPA 37.01.01203, requires a protestant to send a copy
of a protest to the applicant.

INSTRUCTIONS
1. The matter being protested must be clearly identified. A typical matter 1s identified by the apphcatlon
number such as “Application for Permit No. in the name of " or
“Application for Transfer No. in the name of 7

2. Show the name of the protestant. Only one (1) protestant may be shown per protest form. If this protest form
is signed by more than one person, the hearing officer will consider the first signer as the official protestant
and the representative for service of documents.

3. If'the protestant is represented by an attorney or other authorized representative, show the representative’s
name. The department then will serve documents on the representative and upon the protestant if

specifically requested.

4. Show the address where the department is to serve the documents. This should be the address of the
authorized representative unless the protestant does not designate a representative.

5. Show the telephone number of the authorized representative unless the protestant does not designate a
service representative.

6. Specifically describe the nature of the protest.

7. Describe the relief being sought by the protestant.

FOR DEPARTMENT USE ONLY
Received by ”O»ﬁ:,m Date Y-¥-02 Time - #Slﬂ,m
$25.00 fee Receipted by#? # S0A%73/ Date ¥-5-0%

MICRGH LM O
BCT 2 5 20m



SOUTH IDAHO PRESS
BURLEY, IDAHO
AFFIDAVIT OF PUBLICATION

County of Cussia )
) 8§
STATE OF IDAHO )

DapaTine

Ruth Anne Holmes, being first duly sworn, deposes and says that she is the Legals
clerk of the South Idaho Press, a daily newspaper published at Burley, Idaho, in the
county aforesaid and that the paper is of general circulation therein. Dieponent _
further states that the printed notice attached hercto was duly published according

. z
to law in the regular editions of the South [daho Press for 5 Lo
V . . R ] ] A X,
consecuiive weak(s), commencing with the issue dated 7 7 Ldhels ) / 7 Lo i

L\' R A S -
- ending wita the issue dated /7/;//’/24 21/ J)!

. yy .
Sl e i) Sl
; ,
M

L0

STATE OF [DARHC )
COUNTY OF )
Cuassia )

On this _XJ2#. day of 7] "‘Zfﬁd/&/ in the year of ,2"43'0’314_. before
me, a Notary Public, pcrsonalfy appearcd Ruth Annc Hoirpcs_;, k.nown or identtied
{0 me Lo be the person whose name is subsciibed 10 the within 1QSU'unncnt, and
being by me first duly sworn, declared that the statemenis therein are true, and

acknowledged 1o me that she exccuted the same. //—-

ANN HARPER
NOTARY t ULLIC
STATE O {0 HO

g N T T

» A A K,
Notary Public for Idaho

Residing at: Burley, Iduho

Y

[N W W,

My commission expires: 9-14-2007

R AN

Cost ol Pubiication

Alfidavit Fee

- ',. ’7‘\:‘ - -
i /‘,'l. {;)

Toral Cost ;

MICARTD -1 kel o

et 3 293
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112-090
NOTICE OF APPLICATIONS
Netice is hereby given that

Applications have been filed with the
Idako Department of Water Resources
concerning water rights within Cassia
County:

DARYL OR DOROTHY WHITE-
HEAD, 512 RIVERSIDE DR;BURLEY
ID 83318 filed Application for Transfer
No. 69737 on 3/8/02 for diversion of

0.27 cfs from ground water for imigation
of 18 acres. The purpese of the transfer
1510 split oft a portion of right 45-73 11 to
be diverted out of a new well to be
drilled on the applicants’ property. The
place of use and new well site are
approximately a half-inile Southeast of
Albion, on the Northeast side of
Highway 77.

WILLIAM D. JONES AND SON,
C/O WILLIAM D. JONES, PO BOX
152; ALMO 1D 83312 filed Application
for Transfer No, 69665 on 2/12/62 for
diversion of 0.56 cfs from Almo Creek
tributary to Rafl River for irrigation of 28
acres. The purpose of the transler is to
add a new point of diversion, The place
of use and new point of diversion ure
located 4 miles East and 2 miles South of
Almo, ID.

Protests may be submitted based on
the criteria of Sec 42-222, Mdaho Code.

Application for Permit No. 43-13430

CHURCH OF JESUS CHRIST
LATTER DAY SAINTS, OAKLEY
STAKE

PO BOX 93

OAKLEY [D 83346

Point of Diversion and Place of 1ise:
NESE 836 1128 R23E

Source: GROUND WATER

Use: (/1 To 12/31

DOMLESTIC 0.02 CFS

Date Filed: 01/23/2002

Remark: Application is tor domestic
use - church campground. | ocation is
9 miles East and 6.5 miles North of
Oakley, Idako, Permil will be subject to
all prior water rights,  Protests may be
submitted based on the criteria of Sec 42-
203A, ldsho Code.

For specific details regarding ihe
applicationts). please contact [DWR
Southern Regional Office al 208-736-
3033 or visit www.idwrstae.ilus with
detail provided under "New Water Righ
Applications.” Protests against approval
must be filed with 1IDWR, Southern
Region, 1341 TFillmore St.-Suite 200:
Twin Falls, 117 83301 with a protest [ce
of $25.00 for gach application on or
before April 3, 2002, The protestant
must also send a copy of the protest to
the apphicant.

Karl I. Dreher. Director
Published in e Sowth Idahe Press an
March 18 and 25, 2002,



NOTICE OF APPLICATIONS

Notice is hereby given that Applications have been filed with the idaho Department of Water Resources
concerning water rights within Cassia County:

DARYL OR DOROTHY WHITEHEAD, 512 RIVERSIDE DR;BURLEY 1D 83318 filed Application for
Transfer No. 69737 on 3/8/02 for diversion of 0.27 cfs from ground water for irrigation of 18 acres. The
purpose of the transfer is to spfit off a portion of right 45-7311 to be diverted out of a new well to be drilled
on the applicants’ property. The place of use and new well site are approximately a half-mile Southeast of
Albion, on the Northeast side of Highway 77.

WILLIAM D. JONES AND SON, C/O WILLIAM D. JONES, PO BOX 152, ALMO 1D 83312 filed Application
for Transfer No. 69665 on 2/12/02 for diversion of 0.56 cfs from Aimo Creek tributary to Raft River for
irrigation of 28 acres. The purpose of the transfer is to add a new point of diversion. The place of use and
new point of diversion are located 4 miles East and 2 miles South of Almo, ID.

Protests may be submitted based on the criteria of Sec 42-222, ldaho Code.

Application for Permit No. 45-13430

CHURCH OF JESUS CHRIST LATTER DAY SAINTS, OAKLEY STAKE

PO BOX 93

OAKLEY ID 83346

Point of Diversion and Place of Use: NESE S36 T12S R23E

Source: GROUND WATER

Use: 01/01 To 12/31

DOMESTIC 0.02 CFS

Date Filed: 01/23/2002

Remark: Application is for domestic use - church campground.  Location is 9 miles East and 6.5 miles
North of Oakley, ldaho. Permit will be subject to all prior water rights. Protests may be submitted based
on the criteria of Sec 42-203A, ldaho Code.

For specific details regarding the application(s), please contact IDWR Southern Regional Office at 208-736-
3033 or visit www idwr state idus with detail provided under “New Water Right Applications.” Protests
against approval must be filed with IDWR, Southern Region, 1341 Fillmore St.-Suite 200; Twin Falls, ID
83301 with a protest fee of $25.00 for each application on or before April 5, 2002. The protestant must also
send a copy of the protest to the applicant.

Karl J. Dreher, Director

Published in the South Idaho Press on 3/18 & 3/25/02.

M'L;'F{Cafiw:f\‘.... -
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IDAHO DEPARTMENT OF WATER RESOURCES
1341 FILLMORE STREET-STE# 200
TWIN FALLS D 83301
Phone: 736-3033 Fax: 736-3037

March 12, 2002

ATTN KAY MOORE
SOUTH IDAHO PRESS
230 E MAIN ST
BURLEY ID 83318

Dear Ms. Moore:

Enclosed you will find a legal notice which we wish to have published in your newspaper
on the dates indicated (once a week for two consecutive weekly issues).

If you cannot publish the notice on the proposed dates, please contact us immediately at
736-3033.

An affidavit of publication must be submitted to the Department along with the publication
bill. Your cooperation is appreciated.

Sincerely

AP bﬁ“ @é%@;ﬁ/

Mary A. Baldwin
Administrative Assistant

BAIGF‘\C VL il
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State of T ‘ho
» DEPARTMENT OF WATER RESOURCES

1341 Fillmore Street, Suite 200, Twin Falls ID $3301-3380
Phone: (208) 736-3033 FAX: (208) 736-3037

SOUTHERN REGION DIRK KEMPTHORNE

Governor

KARL J. DREHER

Director

March 12, 2002

W. GARY WHITELEY STAKE PRES
LDS CHURCH- CAKLEY STAKE
PO BOX 93

OAKLEY 1D 83346

Re: Application for Permit No. 45-13430

Dear Mr. Whiteley:

The Department of Water Resources acknowledges receipt of your water right application The application
has been assigned the above referenced identification number. Please refer to this number in all further
correspondence.

This office has scheduled advertising the application in the South Idaho Press for 3/18 & 03/25/02. A
period of ten days following the second publication will be allowed for the submittal of protests.
(April 5, 2002)

If an application is protested the applicant will be sent a copy of the protest. The protest must be resolved
before the application is approved or denied. If the protest is not resolved voluntarily, this Department will
conduct a conference and/or hearing on the matter.

If an application is not protested, it will be forwarded to our State Office in about five weeks. State office
personnel will conduct a complete review prior to final processing of the application and will notify the
applicant of the outcome of this review. If a permit is issued, the applicant will be sent a copy. A typical
processing time for an un-protested application is about eight weeks.

Please feel free to contact this office if you have any questions regarding this procedure.

Sincerely,

) 2,
A Saliver

Mary A. Baldwin
Administrative Assistant

MICHJ‘:F‘ELE\".L -
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State of Idaho JAN 2 3 200,
DEPARTMENT OF WATER RESOURCES DGN”’ZM:o;WatsH;i ‘
1341 Fillmore Street, Suite 200, Twin Falls, ID 83301-3380 St Ragion %S
Phone: (208) 736-3033 FAX: (208) 736-3037

SOUTHERN REGION DIRK KEMPTHORNE

GOVERNOR

KARL J. DREHER
DIRECTOR

1-16-02

W. Gary Whiteley
P.O. Box 211
QOakley, ID 83346

Dear Mr. Whiteley,
1 am returning your application for permit and check for $100 as we
discussed on this date. Please make the changes next to my notes on the

application. After the changes are made please return the application along
with the $100 filing fee. If you have any questions feel free to contact me.

Sinccre_}:ly,_ / /
//, L

John Freitag
Water Resource Agent Sr.

Enclosures

MiCAC, , .



Comment Report
45-13430

Legal Notice Remarks
Comment: Application is for domestic use - church campground.

Location is 9 miles east and 6.5 miles north of Oakley, Idaho.





