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aquifer. The nearby deep wells in the foothills (Hillside Jr. High, Quail Hollow Golf
Course, and wells on the Terteling Stewart-Gulch properties) drilled mostly mudstone
according ta driller’s logs. Possibly the section containing the lower Swift well aquifer
sand has been eroded from the upthrown fault block, and for that reason it does not occur
in the foothills. Alternatively the lower sand may be a channel deposit that simply was
not deposited to the northeast.

One and one-half miles to the northwest of the Swift well, an 80-ft-thick coarse sand
occurs in the UWID Gary Lane well below 350 feet of mudstone at a depth of 740 feet.
In this well, the grain size is mostly 0.5 to 2 mm, and much coarser than the medium-fine
sand reported for the lower Swift well aquifer. Otherwise, it appears to be a similar and
possibly correlative sand. Three and one-half miles to the northwest of the Swift well is
the Treasure Valley Hydrologic Project Monitoring Well #1 (TVHP#!) in which several
medium-fine-grained sand beds occur beneath 300 feet of mudstone at a depth of 770
feet. Individual beds are 2 to 10 feet thick, and the sandy sequence is 120 feet thick
(Dittus and others, 1997). Grain-size and depth are similar to the lower Swift well
aquifer. The TVHP#1 well was not completed below 340 feet, so the hydraulic
connection to the other two wells cannot be studied. All of these occurrences are
probably along strike and indicate sand about 700 feet deep and 300 feet beneath a thick
mudstone unit, suggesting they may correlate and be hydraulically connected.

Gravel occurs at about 2,100-ft elevation near the bottom of the Hewlett Packard well,
but it does not occur in the Swift well. The Hewlett Packard well is situated about 6 miles
basinward from the basin margin, therefore the gravel must represent a river or beach out
in the basin at the time of deposition. Its absence in the foothills, requires that the gravel
was not deposited there, or has been eroded from the section nearer the foothills. It is
problematic that no gravel occurs in the Swift Well, but the “pink line” is projected east
to show where an unconformity might occur in that well. “Red-colored” gravel is
reported by the driller at a corresponding level in the Goddard well (see Squires and
others, 1992, p. 94). We suspect the gravel in the Hewlett Packard well marks the top of
the Chalk Hills Formation, which we represent by a pink line on the section (Figure 10).
The mudstone above the gravel is tentatively correlated with the Terteling Springs
Formation, deposited by the rising transgressive lake water. That mudstone, changes
upward to the prodelta mud of a delta prograding basinward, discussed in the next
paragraph.

In the foothills, and in all wells on the section depicted in Figure 10 is a clear signature
of a delta prograding into the Basin. The delta signature on the logs the a funnel shape of
side-by-side gamma and resistivity logs (Figure 4 B and D) seen in the Swift and Hewlett
Packard wells above 2,350-ft elevation, and in the McMillan well above 1,900-ft
clevation. The sand thickness and depth increase progressively to the west. The delta
sand is coarse in the foothills, and the driller reported coarse sand in the depth interval
153 to 280 feet in the McMillan well.

Because this is the uppermost delta in the lacustrine sequence, we correlate it to the
Pierce Park sand that crops out in the upper part of the foothills section west of Crane
Creek. In the foothills, this unit is mostly foreset beds of coarse sand typical of the
“Gilbert-type” of delta. Some foreset bed sets are 60 feet thick, and the sand unit as a
whole is up to 250 feet thick in the foothills (Burnham and Wood, in press). This delta is
then correlated by Wood and Clemens (in press) to the history of Lake Idaho. Since it is
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the uppermost major delta in the section its deposition over mudstone, is explained as a
prograding sand delta in response to the slow lowering of lake levels after Lake Idaho
spilled over into Hells Canyon. In the lake history context, this uppermost delta should
correspond to the upper part of the Glenns Ferry Formation of Malde and Powers (1962)
and Reppening and others (1994) which crops out south and southeast of the Boise area
along the Snake River

We feel fairly certain that there is a “long term” hydraulic connection in the sands of
the upper delta sequence (Figure 10); however, local lenses of mudstone in that section
may prevent short-term detection of well-drawdown responses. It may take months to
decades for large drawdowns to propagate through this seemingly continuous section of
interbedded sand and thin muds.

Other older sand deltas surely occur in the lacustrine section. For example in Figure 9,
the lower sands in the upper 800 feet in the Julia Davis well are mouth-bar sands of a
delta sequence over mudstone. However because this section is steeply dipping, this
delta is much older than the upper 800 foot section of the MeMillan well (Figure 10). In
our interpretation the deita sands in the Julia Davis well are part of the much older Chalk
Hills Formation.

Comments on structure

We did not re-interpret the structure along the two cross-sections; however the
framework published by Squires and others (1992, their Figure 11) generally concurs
with observations in this study. They show the Eagle-west Boise fault with 800 feet of
offset between the Swift well and Goddard well using data available to them at that time.
The 800-ft offset they show is the offset of the volcanic basement. The fault does not
necessarily offset of the upper section. The aquifer section below 2000-ft elevation
(about 700 f deep) may be offset, but the Eagle-west Boise fault does not appear to
significantly offset the upper delta sequence.

Squires and others (1992) also show the “foothills fault zone”, just northeast of the
Swift well. In our Figure 10, the base of the upper deita is shown as offset by 300 feet
with respect to the foothills outcrops, however this elevation shift could also be due to
tilting without significant faulting. It is likely that a major fault or fauit system occurs
between the Swift well and the Edwards geothermal well and that this fault offsets the
deeper section. Lava rock is reported by the driller at elevation 1,500 ft in the 1926 well
(1daho Supreme Court Records, Silkey vs. Teigs, 1931) showing that the “volcanic
basement is relatively shallow here (Figure 10). None of these geothermal wells have

been logged by borehole geophysics, and we do not know whether the geothermal aquifer
in this area is basalt or rhyolite.

Conclusions

In this study we have identified gravel layers, oolite beds, thick mudstone sequences, and
thick delta sequences that appear to correlate with regional concepts of fluvial and
lacustrine deposition as outlined by Wood and Clemens (in press). We are still uncertain
how many gravel layers are in the section; however, occurtence of gravel layers out in the
basin, several miles basinward from the basin margin is an indication that the lake level
lowered several times and streams flowed over exposed lake beds and delivered gravel
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away from the uplands. Some gravel may be beach gravel, and some may be channel or
remnant terrace gravel; however, it had to be originally delivered to the site by a stream.

Our best evidence that a lake transgressed over the gravel is the occurrence of oolite
sands in the shallow section of the Cassia, Taggert, and Cole wells (Figure 3 and 9). This
section shown in Figure 9 also indicates that there may be topographic relief upon the
tilted and eroded older section. This is also our best evidence that the sedimentary
sequences shown in this profile (Figure 9) correlate to the Chalk Hills Formation and the
overlying Terteling Springs Formation. We also conclude that the Pierce Park sand
(correlative with the upper Glenns Ferry Formation) is absent from.the section shown in
Figure 9, but the Pierce Park Sand is the same sand as the upper delta sequence in the
Swift, Hewlett-Packard, and McMillan wells shown in Figure 10.

Deeper sedimentary strata comprising the aquifer system have been tilted basinward (to
the southwest, 2 to 11 degrees. The deeper strata are offset by faulting, but the amount of
offset is known only where seismic data is available. The extent to which shallow parts of
the aquifer system are faulted and tilied has not been determined, because the available
petroleum-industry data was not focused on the shallow section (<600 feet) (see seismic
section in Figure 10).

Eventually, the aquifer geometry can be determined accurately using high-resolution
seismic reflection methods and continued diligence in obtaining borehole geophysical
logs and cuttings examination of drilled water wells. We hope that this study provides a
framework for future study.
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Seismic Expression and Geological Significance of a
Lacustrine Delta in Neogene Deposits of the Western

Snake River Plain, Idaho!

Spencer H. Wood?

ABSTRACT

High-resolution seismic reflection profiles and
well data from the western Snake River plain basin
are used to identify a buried lacustrine delta system
within Neogene Idaho Group sediments near Cald-
well, Idaho. The delta system is detected, 305 m
(1000 ft) deep, near the center of the basin by
progradational clinoform reflections having dips of
2-5°, a slope typical of prodelta surfaces of modern
lacustrine delta systems. The prodelta slope relief,
corrected for compaction, indicates the delta system
prograded northwestward into a lake basin 255 m
(837 ft) deep. Resistivity logs in the prodelta mud
and clay facies are characterized by gradual upward
increase in resistivity and grain size over a thickness
of about 100 m (300 ft). Lithology of the prodelta is
mostly calcareous claystone, with several layers of
fine sand, some of which fine upward, indicating a
density-flow mechanism of transport and deposition.
Delta-plain and front sediments are mostly very fine-
grained, well-sorted sand separated by thin mud lay-
ers. These sediments produce several to five cycles
of horizontal, high-amplitude reflections with a
toplap relationship to prodelta clinoforms. The sands
have an abrupt lower contact with prodelta muds
and have high resistivity on logs. In this study, per-
meable lacustrine sands within a predominantly mud
and clay section are located by using high-resolution
seismic reflection data.

Identification of a delta system in the Idaho Group

@©Copyright 1994. The American Assoclation of Petroleum Geologists. All
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*Manuscript received, April 8, 1991; revised manuscript received, May
13, 19693: final acceplance, August 11, 1993.
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provides insight into the history of Pliocene “Lake
Idaho.” The present depth of the delta/prodelta facies
contact of 305 m (1000 [v) is 445 to 575 m (14601900
f©) below the lake deposits on the margins. Estimated
subsidence from compaction is 220 m (656 fi), and
the remaining 225 to 325 m (740-1066 ft) is attributed
1o tectonic downwarping and faulting,

The original lake arez had been reduced to one
third of the original 13,000 km2 (5000 mi2) by the
time the delta front prograded to the Caldwell area.
The original lake area may have been sufficient to
cvaporate most of the inflow, and the lake may have
only occasionally spilled into other basins. Dimin-
ished area for evaporation later in the history of the
lake, combined with reduced evaporation accompa-
nying onset of the ice ages, may have caused the
lake to rise and overtop a basin sill about 2 Ma, and
subsequently deepen Hells Canyon.

INTRODUCTION

Lacustrine deposits in rift basin environments have
become major petroleum exploration targets in many
parts of the world (Katz, 1990). Likewise, important
groundwater resources are exploration targets in
lacustrine sediments. Exploration methods are necded
to identify facies of permeable strata within thick sec-
tions of impermeable mud rocks characteristic of
lacustrine deposits because these permeable strata
may be hydrocarbon reservoirs or freshwater aquifers.
Recognition of clastic depositional systems and per-
meable facies on seismic reflection sections in the
marine environment has been advanced by the work
of Mitchum et al. (1977), Sangree and Widmier (1977),
and Berg (1982). This study illustrates the seismic
expression and well-log character of 2 fine-sand delta
facies within lacustrine clay and mud deposits of the
Neogene western Snake River plain, and compares its
geometry with lacustrine deltas studied elsewhere in
the world.

With the exception of a study of the Paleocene
Fort Union Formation of Wyoming by Liro and Par-
dus (1990) and Quaternary Lake Biwa, Japan (Ikawa,
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Table 1. Comparison of Settings of Lacustrine Deltas®
River Average Annual
[Delta Areal  Drainage Annual Suspended Annual
Lake Area Area Discharge Load Bedload Basin
(km?2) Gkm?2) (109 m3/yr) (106 mdfy) (108 m3/yr) Origin Latitude

Lake Constance [6+} 6122 6.95 2.57 0.04 Wiirm-age temperate
Rhine River 600 glaciated
(Bodensee) basin
Switzerland
Pyramid Lake {20] 4785 0.72 0.1 ? tectonic, temperate
Truckee River 428 0.26** lake level 40° N
Nevada, USA lowered,

eroded and

rebuilt delta
Lake Laitaure [10} 684 6.3 0.24 0.04 glaciated arctic
Sweden 9 67°N
Lake Maracaibo [(1200] 15,000 29 4.8 broad tropical
Catatumbo River 12,900 tecronic 10°N
Venezuela subsidence
Neogene 13,000t 180,000t 16t 11it 0.4-1.11t  tectonic, temperate
Lake Idaho subsidence 44°N
(Snake River) & faulting
1daho, USA

*Refarences: Lake Constance = Maller, 1366; Pyramid Lake = Born, 1972; Lake Laitaure = Axelsson, 1967; Lake Maracaibo = Hyne ef al., 1979.

**Discharge after diverslon of the Truckee River for irrigation. Much of the modern delta was built after diversion in the early 20th Century.

tOriginal [ake area taken from distribution of [daho Group sediments. Position of the buried delta discussed in this paper suggests the floodplain occupiad
about two thirds of the basin, and the lake about one third or 4300 km2. Discharge of the modern Snake River at Weiser, Idaho, 70-year average (from

Kjelstrom, 1988).

ttSadiment loads measured at Lewiston, idaho are the only available measurements (from Seitz, 1976). Bedload (>0.2mm caught in bed-load sampler)
ranges from 5 fo 10% of the suspended load. This reach of the river is below Hells Canyon, and tha river is impounded by a series of hydroelectric dams
about 100 km above here; therefore, these measurements may not be representative of sediment load in Neogene time.

1991), little has been published that relates seismic
stratigraphy of lacustrine deposits to their subsurface
geology. Most of the literature is concerned with
outcrop-scale features (Fouch and Dean, 1982).
Comparison to studies of the seismic expression of
marine delta systems, particularly the paper by Berg
(1982) was most useful for interpretation in the pre-
sent study. The few studies of modern lacustrine
deltas cited in Table 1 are helpful in understanding
facies distributions in these environments, but
research that incorporates shallow subsurface stud-
ies to understand the facies geometry of modern
lacustrine environments is clearly needed.

REGIONAL SETTING

The western Snake River plain basin is a normal-
fault~-bounded intermontane basin between the
northern Rocky Mountains province and the northern
Basin and Range extensional province. The plain is

underlain by a sequence of up to 2 km (6000 ft) of
lacustrine and fluvial sediment of the Idaho Group
(Wood and Anderson, 1981). The history of deposi-
tion and facies distributions within this section of
strata have not been previously studied. High-resolu~
tion seismic reflection profiles combined with geo-
physical logs and well-site study of cuttings provide
an opportunity for interpretation of the Neogene sub-
surface geology near Caldwell, Idaho (Figures 1, 2).
The western plain basin is a2 northwest-trending
graben-form tectonic basin that evolved after volumi-
nous rhyolite volcanism (16-9 Ma) on the south side
of the present basin, and after voluminous Columbia
River basalt volcanism (17-14 Ma) on the north side
(Leeman, 1989; Wood, 19892). Tectonic setting of the
Columbia River flood basalts is reviewed by Hooper
and Conrey (1989). Tectonic setting of the rhyolite
systems has the appearance of a northeast-migrating
continental hot spot (Armstrong et al., 1975; Rodgers
et al., 1990; Pierce and Morgan, 1992). Brott et al.
(1981 hypothesized that cooling of the lithosphere
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Figure 1—Index map showing distribution of Neogene Idaho Group lacustrine deposits in the western Snake River
plain, location of physiographic features and drainages influencing the Neogene lakes that occupied the western
plain region, and distribution of Columbia River basalt, shown by dotted line. Accumulation of Columbia River
basalt in the early Neogene and subsequent broad uplift of the Blue Mountains and Wallowa-Seven Devils Moun-
tains formed 2 barrier to northern drainage of the Snake River system. Outlet of the lake system may have been
southwest through Harney Basin. Other workers have suggested connection to the Xlamath River system of north-
ern California, AA' is location of cross section shown in Figure 3.

after passage of the hot spot produced the downwarp
structure of the eastern Snake River plain. Although
the eastern and western parts of the Snake River plain
form a continuous physiographic lowland, the eastern
plain is a2 southwest-trending downwarp without
major fault boundaries, whereas the northwest-trend-
ing western plain is clearly a graben form with normal
fault boundaries. The fault boundaries parallel other
extensjonal features that formed perpendicularly to
the hot spor track.

Middle Miocene volcanic rocks form an acoustic
basement about 2 km beneath the decpest part of the
western plain basin (Figure 3). Sporadic olivine-
tholeiite basalt volcanism has continued through the
Neogene and Quaternary from vents of a north 70°
west trending volcanic zone that traverses the west-
ern plain, and from vents on the margins (Wood,
1989b). Minor amounts of these basalts are intercalat-
ed with the sedimentary fill of the western plain. The
castern plain is largely covered with Pliocene and
Quaternary basalts, which erupted from N40°W
trending volcanic rift zones (Kuntz et al,, 1992), with
accumulations that are locally 1000 m (3280 ) thick.

Because of its large size and graben structure the
western plain basin has been called a tectonic conti-
nental rift. The western plain basin meets the defini-
tion of a tectonic rift in that it is a “long, narrow conti-
nental trough that is bounded by normal fauits, a
graben of regional extent” (Bates and Jackson, 1980).
The structural geometry is similar to other continental
rift basins described by Bosworth (1985). The buried
horst block in the center (Figure 3) is interpreted to
be an interbasinal ridge or an extension tranisfer zone
(using terminologies of Rosendahl et al., 1986; Morley
et al., 1990) between half-graben structures formed
during early basin evolution. Areal extent of the horst
is indicated by a +20 mGal gravity anomaly outlined
by the dotted line in Figure 3. Structural dip of the
margin fault blocks and infilling sediment toward the
center of the basin suggest the lithosphere has more
recently undergone extension and necking that create
negative buoyancy of the basin, and broad subsi-
dence of the center of the basin in a maaner suggest-
ed by Braun and Beaumont (1989). Some compo-
nents of the dip of the sediments and subsidence of
the center of the basin, however, are because of com-
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Figure 2—Map of west-
ern Snake River plain
showing location of
study area of Figure 5.
Map shows position and
progradation dircction of
the lacustrine delta sys-
tem in the Pliocene inter-
preted from this study
and from a previous
study by Wood and
Anderson (1981). Num-
bers in parentheses are
the present clevations (in
feet above sea level) of
the prodelta/delta-front
transition identified on
well logs. Names of deep
wells examined for this
relationship are listed in
Table 2, AA' is the line of
section shown in Figure
3. Dashed line enclosing
northwest-south-
east—trending oval area
north of Caldwell is a +20
mGal gravity-anomaly
expression of the buried
horst shown on the cross
section of Figure 3.
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paction of the thick accumulation of fine sediment in
the center of the basin.

The basin contained large freshwater lakes and
river systems from about 8.5 to 2.0 Ma and filled
with predominantly fine siliciclastic sediment and

minor intercalated pyroclastic and flow basalt layers.
Numerous earlier papers summarized in Wheeler
and Cook (1954) and Jenks and Bonnichsen (1989)
alluded to a large Pliocene lake in the western plain,
commonly referred to as Lake idaho, but little is
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deltaic sequence discussed in this paper. Location of section is shown in Figure 2. Cross section shows that the plain has
continued to subside since the progradation of delta sequence. Basis for section is seismic reflection data reported by
‘Wood and Anderson (1981). Dashed contacts where seismic data are not available are inferred from geologic mapping.

known of the history of lake systems. Discontinuous
lacustrine shoreline deposits typically occur up to
about 975 m (3200 ft). Higher deposits such as 1128
m (3700 ft) in the foothills on the north side of the
basin (Gallegos et al., 1987) and 1036 m (3400 ft) on
the south side of the basin (Smith et al., 1982) may
have been elevated by faulting. Although the oldest
lake deposits in the graben are clearly downfaulted
one or more kilometers from their remnants in the
margin foothills, evidence for the highest lake levels
remarkably occurs on both sides of the basin at simi-
tar elevations (1000 + 130 m). These elevations sug-
gest relatively little differential vertical movement of
the basin margins since the last high-lake level.
Apparently, the graben subsided by downwarping
and minor normal faulting, with minor flank uplift
during the late Neogene and Quaternary.

At its maximum extent, the sedimentary basin cov-
ered about 13,000 km?, judging from distribution of
thick, fine-grained sediments and shoreline deposits
(Figure 1). The drainage basin delivering water to the
lake may have been similar in size to the present
upper Snake River catchment (above Weiser, Idaho),
which is 175,000 km2. Some have speculated that in
the Neogene the lake basin drained through south-
eastern Oregon to the Klamath River system in north-
ern California (Figure 1) (Wheeler and Cook, 1954;
Taylor, 1960, 1985; Smith, 1975; Smith et al., 1982).
Physical evidence for such an outlet through the
Great Basin has not been found; the evidence is
mainly paleozoological affinities of fossil mollusks

and fish in lacustrine deposits of the western plain
(Smith, 1981). Wheeler and Cook (1954) proposed
that the downcutting of ancestral Hells Canyon
through the Blue Mountains and the Wallowa—Seven
Devils structural arches caused capture of the Snake
River basin by the Columbia River drainage system.
Surficial deposits of fluvial gravel deposited over the
lake sediments mark the conversion of the basin
from an aggrading lacustrine and fluvial basin to an
eroding stream system (Malde, 1991; Othberg, 1992;
Othberg and Sanford, 1992). This enormous diver-
sion of Snake River basin waters caused further
downcutting of Hells Canyon, now the deepest gorge
in North America. The Snake River is now incising its
lacustrine deposits in the western plain basin.

STRATIGRAPHY OF BASIN FILL

Stratigraphy of the basin fill has been developed
from the study of dissected deposits, mostly on the
southwest margin of the plain. A diagram of litho-
stratigraphic units published by Malde and Powers
(1962) is shown in Figure 4. Much of the mud, silt,
and clay in the upper 1000 m of the basin fill could
be called mudrock, mudstone, silistone, and clay-
stone, because, in a geological sense, they are most-
ly soft friable rocks. In a geotechnical sense these
materials fall to both sides of the definition of rock
[unconfined compressive strengths above 1500
kN/m2 (200 psi); in other words, materials that can-
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AGE SERIES GROUPS AND FORMATIONS GEOCHRONOLOGY THICKNESS
(Ma) (typical lithology) (1)
PLEIS~ SNAKE RIVER GROUP &
TOCENB BRUNEAU FORMATION
(basalt lava, river- 0.11 to 2.1 Ma
terrace and lava~dammad- (R-Ar)4, (Ar-Ar)S 0-1000
lacustrine deposits)
1.8 - (" TEN MILE GRAVEL 0-70
PLIOCENE (£luvial gravel)
g GLENNS FERRY FORMATION 1.8 & 1.9 Ma (f)
o} (lacustrine & fluvial 2.4 Ma (f) 3000+
5 (sediment, minor basalt) 3.5 Ma (K-Ar)l
5.0 o 3.75 Ma (fz) Figure 4—Neogene
) CHALK HILLS FORMATION 5.0 Ma (f) 300+ stratigraphy of the
a {lacustrine & fluvial 6.5 Ma (f) western Snake River
g sediment, silicic 8.4 Ma (K-Ar)1l plain near Caldwell,
Z volcanic ash, minor Idaho, after Malde and
basalt >
8 ) Powers (1962), Wood
UPPER % zzorigu CREEK FORMATEON 400+ and Anderson (1981),
tuffaceous sediment, Middleton et al. (1985)
MIOCENE kosi d, mi >
azkesic sond, pinor and Kl G162 £-
~ on track (glass
IDAVADA VOLCANIC GROUP  9-12 Ma (K-Ar)1s2 0-3000+ from Kimmel (1982); fz
(rhyolite flows and = fission track (zircons
tuff
utts) in glass) from Izett
COLUMBIA RIVER BASALT 14-17.5 Ma (K-Ar)3  0-9000+ (1981); (K-Ar)1 = potas-
GROUP (NORTH SIDE OF sium-argon ages from
PLAIN)
(basalt lavas and minor Armstrong et al. (1975;
sediment) 1980), (K-Ar)2 = ages
SUCKER CREEK FORMATION from Ekren ct al. (1951,
& STILVER CITY RHYOLITE  15-17 Ma (K-Ar)2  0-2300+ 1984); (K-Ar)3 = ages
(SOUTH SIDE OF PLAIN) from Fitzgerald (1982);
(tuffaceous lacustrine (K-Ar)4 from Malde,
a:d f]‘.uvialdsgdimint, 1987; (Ar-Ar)5 from
8.0 — rhyolite and basalt) Othberg and Stanford
(1992).

not be crushed between one's fingers (e.g., Sowers,
1979, p. 3)I. The rocks or sediments generally yield
good cuttings from rotary wells, but they will be
referred to only by their sediment names unless
indurared by cementation or calcite recrystallization
to the extent that they are no longer friable. The
Miocene Poison Creek Formation is defined as a
clastic and volcaniclastic unit lying unconformably
on the Tdavada rhyolites. The formation is mostly
silicic volcanic ash, fine-grained tuffaccous material
in massive beds with some beds of locally cemented
arkosic sand and gravel, and some basaltic pyroclas-
tic beds. The Chalk Hills Formation is a silt and sand
unit with numerous thin layers of fine silicic ash. The
Pliocene-aged Glenns Ferry Formation is the thickest
and most widespread of the exposed deposits. At its
type locality along a 25-mi reach of the Snake River
near Glenns Ferry, Malde (1972) described 660 m
(2000 ft) of section of flood-plain and lacustrine
facies. The fluviatile facies is described as thick,
evenly layered beds of drab, very pale brownish-
gray sand and some silt. Among the layers of gray

and brown sand and silt are some beds of olive silt,
dark-olive clay, and paper shale, which are charac-
teristic of the flood-plain facies. The lacustrine facies
is described as dominantly massive layers of tan silt
that form drab monotonous outcrops having little
lithologic variety but marked by faint, diffuse, gray
bands arranged parallel to bedding and spaced sev-
eral feet apart. Neither vertical nor lateral facies dis-
tributions of the basin fill have ever been studied on
a basin-wide scale. In the Caldwell area of the pre-
sent study, similar muds, silts, and sands occur to a
depth of about 365 m (1200 ft), below which the
section is dominantly calcareous claystone with
minor sand layers to 2 depth of at least 670 m (2200
ft). Surprisingly, the section described by Malde
(1972) contains only minor claystone and carbonate,
whereas in the subsurface to the west, calcareous
claystone is the dominant lithology. In the present
study, seismic sections combined with examination
of cuttings and geophysical logs from an area near
Caldwell (Figures S, 6, 7) give a clearer picture of
depositional features than the study of outcrops has
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given. In particular, a large northwestward-prograd-
ing delta system is identified in the subsurface, about
305 m (1000 {t) deep beneath the middle of the plain
near Caldwell, Idaho.

PETROLEUM AND GEOTHERMAL EXPLORATION
RESULTS

A number of petroleum and geothermal explo-
ration wells (Table 2) have drilled the Neogene
lacustrine deposits and the deeper Miocene volcanic
and sedimentary rock beneath the western Snake
River plain (Figure 2). Earlier results arc reviewed by
Kirkham (1935) and Newton and Corcoran (1963),
and geothermal aspects of recent drilling have been
reviewed by Wood and Anderson (1981) and Black-
well (1989). Many early wells had hydrocarbon gas
shows in the sandy strata. Several uncontrolled
blowouts and gushers either sanded up or depleted
g4s in the reservoir within a few days (Kirkham,
1935). Controlled formation tests in several wells
drilled since 1950 produced low flows (50-350
mcf/day), but these flows also dwindled within a
few days or less (Newton and Corcoran, 1963).

Sanyal et al. (1980) and GeothermEx, Inc. (1980)
report significant gas on the mud log of the Ore-Ida
Foods 1 Ore-Ida well from the section above 2195 m
(7200 o). Possible high-gas saturation from the inter-
val 2106 ~2137 m (6910-7010 ft) is interpreted from
geophysical logs by Sanyal et al. (1980). No produc-
tion has been established in the basin, and as Dea-
con and Benson (1971) concluded, test results thus
far indicate low-volume reservoirs of gas.

Dry cuttings samples from the deepest wildcat
well (Halbouty-Chevron 1 J. N. James) were studied
by Geochem Laboratories, Inc. (unpublished data)
for prospective source rocks. Ten sample intervals of
fine sediment having the highest total organic carbon
content ranging from 0.43 to 1.95% were examined.
Organic matter type in the kerogen concentrate is
predominantly woody material with secondary
amounts of herbaceous spore pollen and tertiary
inertinite, indicating the sediments are potential
source rocks for gas but not for liquid hydrocarbons.
Samples from 300 to 640 m (1000-2100 f©) (Pliocene
Idaho Group sediments) are considered thermally
immature based on the greenish light-yellow to
orange-brown coloration of recognizable plant cuti-
cle contained in the kerogen concentrate. Samples



from the interval 11702650 m (3840-8700 ft) (sedi-
ments from below the acoustic basement interface
shown in Figure 3) are interpreted as thermally
mature based on orange-brown to dark-brown col-
oration of recognizable plant cuticle kerogen (stage
2+ to 3 alteration). Only two wells (Halbouty-
Chevron 1 J. N. James and Champlin Petroleum 1
Deer Flat) have penetrated this deeper section. Ques-
tionable solid hydrocarbon material was found in the
Halbouty-Chevron 1 J. N. James well, and successful
drill-stem testing could not be done on the prospec-
tive zones in the Champlin Petroleum 1 Deer Flat
well.

Geothermal gradients in the western plain basin
are relatively high, ranging from 30 to 40°C/km
(16.5-22°F/1000 ft) (Wood and Anderson, 1981;
Blackwell, 1989). Several exploratory wells were
drilled for geothermal water in the 1980s (Table 2),
but significant water production has been 74°C
(165°F) or less. The present study is based on data
from a geothermal aquaculture project.

In the study area near Caldwell, Idaho (Figure 5),
Oroco Oil and Gas Co. drilled the 1 Richardson
wildcat well in 1955 to a depth of 926 m (3036 f). A
production test of the lower 50-ft interval initially
flowed methane at 50 mcf/day, but rapidly dwindled
to a low flow (Newton and Corcoran, 1963). The
well currently produces artesian geothermal 40°C
(105°F) water that flows at a rate of 3.1 L/s (50
gal/min), and has a surface shut-in pressure of 0.17
MPa (24 psi). The well is presently obstructed below
769 m (2524 ft). A temperature log to that depth
shows a temperature of 64°C (148°F), and flow of
geothermal water entering the well through several
places where the casing was broken by explosives.

To support a geothermal aquaculture operation in
the same area, in 1988 the J. R. Simplot Co. complet-
ed a 342-m (1120 ft) well (G1 on Figure 5) into a
fine sand aquifer, with an artesian flow of 39°C
(101°F) water at a rate of 25 L/s (400 gal/min) and a
shut-in well-head pressure of 0.22 MPa (32.5 psi). In
1989 a second well (G2 on Figure 5) was drilled to
686 m (2250 ft) to explore the deeper and hotter
sands indicated on the original logs of the Oroco 1
Richardson well, but drilling difficulties prevented
completion of the well. Examination of rotary cut-
tings from these wells now allows lithologies to be
associated with the reflections on the seismic sec-
tions and the character of the geophysical logs.

SEISMIC STRATIGRAPHY

The emphasis of this paper is on the interpreta-
tion of a clinoform structure on seismic sections,
illustrated in Figure 6, that is now buried 305 m
(1000 f) beneath the plain. The upper 0.7 s (approx-
imately 760 m or 2500 ft) of high-resolution seismic
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records show three distinct seismic facies units.
These units will be described in terms of seismic
facies shown best in Figure 6a and then calibrated to
geological data from boreholes.

The uppermost unit (unit 1) contains four high-
amplitude, continuous reflections, each separated by
low-amplitude or reflection-free intervals about 0.04 s
(43 m or 141 ft) thick. The basal reflections of this
unit are inclined northward from 0.24 to 0.31 s
(about 250 to 300 m or 800 to 1000 ft). Strong reflec-
tions are continuous over 300 to 500 m (985-1640 ft),
and their terminations generally overlap by 150 m
(492 ft) with an adjacent, continuous, strong-ampli-
tude cycle. Some strong reflectors show subtle low-
angle onlap to the south with underlying reflections.

The next unit (unit 2) is typically four or five adja-
cent cycles of strong-amplitude reflections, which
are continuous for about 1 km. The upper reflec-
tions overlap, climb in elevation to the south, and
generally terminate to the north and east into the
basal reflection-free interval of unit 1. The lower
reflections of unit 2 are the upper topset segment of
a complex sigmoid-oblique progradational reflection
configuration (using terminology from Mitchum et
al., 1977, p. 125). This unit has the highest amplitude
reflections on the profile, and is about 0.05 s (50 m
or 165 1) thick.

Below unit 2 are the clinoform reflectors of the
progradational reflection configuration with a 5° depo-
sitional dip to the northwest. This interval is labeled
unit 3 on Figure 6a. These clinoforms have mostly
oblique toplap relationships with the topset reflectors
of unit 2, although some may be crudely sigmoid. The
upper clinoforms segmenits are less than 400 m (1312
ft) long. Amplitude of the clinoform reflections in this
unit (unit 3) varies from strong, where the unit is thin
in the south, to very weak, where the unit thickens to
the north and west. The lower segments of the clino-
forms as they flatien are continuous for about 1.2 km
(1 mi), and some have relatively high amplitude. The
lower segments have a downlap relationship to under-
lying reflectors of lesser dip.

Below unit 3 are reflectors with low dips to the
north, which are probably the distal ends of the
progradational configurations. The reflections
appear to have high amplitude and ringing of lower
frequency wavelets, partly as a result of the natural
loss of high-frequency content and partly as a result
of the data processing parameters that emphasize
resolution in the upper section.

LITHOLOGY AND LOG EXPRESSION OF SEISMIC
FACIES UNITS

The Simplot Aquaculture 2 Simplot Geothermal
well (G2 on Figure 5) was drilled through the strati-
graphic interval of seismic facies units 1, 2, and 3.
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The well was drilled with a truck-mounted rotary rig,
using bentonite mud to control artesian flow. The
mud line did not have a desander so fine sands cir-
culated with the mud. This and other drilling prob-
lems resulted in an uneven quality of cuttings; nev-
ertheless, sand units could be detected by a flush of
sand in the cuttings. Samples were taken at 3.3 m
(10 ft) intervals and washed through a stack of
sieves, the finest sieve being #200 (0.074 mm). The
relative amounts of sand and grain-size distribution
are estimated from sieve analysis. The samples were
examined and described with the use of a binocular
microscope. The carbonate content of the clay and
mud cuttings was estimated using criteria on Table 3,
and colors were described using the Munsell system
(Munsell Color, 1990). These attempts to quantify
examination of cuttings of poorly consolidated sedi-
ment will prove useful in future studies comparing
outcrop and other well data.

The lithology of the section can best be understood
by viewing Figure 7, and will be discussed starting at
the bottom of the figure. The deepest sediment from
which cuttings have been recovered and examined
from the study area is calcareous claystone, which
dominates the lithology from 689 to 375 m (2250-1230
fo). This stratigraphic interval corresponds to unit 3 and
underlying strata of the seismic profiles (Figure 6).
Within this section of calcareous claystone are several
fine-grained sand units about 7 m (20 f©) thick, some
showing log profiles suggestive of fining-upward beds
(Figure 7). Correlation of gamma and resistivity logs
from 1 Richardson to 2 Simplot Geothermal wells (Fig-
ure 7) is consistent with the down-to-north deposition-
al dip of this stratigraphic interval, as interpreted from
the seismic sections.

Resistivity logs in Figure 8 show gradually
upward-increasing resistivity from 457 m (1500 £t) to
the top of seismic unit 3 at 366 m (1200 ft), indicat-
ing diminishing clay content and increasing silt and
sand content upward in the sequence. This log char-
acter distributed over a thickness of 100 m (328 ft) is
considered characteristic of distributary mouth-bar
deposits of a prograding marine delta sequence by
Coleman and Prior (1982) and Serra (1986). This
coarsening-upward character may be too gradational
to detect in cuttings, core, or outcrop of a claystone
or mudstone; however, it is clearly the log signature
of the transition from the prodelta facies to the delta-
plain facies.

Overlying the relatively thick section of calcare-
ous claystone is the principal sand facies, corre-
sponding to seismic unit 2. Resistivity logs (Figure 8)
show the sand is made up of several 3- to 7-m-thick
beds, separated by thin clay beds about 1 m thick.
Fine stratification (beds less than 20 cm), if present,
cannot be resolved because the 16 in. (0.5 m) nor-
mal resistivity log cannot detect such thin beds. Cut-
tings and sand produced during well development
are loose, very well sorted, and fine grained, having



112 Snake River Plain, Idaho
DEPTH DI(:‘}E’H-I LITHOLOGY
) (© 1 Richardson 2 Simplot Geothcrmal
0 -— Grarel and coasse sand.
GAMMA RAY GAMMA RAY Ssnd, white (LOYR &/1), madlum Ne pralned, eorted, submoguhar
wd thin 2t beds.
RESISTIVITY Gravet and coarse £and, askestlc with lahic dnts
200 . o e 09 e
_— frigments, 20d sty day xud sdle, pellowish gouy (5Y771)
100 ——— Gravel and coxrse 510d Inyers, subround, arkostic RIih Ihibie dasts.
! FLUVIAL
400 = (stltstone, sand, — Sandy sih, ndy sty elloish g (mm mdmlr!ynlﬂm
vel 31 rxgmicats, rare
- & gravel) el g
N kst o gy o
600 _ d noncaleare
200-] [ RESISTMVITY ==
-— gﬁr;m FRONT & PLAIN =
e-grained Sandy mul owish , modesately alarcons, 2bundant
=800 sand & mud] g - "\ y y&lﬂ %’l)ﬂld slley dzy pinkish gray (SYRA/1),
T "\, mnahr:om, soft
B a hn‘i. ubéuﬂ::l‘ydﬂﬁ ;n;lgm grained, white (5Y8/2) with Liace
300 1000 _ mm# mud,:;:.bm: 4 With rage fish boocs 2nd pelecypod-
I Mnd, 15 zbove, and iy, sl sak f
- DELTAFRONT & ‘ s,:: :;,mm s:: [:x w:m b .:..; !; deds,
{well-sorted, well saried, white witt He
= — ﬂne-grajncd _ aud ﬁ.v.xﬂﬂw ($Y6/1) and ;Mnmy( ﬁ/'n).
1200 sand)——___{ sllghty and
200- mgwm@ e
- one, vty e pra ried, alare
1400 PRODELTA SLOPE |
(calcareous = —
~- . claysatone)
1600 - . - an
500 - e Himen e ek Mgy G o
a0 samples, but presumably very fioe gralned.
~ 1800 -
- - - e Sand, very line grained, well sorted, white wish blark spedcs, 23 above
600~ Qaptonc, very Hght gray (5Y7/1), and clive gray (5¥5/2), quite calaaresus
I-2000 -
INTERBEDDED Sand), very fine gratned, vell tinlng upward )
9200 DENSITY-FLOW _ Mnﬁo‘:ﬂnuw bgmub% Clapst o I‘P‘ pri b
700
- 2400 i
Figure 7—Normal resisitivity and gamma-ray
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a mean diameter of 0.1 mm (¢ = 1, with one stan-
dard deviation of 0.5¢). Log profiles are interpreted
as both massive beds and beds that coarsen
(become less silty) upward. The logs show that
sands are separated by thin clay beds. The Simplot
Aquaculture 1 Simplot Geothermal well was com-
pleted with a 6-m screened interval in this sand.
Pump testing of this 6-m section indicated z
hydraulic conductivity of the screened section of 12
m/day, equivalent to a permeability of 1.0 d.

Between 457 m (1200 ft) and 107 m (350 ft), the
stratigraphic interval corresponding to seismic unit 1,
are numerous layers of well-sorted fine sand
interbedded with moderately to slightly calcareous
mud. The sand beds are typically 3 to 12 m (1040
ft) thick. Woody and carbonaceous material are
abundant in silt cutlings. Above 60 m (200 ft), the
mudstones are noncalcarcous, and the sands are
mostly medium grained with some coarse-grained
sands and gravels.
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Table 2, Deep Petrolenm and Geothermal Exploration Wells®

Total
Map Depth Bottom
Symbol Operator, Well Name, Date Location () Pormation
EO1 Sinclair 1 Bastern Oregon Land Co. (1955) SW, Sec. 15, T168, R44W 4888 unknown
MB1 Oroco 1 Mcbride (1955) SE, Sec. 19, T16S, RA4GE 4506 unknown
OI1 Ore-Ida Foods/DOE 1 Ore-1da (1979) NE, Sec. 3, T18S, R47E 10,054 Miocene(® basalt
KPr1 H. K. Riddle 1 Kiesel Estate (1955) SW, Sec. 8, T19S, R47E 5137 unknown
ER1 Idaho-Oregon Prod.Co. 1 Elvert-Recla (1950) Sec. 19, T19S, R44E 4611 unknown
TSt El Paso Natural Gas t Pederal Spurrier (1955) NE, Sec.5, T20S, R44E 7470 unknown
Ci Phillips Petroleum Geothermal Al Chrestesen (1980) NW, Sec. 2, TI1N, R6W 7978 granite
BC1 Oroco-Simplot 1 Betty Carpenter (1955) Sec. 4, TBN, R5W 2775 Idaho Group
Vi1 Oroco-Simplot 1 Virgil Johnson (1955) SE, Sec.27, T8N, R4W 4040 unknown
V2 Bl Paso Natural Gas 2 Virgil Johnson (1956) SE, Sec. 27, T8N, RAW 3522 Idaho Group
1D1 Oroco-Simplot 1 Ted Daws (1955) NE, Sec. 34, 18N, R4W 1682 Idaho Group
HLL1 - SOCAL 1 Highland Land & Livestock (1972) Sec. 24, T6N, R5W 10,682 Miocene basalt
Ws1 El Paso Natural Gas 1 Webber State (1956) SW, Sec. 16, T5N, R3W 4522 Idaho Group
HL1 Sundance 1-30 Hunter-Linning (1983) Sw, Sec. 30, 'ISN, R3W 3555 Miocene basalt
R1 Oroco 1 Richardson (1955) NW, Sec. 19, T4N, R3W 3000 Idaho Group
SG2 Simplot Aquaculture 2 Simplot Geothermal (1989) NW, Sec. 19, T4N, R3W 2250 Idaho Group
JNJ1 Halbouty-Chevron 1 J. N. James (1976) SE, Sec. 27, T4N, R1W 14,000 "Tertiary volcanics
H1 Roden-Anschwmz 1 Higgenson (1972) NW, Sec. 9, T3N, R1w 3610 Miocene basale
DF1 Champlin Petroleum 11-19 Upper Deer Flat (1981) NW, Sec. 19, T2N, R2W 9047 Miocene basalt

*Locations shown in Figure 2.

INTERPRETATION OF SEISMIC FACIES UNITS

Seismic facies unit 3 is interpreted as the prodelta
clay facies of a lacustrine delta system. The 4 to 5°
dip of clinoform reflectors within this stratigraphic
interval is similar to the slope of modern lacustrine
deltas (Figure 9). The logs through this interval show
it to be relatively monotonous claystone, very gradu-
ally coarsening upward in the upper 100 m, and
interrupted in the lower part by interbedded fine
sand layers. The seismic section (Figure 6a) shows
this unit produces few or no reflections, and is inter-
preted to be characteristic of the monotonous clay-
stone. The reflections within this unit and the higher
amplitude lower segments of the clinoforms are
interpreted to be intercalated sand layers on the
prodelta slope, and density-flow sand accumulating
as downlapping layers at the base of the slope.

Seismic facies unit 2 is interpreted to be the delta-
front and delta-plain sand facies. This unit is the
topset interval of the progradational reflection con-
figuration. Unit 2 contains the principal sand
aquifers in this section because of the relatively thick
and very well-sorted sands of the delta front.

In Mitchum et al. (1977, p. 128), seismic facies
units 2 and 3 would be considered a single seismic
facies unit of a prograding depositional system. The
units are discussed separately in this paper because
of the great difference in lithology and permeability
between the sand of unit 2 and the predominant
claystone of unit 3.

Seismic facies unit 1 is interpreted as the delta-

Table 3. Terminology for Carbonate Content of Well
Cuttings Used in Figure 7: Response to 10% HCI, Cold*

Very calcareous: sample reacts violently, floats on top of
acid and moves about the surface (90-100% CaCO3).

Calcareous: sample reacts immediately but only moderately
and jumps off bottom every 0.3—1 s, moves about in acid
between bottom and surface (50-90% CaCO3).

Moderately calcarcous: Sample reacts slowly at first, but
accelerates o a continuous reaction after 2 minute or two
with some bobbing at the bottom (50-10% CaCOy).

Slightly calcarcous: very slow reaction, bubbles evolve one
at a time, with several seconds between release of each
bubble (<10% CaCO3).

Noncalcareous: sample put into warm HCl to verify that no
bubbles are released.

Dolomitic: purc dolomite effervesces only when crushed or
abraded and pur in cold 10% acid or put into warm acid; if
dolomite is suspected, it can be verified by digestion in
warmer or stronger acid or by staining methods.

*Modified after Exploration Logging, tnc. (1981).

plain, fluctuating-shoreline, and river flood-plain
facies. The uppermost calcareous muds (about 65 m
or 215 ft deep) are an indication of a lacustrine envi-
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Figure 8—Detailed resistivity log of Simplot Aquaculture
2 Simplot Geothermal well showing fining-upward sand
layers in the prodelta facies, the gradual upward-
increasing resistivity in the prograding prodelta clays,
and the abrupt contact and high resistivity of the delta-
front sands.

ronment; however, interbedded grave] and coarse
sand indicate fluvial systems, and lakeshore environ-
ments may have alternated during deposition of this
unit. Abundant woody material in parts of this unit
indicates a delta-plain environment, and muds may
be interdelta bays and lagoons.

SLOPE GEOMETRY OF LACUSTRINE DELTAS AND
CLINOFORM REFLECTIONS

The key to identifying the delta system is recogni-
tion of the unit with clinoform reflections as the
prodelta slope. To verify that this is indeed the
prodelta slope, bathymetry of modern lakes was
examined. Two studies of the geometry of modern
lacustrine deltas (Born, 1972; Miiller, 1966) are suffi-
ciently detailed to use as a model of the features
seen on seismic sections and well logs. Profiles of
modern deltas of the Truckee River in Pyramid Lake
of Nevada, and of the Rhine River into Lake Con-
stance, are shown in Figure 9. These delta bathymet-
ric profiles are nearly identical to clinoform reflec-
tions on the seismic sections (Figure 6). Prodelta
slopes of these modern lacustrine deltas are 2 to 6°.
Seismic sections showing clinoforms of a prograded
fluvial-dominated marine prodelta (Figure 10b)
closely resemble the slope geometry of lacustrine
dcltas shown on Figure 9).

A point of confusion still exists among some geol-
ogists working with seismic data but using ideas of
delta deposition from older literature dating back to
Gilbert (1885). Large-scale morphology of bedded
delta deposits is vastly more complex than Gilbert’s
illustration (Figure 10a) for the form of bed-load
material deposited by a stream issuing into a body of
still water. The illustration describes internal sedi-
mentary structure that occurs in some sand layers at
the delta front, but it is not generally applicable to
all sand layers. The term “Gilbert delta” still pervades
geological literature and is a common misconception
for the shape of all delta deposits. The feature
Gilbert described should be called “Gilbert bedding”
because it is a form of stratification of one type of
bed, and is not a characteristic of the delta as a
whole. The distinction is appropriate here because
the true- scale diagram of Gilbert bedding is nearly
identical in appearance to the appearance of the
prodelta beds shown on a seismic section with a 10x
vertical exaggeration (Figure 10b). This apparent
similarity of geometry is a matter of display scale.
The foreset beds of Gilbert bedding may constitute a
sand unit 2 to 30 m (7-100 ft) thick, with internal
stratification dipping 8 to 33°, whereas the seismical-
ly displayed prodelta unit is in reality a mud or clay
unit several hundred meters thick with internal strati-
fication dipping only 2 to 6°.

FINE-GRAINED DELTAS AND COARSE-GRAINED
DELTAS

Recent literature on zlluvial deltas distinguishes
between deltas that have steep delta-face slopes
composed of coarse clastic material, and deltas that
have gently sloping delta-face slopes composed
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Figure 9—Profiles of modern lacustrine deltas showing the delta front and the prodelta slope. Data sources arc
Lake Constance (Miiller, 1966); Lake Laitaure (Axclsson, 1967); Lake Maracaibo (Hyne ct al., 1979); and Pyramid

Lake (Born, 1972; Russell, 1885).

mostly of fine sand and mud (Nemec, 1990). In the
“coarse-grained delta,” gravel and coarse sand beds
are deposited at the delta front; these deposits are
characteristic of braid deltas and fan deltas (McPher-
son et al., 1987). Coarse-grained deposits do not
occur in the delta-front deposits described in this
paper.

The delta described in this paper is a fine-grained
delta because only fine sand is deposited at the delta
front. Stanley and Surdam (1978) describe a lacus-
trine-delta sequence of mostly fine sand and mud in
the Laney Member of the Green River Formation. In
this delta only medium to fine sand sediment, along
with suspended silts and clays, was transported to
the delta front. Presumably, this delta is the deposit
of a large river system where sediment is transported
over a long, low-gradient flood plain and delta plain
to the lake edge, a considerable distance from the
source of coarse clastic material. The sand beds are
30 m thick, with an internal stratification as
described by Gilbert (Figure 10a). Therefore, the
Gilbert type of internal stratification also occurs in
tabular bodies of fine sand; however, examination of
fine-grained delta systems in the Green River Forma-
tion on a broader scale may show that much of the
sand bedding is horizontal and not angle-of-repose
bedding at the delta front.

Beyond the delta front is the prodelta slope,
formed mostly by the deposition of the suspended
load of silt and clay, as illustrated in Figure 11. Slopes
of the prodelta beds are generally a few degrees (Fig-
ure 9). The prodelta deposits, however, make up
most of the volume of deposits of the fine-grained
deltas, and also are the most easily identified part of
the delta on seismic sections. The zone of gently
inclined bedding of the lacustrine prodelta extends at
least 300 m (1000 f©) horizontally, and more typically
1500 to 2000 m, (5000-6500 ft) beyond the delta front
(see examples in Figure 9). The vertical drop over
the slope of Gilbert foreset beds seen in outcrop is
often used as an indicator of lake depth; however,

the vertical drop of the low-dipping prodelta slope
deposits commonly is much greater and is a better
indicator of the total depth of the lake basin. As statr-
ed by Stanley and Surdam (1978), thickness of the
Gilbert-type sequence is an indicator of the depth of
water into which bed-load deposits prograded, but
not the depth of the lake basin itself.

EVIDENCE FOR DENSITY-FLOW ORIGIN OF SAND
IN THE PRODELTA DEPOSIT

Sand layers are relatively rare in the thick
sequence of the prodelta calcareous claystone
described in this paper; nevertheless, several high-
amplitude seismic reflections do occur from the
lower part of this unit (Figure 6), and indeed, the
resistivity logs show layers of fine sand 3 to 7 m
(1020 ft) thick in the 2 Simplot Geothermal well at
depths of 518 m (1700 ft), 579 m (1900 ft), and 640
m (2100 ft) (Figure 7). All of these sand layers have
resistivities less than 15 ohm-meters, much less than
resistivities of the clean-sand aquifers at 335 m (1100
ft). Although drilling problems prevented collection
of good cuttings from the well, the resistivity logs
show that the layers at 640 m (2100 ft) are fining
upward. This kind of graded bedding with better
sorted, coarser grains at the base of the bed, sug-
gests a density-flow mechanism for dispersal of
sands into layers several to 10 m (33 ft) thick on the
prodelta slope. Sturm and Matter (1978) describe
prodelta slope deposits in Lake Brienz, Switzerland.
In the bottom sediments about 5 km (3 mi) from the
delta front, they found centimeter-scale graded fine
sand and silt beds, deposited annually with laminat-
ed calcareous mud, and rare thick beds (up to 1.5 m
or 5 ft) of sand. Sturm and Matter attribute the annu-
al thin sand layers to low-density turbidity currents
during high discharge that travel in channels down
the delta slope and spread on the flat lake floor.
They attribute the thick layers to high-density turbid-
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ity currents of catastrophic floods that occur once or
twice a century. These floods could produce a rapid
accumulation of delta-front sands on angle-of-repose
slopes that fail to produce turbidity flows and thick
sand units beyond the delta front. Sand layers shown
by the logs (Figure 7) are thicker than those
described by Sturm and Matter (1978); however, they
may be of similar origin.

Further evidence of the graded nature of these
beds is gained from attempts to develop these layers
for artesian flow of hot water. Casing was run to the
top of sands at 649 m (2130 ft), and 9 m (30 ft) of
well screens set across these sands, resulting in a
flow of only 2.5 L/s (40 gal/min) of 40°C (141°F)
water detected by downhole flowmeter and temper-
ature logging. The test was an imperfect measure of
the artesian flow from the zone because of a leak in
the annular packer at 336 m (1200 f©), which allowed
pressure of about 0.15 MPa (21 psi) and flow of
about 9.5 1/s (150 gal/min) from the upper sands to
enter the hole at this higher level. Nevertheless, it
appears from the resistivity log and the flowmeter
test that these deeper sand layers yield only small
flows and have lower permeability relative to shal-
lower sands. Because of their graded stratification,
only the thin basal part of the sands may be clean,
sorted, and have good permeability.

IMPLICATIONS FOR LAKES IN THE WESTERN
SNAKE RIVER PLAIN BASIN

The delta sequence described in this paper
records an episode of sediment infilling of Pliocene
Lake Idaho. Relief of the prodelta slope on the seis-
mic section (Figure 6a) is 180 m (600 ft). Decom-
pacting this thickness of prodelta mud by an estimat-
ed 120% implies an original prodelta slope relief of
about 255 m (840 ft). From this, one can conclude
that the prodelta was prograding into a lake that was
about 255 m (840 ft) deep, and that the delta was
prograding northward. Seismic data to the east of the
Caldwell study area also show a similar prograding
sequence with a slope facing northwestward (Wood
and Anderson, 1981); these directions of prograda-
tion are shown on Figure 2.

The following discussion attempts to reconcile the
relatively low elevation of the delta system pre-
served in the middle of the basin with the much
higher elevation lake deposits exposed around the
margin of the basin, generally within 130 m (430 f)
of an elevation of 1000 m (3300 ft). The interface
between the prodelta mud and the delta sand facies
occurs in shallow water (about 10 m ar 33 ft accord-
ing to modern examples in Figure 9). Therefore, the
base of the delta sands can be regarded as about
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lake level at the time of deposition.

The top of the buried prodelta facies in the Cald-
well area is at elevation of 405 m (1330 ft), consider-
ably lower than the present bedrock sill at Cobb
Rapids (634 m, 2080 ft), and much lower than the
highest lake deposits near the present outlet, which
are 850 to 975 m (2790-3200 ft) near Huntington,
Oregon. The top of the prodelta is identified on the
resistivity logs of four other wells generally in the
center of the basin, and the elevation is shown in
brackets on the map (Figure 2). These elevations
range from 437 to 504 m (1433-1653 ft), up to 100 m
(330 ft) higher than at Caldwell. It appears that the
deltaic sequence at Caldwell has subsided about 445
to 575 m (1460-1900 f) from the level of the highest
lake deposits since it was deposited. Differential
compaction and a small tectonic component may
account for the higher elevation in the other wells.
The amount of compaction subsidence can be esti-
mated for a horizon that is now 405 m deep, (1330
ft) and underlain by about 853 m (2800 ft) of mud-
stone. Using the method of Sclater and Christie
(1980) programmed for pc-computer calculation by
Hsui (1986), the calculation suggests compaction
subsidence at Caldwell may be about 220 m (720 ft).
The remaining 225 to 325 m (740-1060 ft) can be
attributed to tectonic faulting and downwarping of
the center of the basin. This tectonic component
agrees well with 180 to 370 m (600-1200 ft) of offset
of Tdaho Group sediment typically observed on the
boundary normal faults on the north side of the
plain (Figure 3) (Wood and Burnham, 1987). There-
fore, the relatively low elevation of the delta
deposits can be reconciled with the higher elevation
of remnant lake deposits on the basin margins by
taking into account compaction and tectonic fault
displacement and downwarping.

Position of the delta in the middle of the basin
(Figures 1, 2) suggests that at the time of deposition,
the upper southeastern two thirds of the basin was
delta plain and flood plain, and the lower northwest-
ern third was a deep lake environment. The fact that
prodelta deposits slope north and northwest (Figure
2) indicates that a2 major source of sediment lay to
the southeast, just as the Snake River flows today.

The previous discussion provides some insight on
the history of the lake and its outlet. During part of
the history of the basin, the lake may have had only
an ephemeral outlet; much of the inflow may have
evaporated. Present inflow to the basin averages 16
x 109 m3/yr. Typical annual evaporation from reser-
voirs in the Snake River plain region is about 1 m (3
ft), and this interior continental region evaporation
may have been similar during the Pliocene. At the
maximum areal extent shown in Figure 1, a surface
area of 13,000 km?2 (5000 mi?) evaporation could
have exceeded 13 x 10% m3/yr, an amount that nearly
equals the inflow, so that in some years most or all
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of the inflow may have evaporated. The general lack
of evaporitic facies in the Glenns Ferry Formation
(Kimmel, 1982) is evidence against a closed basin
environment. Although gypsum is common in the
older Chalk Hills Formation, little is reported in the
Glenns Ferry Formation. Deposition of oolitic sands
on shorelines and assemblage of fish fossils led
Swirydczuk et al. (1980) to suggest a water environ-
ment similar to that of the present Pyramid Lake,
Nevada. This analogy is further supported by the
abundance of calcareous claystone in the prodelta
facies (Figure 7) that is similar to the prodelta clay of
Pyramid Lake, which was examined by Swain and
Meader (1958). Pyramid Lake waters are 5% total dis-
solved solids and have an alkaline pH of 9. There-
fore, evaporation appears to have significantly
increased alkalinity and chemical concentration in
Lake Idaho over the 0.01% total dissolved solids of
inflow streams. Occasional outflow prevented the
water from becoming saline.

At the time of deposition of the deltaic sequence,
near Caldwell, the upper two-thirds of the basin was
a river flood plain and the surface area of the lake
may have been reduced to one third of that shown
in Figure 1, or about 4000 km? (1500 mi?). As the
lake area was reduced by sediment infilling, reduced
evaporation must have allowed the lake level to rise
in a closed basin and ultimately spill into adjacent
basins.

Many workers have cited pzleobiological evi~
dence of freshwater mollusks and fish as evidence of
a former course of the Snake River through eastern
Oregon to the Klamath basin of California (Malde,
1991) shown in Figure 1. No physical evidence for
such an outlet channel has been found, although if
lakes only occasionally spilled into other closed
basins, a deep canyon might not have been cut nor
the fluvial sediment preserved. Details of the lake’s
past spill points and chemical history of its waters
remain a fascinating puzzle for future research,

The lake was eventually doomed, with waning
rates of tectonic subsidence in the western plain in
the late Pliocene (Clemens, 1993), and as sediment
displaced the lake area causing a reduced area for
evaporation. The lake waters finally overtopped a
spillway into the Columbia—Salmon rivers drainage
near Huntington, Oregon. Timing of the capture of
the waters of the Snake River drainage basin appears
to be about 2 Ma (Malde, 1991; Othberg, 1992). It is
tempting to correlate the final lake rise with the cli-
matic change that heralded the northern hemisphere
ice ages, which, on the basis of the marine
oxygen—~isotope record, Shackleton and Opdyke
(1977) place at 2.5 m.y. Benson (1981) shows that
100-m (330-ft) lake-level rises in the Lake Lahontan
basin were caused by paleoclimate fluctuations in
the late Pleistocene. Such lake-level rises also likely
occurred in the early Pleistocene and overtopped
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the basin sill. Once the new outlet was established,
the river would have eroded the sill and deepened
the ancestral Hells Canyon. Present geomorphology
suggests that Dead Indian Ridge near Weiser, Idaho,
was the sill (Figure 2), and that the outlet has cut
down about 215 m (700 ft) to the present river level
of 635 m (2080 ft) at Cobb Rapids, where it descends
into Hells Canyon.

CONCLUSIONS

Neogene lake sediments of the western Snake
River plain provide an example of a lacustrine delta
and prodelta system that can be identified in the sub-
surface by seismic reflection patterns. The key to rec-
ognizing the delta system is progradational clinoform
reflections of the prodelta mud and clay facies detect-
ed on seismic sections oriented normal to the direc-
tion of progradation. The clinoforms have 2 2 to 6°
depositional dip, which is similar to the prodelta
slopes of modern lakes. Upper ends of the prodelta
clinoforms are overlain in a toplap relationship by
strong amplitude, near-horizontal reflections from the
delta-front sands. Delta~front sands are expressed by
several to 5 cycles of strong amplitude reflections,
each continuous for several hundred meters. The
prodelta can be identified on resistivity logs as a
gradually coarsening upward mud unit typically 100

Figure 11—Draw-
ing of a lacustrine
delta environment,
with a 10X exagger-
ated vertical scale,
showing distribu-
tion of sand units
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nantly mud and
clay sequence.
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m (330 ft) thick and abruptly overlain by high-resis-
tivity sands of the delta front. The downward distal
ends of the prodelta clinoforms have a downlap rela-
tionship to underlying strong amplitude reflections of
density-flow sand layers. Density-flow sands 3 to 7 m
(10-25 ft) thick are identified on resistivity logs of
boreholes by a fining-upward character.

In the delta described here, the delta-front sands
are well sorted and fine grained. The prodelta sedi-
ment is mostly calcareous mud and clay with interca-
lated layers of density-flow sands in the lower part.

On an exaggerated vertical-scale seismic section
the prodelta reflection patterns have the appearance
of the true-scale diagram of a Gilbert delta. It is a mis-
conception that these large delta systems resemble
the Gilbert delta with steeply dipping foreset beds.
Foreset bedding is a relatively small-scale feature lim-
ited to internal bedding of sands, whereas the
prodelta slope is less than 6° and is mostly mud and
clay.

The delta system described here is the first major
depositional system identified for deposits of the
Idaho Group, and provides some insight into the his-
tory of Pliocene Lake Idaho. The delta facies occurs in
the center of the basin and has subsided 445 to 575 m
(1460-1900) with respect to sediment exposed on the
basin margins. Estimated subsidence from sediment
compaction is about 220 m (720 fi), leaving about 225
to 325 m (740-1060 ft) attributable to tectonic down-



warping and faulting. The prodelta slope relief, cor-
rected for compaction, indicates a lake basin about
255 m (840 ft) deep at the time of delta deposition in
the center of the basin.

Position of the delta in the northwestern part of the
basin indicates that the southeastern two thirds of the
original lake area of about 13,000 km2 (5000 mi? had
filled by the time the delta sequence had reached
Caldwell, Idaho, so that the existing lake area was
about 4000 km2 (1500 mi?. The large surface area of
the early lake could have evaporated most of the
annual inflow, suggesting the lake only occasionally
spilled into other basins. As lake-surface area was
reduced by sedimentation, evaporation diminished,
and the lake level rose. Onset of the northern hemi-
sphere ice ages further reduced evaporation and per-
haps triggered a lake-level rise that overtopped a
basin sill near Weiser, Idaho, and spilled into the
Columbia—Salmon River drainage about 2 m.y. Pre-
sent geomorphology near the spillway suggests the
Snake River subsequently cut down the spillway
about 215 m, (700 ft) and deepened Hells Canyon,
now the deepest gorge in North America.
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TABLE 1-1
Conversion Factors
To Convert from To Multiply by
DISTANCE
inches (in) centimeters (cm) 2.540
feet {ft) meters {(m) 0.305
yards (yd) meters (m) 0.914
miles (mi) kilometers (km) 1.809
centimeters {cm) inches (in) 0.3%4
meters (m) feet (ft) 3.281
meters (m) yards (yd) 1.094
kilometers (km) miles (mi) 0.621
AREA
square miles (sq mi) square kilometers (sq km) 2.589
sq kilometers (sq km) square miles (sq mi) 0.386
VOLUME — MASS
gallons (gal) liters (1) 3.785
ounces (0z) grams (gm) 28.349
liters (i) gallons (gal) 0.264
grams (gm) ounces (0z) 0.035
ENERGY
British thermal units (BTU) calories (cal) 1.996
British thermal units (BTU) joutes (j) 1054.35
calaries (cal) British thermal units (BTU) 0.004
calories (cal) foules (i) 4.186
joules (j) British thermal units (BTU) 0.0009
joules (j) calories (cal) 0.239
GRADIENTS
degrees Fahrenheit/100 ft (°F/100 ft) degrees Celcius/kilometers (°Clkm) 1.822
degrees Gelcius/kilometer (*C/kmy) degrees Fahrenheit/100 ft (*F/100 ft) 0.055
THERMAL CONDUCTIVITY
millicalories {mcal) calories {cal) 0.001
centimeter/second °Celcius {cm/sec °C)  centimeter/second “Celcius  (cm/sec “C)
calories {ucal) millicalories (mcal) 1000
centimeter/second “Celcius {cmisec °C)  centimeter/second “Celcius  {cm/sec “C)
HEAT FLOW
microcalories {ucal) milliwatts/meter? (mwatt/m?) 41.871
centimeter? second {cm? sec)
milliwatts/meter? (mwatt/m?) microcalories (m) 024
centimeter? second {cm? sec)
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CHAPTER 2 - GEOLOGY

By
Spencer H. Wood
and
John E. Anderson?®

" INTRODUCTION

The cities of Nampa and Caldwell lie within the western Snake River Plain. The plain
is a northwest-trending physiographic lowland and contains the incised valleys of two major
rivers flowing to the northwest. The Snake River rises at the far eastern end of the plain and
flows nearly 700 km (435 mi) across the arcuate plain until it turns north and descends
through Hells Canyon and into the Columbia. The Boise River heads in the granitic moun-
tains north of the plain and then flows northwestward until it joins the Snake.

The plain is also a great structural basin formed by downwarping and faulting in late
Cenozoic time (Figure 2-1). The amount of late Cenozoic vertical movement in the western
plain is impressive. The basin-fill sediments and volcanic flows have been drilled to a depth
of 4.3 km (2.7 mi), and Mabey (1976) has suggested the total basin fill may be 7 km (4.4 mi)
or more.

A variety of ideas and models have recently been advanced since Armstrong and
others (1875) published the K-Ar geochronology of silicic volcanics of the plain. Their study
shows that the inception of silicic volcanism becomes progressively younger eastward
across the plain; and that basalt volcanism persists for a long time after the inception of
silicic volcanism. Brott and others (1978) show evidence for increasing values of heat flow
eastward across the plain and emphasizes the significance of the increase in elevation east-
ward across the plain. These features of the plain are modelled by an eastward propagating
thermal event which passed through the western plain 8 1o 16 million years ago and is cur-
rently manifested as dormant volcanism and as the hydrothermal systems of the Yellow-
stone area.

The model of an eastward propagating thermal event coincident with the eastward
development of the plain is reasonably consistent with available data, A similar, but diametri-
cally opposite, pattern of silicic volcanism is recognized as having propagated westward
across eastern Oregon also from the area of the western plain (MaclLeod and others, 1975),
but this system was not accompanied by the formation of a deep structural basin.

The present western Snake River Plain has the appearance of a northwest-trending
graben 50 km (31 mi) wide. The western plain differs from the plain to the east in that the
upper 700 to 1700 m (435 to 1056 ft) of basin fill is mostly sediment, whereas in the eastern
plain the upper section is mostly Quaternary basalt. Although basalt voicanism has been
active during the Quaternary of the western plain, it is not nearly so voluminous as in areas
to the east.

’-

* Department of Geology and;F’h'ysics, Boise State University.
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The main basis for this geological repart of the Nampa-Caldwell area is a study of
available well logs from deep wells in the area (fig. 2-2, and 2-3) and seismic reflection pro-
files (figure 2-4 and 2-5). Field mapping at a 1:24,000 scale was completed for all of the
Nampa, Middleton, Caldwell and Lake Lowell quadrangles and a part of the Melba, Walters
Butte and Given's Hot Springs quadrangles (figure 2-6, shown at 1:62,500 scale in pocket).
Little geologic mapping had previously been done in the relatively featureless and fiat part of
the plain. Previous work by Lindgren and Drake (1904) and Savage (1958) did not recognize
the extensive faulting of the Quaternary Gravels. Mapping utilized the limited exposures in
sand and gravel pits, road cuts and river banks. Mapping of the Snake River Group basalts
in the area relied heavily upon well logs filed by water-well drillers. The recent soil survey of
Canyon County (Priest and others, 1972), and various terraces and topographic surfaces
were also helpful in identifying the surficial deposits. In order to understand the subsurface
stratigraphy a limited amount of detailed mapping was done of exposed strata on the mar-
gins of the plain.

The following section of this report discusses the stratigraphy of subsurface rocks
and of the exposed surficial units. Exposures are quite limited, but localities are discussed in
sufficient detail to allow examination of type sections of the mapping units. The structural
geology of the Nampa-Caldwell area is discussed maore fully in the geophysics chapter.

GENERAL STATEMENT

The thickness of Cenozoic voicanic and sedimentary fill in the westérn Snake River
Plain is at least 4.3 km (2.7 mi} as demonstrated by the section penetrated by the exploratory
well drilled near Meridian, Idaho (J.N. James No. 1). Basement rock was not penetrated.
Because granitic rocks of the Idaho Batholith and associated metamorphic rocks occur in
the mountains north and south of the plain (Taubeneck, 1971; Ekren and others, 19783, and
figure 2-1, it is commonly supposed that these rocks comprise basement beneath the plain.
Although Challis volcanics have not been encountered in deep wells, it is possibie that Chal-
lis volcanics and associated sediments lie deep in the subsurface, beneath the plain,
Numerous, northeast-striking, porphyry dikes of intermediate to silicic composition invade
the granitic rocks along the north margin of the plain. These porphyries have been dated at
40to 42 + 10 million years by the Lead-alpha method in the Lowman area (Jaffe and others,
1959 quoted in Armstrong, 1974) and may have been feeder dikes to Challis volcanism. The
Challis volcanic sequence is at least 1,200 m (3900 ft) thick in the central ldaho Mountains
and may be as thick as 3,200 m (10,500 fi} (Cater, et al., 1973). Challis-aged volcanics are
also mapped in the eastern Owyhee Mountains by Ekren and others (1981) where they may
be greater than 300 m (985 ft) thick.

in this report, the subsurface stratigraphy (figure 2-2) expected in the Nampa-
Caldwell area is based upon the lithologic and geophysical logs of the 4.3 km deep Meridian
well (J. N. James No. 1) and a limited amount of information from the Champlain Oil Com-
pany (Deer Flat No. 1) well recently drilled and abandoned south of Nampa. Interpretation of
seismic reflection profiles discussed in Chapter 6 provides considerable stratigraphic infor-
mation and shows that the section in the J. N. James No. 1 well may not be entirely repre-
sentative of the western Snake River plain because it is drilled on a structural high with at
least 700 m (2100 ft) of relief (figure 2-4). Some rock units similar to those encountered in the
well are described from exposures at a number of localities on the margins of the plain by
Malde and Powers (1962), Kittleman and others (1965), and Ekren and others (1981). Corre-
lation of subsurface units to exposed sections can be made for some distinctive lithologic

i1



DINad] AGL GROUPS &
{feet) FORHMATIONS
[~ Snake River Grol

DESCRIPYION DEPH
(neters)

Jerrace gravels of the doisc River drain

arl gray, 1itano-avgite,plagfoclase,

. Py salt,
Pletstucene end oliviap, 2 flgws. 3 ta 15 n thick, con-

I fined to lnstan Creek any Lake V1 areps |
. v a (6;::«:["’2;? Yght brown, Fine grained, poarly |
2 :
1000 -~ el & 2
. yStone, medium brawn to Vight gray (Dlde
Plig- o ‘-0‘2' Sdsho clay 1n water-wall dritler’s o
olei = roup Y1t, sand. ciaystone, Vight brown to gk
eistacene S Chalk Hibhs & gray. Electric logs 1ndicate sands are falr 500
A M asuifers

Po150n Creek
2008 4 Formations,
undiffefentiales

ond gray,very (ine Lo Gedtux grained, fatr
sorting, Eloctedc logs indicate gund agyifer,

Tutf & tuffaccous stirslone. 11ght qreen, with
abundani fragments of {ight pinkish broun
rhyol{tie vuff, I 1002
Basalt, as above with tuff and siltstone

between flows

3600
Dasate 1

(aostly
otivire

|
}
|
1000 ﬁ Lasate)

. ]

Sand, white, very fine to mediun araingd, welt |
sarted, arkosic. (Contains tacry sil snd e
gilsonite tn the J.N. James ao. | weld).

weld), |
Sand, siVtstane, tulf, and welded tuff, inter-
tedded

- 1500
5000 - Basalt. black,pyroxene & plagioctase
R -~
<
6600 -] PYiocene S |gasale 11 Sand, very fiae (o cosrse graines & sitice
2 cerentod sandstone
[ 3 $and, wh{te to 11ght brown, very 7ine ta fine
- grained, poorly sorted I 2000
ttyocene =
43 ¢t Rasalb,eltered 1o a dark graen, zealite {n
000 3 J amygdules.
o
“ Sandstone gray-white, arkosic with Vithic frag-
= menls,very fing to coarse grafaed, rodecately
sorted, _
\ = 5 Stltstone, 1ight to dark brown,)aminated,{nter~
34060 - 2| paseln m E tedded with moderately sorted arkostc sandstons
E P d <aTt, BI3Ck,zenfite 1n amyqdules. — 2500
§ PSR led WiT, very colorfel.qrey-brown-green,

g quarty. and Eloninc)ase phonocrysts.
% 23218, black to dark green interbedded with

{ f [ i \viteic and Vitnic tusfs,

3300 asait, black to dark green, massive thick flows

chalcedony and zeolitn in anygoules.

Sandstone. white to eream, fine to cgarse aratng|l

\tuffaceous.
TuTF T{ght tc redium qrey, welded in part, ashy [~ 3000
tn parl, quartz and foldspar phenocrysts, and
altered glass. Interbedded gray-brown clay and
brawn siltstone.

_%and;lune, milky-white.poorly socrea, cloyey.
wff, as ahove.

10.000 »l

ker Creek TTrvender———"
11,000 - Sucker Cree! Toff, dark green to qrdy and lavender, partly
formstion hard vitric and 13thic tuff. [nterbodded sith
light and dark brown §ilistane F:lsuu
12,600 '

Basalt, dark gray to dark green, abundant euhed-

—{\ral glagioclase laths, subhedrs) [P
RyoTiee-dacite tufl, mottled gray-lavender,

Rhyolites &

13,000 welded tuffs
r— ——

udrtz and dlivine(?) pnenoceysts |
nterbedded vitric and 1thic tuffs ond grey

to Yavender welded tuffs, spheryditic {n pare, | 3000
\ayronne. aaphibole. and quapespnan |
L nd ndesile and Dacite (1) flows & toffsy

phenpcrysts of amphibele and biotige.

—

Macene (1) Older Latites &

14,000 - Basalts,

L L undivided o S5.H. Woad

The generalized stratigraphy of Cenozoic tocks beneaxth the Nampa-Caldwell-Mcreidlian, Idaho, avea ia
Dascc? upon the ).Ltholoqglcplgg of the H.T. Halbouty =~ Chevron, U.S.A. exploratory well near Heridtan
(8ce, 27, T4N, RIW), “J.N. James #l." Rock descriptions are from the cuttings lLog compiled by Hiner
(1976): it 1s not known if any of the volcanic rock descriptions an the log were verified by
petrographic examination. Surtlieial vock and sediment of the Snake River Group in the uppermost
50 m (166 (t) arc shown for complercness, but the Snake River Basalts do aot accur at the well.
Basalts within the fdano Group do not occur ak thfs wall and are not shown, but they are encountered
in the Champlain O{l Co., Deec Flat #1, 22 km (6.7 mi) vo the southwest. Stratigraphic units are
defined by Malde and others (1963), and Ekren and others (1978a), Stratigraphfc units reporcted in
the operaror's rocords of this weil do not cexactly ogree with the intorpreration here. Correlation
of wonlts in this well to exposed racks on the rargin of the plain are discussed in the text.

FIGURE 2-2. Generalized stratigraphy of Cenozoic rocks from J.N. James No. 1 well near Meridian,
Idaho.
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FIGURE 24, East-west geologic cross-section along seismic reflection line 1B-2.
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STRATIGRAPHY
Older Volcanics of intermediate Composition

The J.N. James No. 1 well bottomed at 4,267 m (14,000 ftj in 240 m (800 ft) of vol-
canics variously described as latite, dacite(?), andesite, vitric and lithic tuffs, and minor
basalt. Some of the felsic rock bears phenocrysts of amphibole and biotite. This section
resembles the Miocene or older rocks described by Ekren and others (1981) in parts of the
Owyhee Mountains. Voleanic rocks of intermediate composition are in the Reynolds and
Salmon Creek drainages. Dikes bearing amphibole and biotite phenocrysts occur in the War
Eagle Mountain area (Pansze, 1973). These rocks could also be Challis-aged volcanics
mapped on the south side of the plain by Ekren and others (1981) and on the north side by
Malde and others (1963).

Older Rhyolites and Welded Tuffs

The 195 m (640 ft) section from 3,828 m (12,560 ft) to 4,023 m (13,200 ft) contains a
group of rhyolitic rocks described as gray-to-lavender welded tuffs that contain spherulites.
Other racks of the group are lithic and vitric luffs. According to Hiner (1976) some of the
rocks bear phenocrysts of pyroxene, amphibole and quartz. Because this unit is overlain by
sediments that are considered the Sucker Creek Formation by Warner (1977), these rhyoli-
tes in the well are probably related to the Miocene “gold bearing rhyolites” of Malde and
Powers (1962). A number of rhyolites underlying the Sucker Creek Formation are mapped in
the Owyhee Mountains by Ekren and others (1281). tn particular, the Silver City Rhyolites of
Bennett and Galbraith, (1975) locally exceed 200 m in thicknesses. K-Ar dating on the Silver
City Rhyolites yielded ages of 15.6 to 15.7 + 0.4 million years (Pansze, 1973).

Sucker Creek Formation

A unit of 815 m (2,760 ft) of monotonous brown claystone and siltstone with
interbedded welded and non-welded ashy tuffs, and one basalt flow near the base of the unit
is encountered from 2,865 m (9,400 ft) to 3,828 m (12,560 ft). Descriptions of the cuttings
and the overall character of the unit, and the stratigraphic position are very similar to the
type section of the Sucker Creek Formation of Kittleman and others (1965), and Ekren and
others (1978a) along the Oregon-ldaho border.

Along the northern margin of the western Snake River Plain, much of the area
mapped as Payette Formation by Lindgren (1898, p. 632), Kirkham (1831a or b), and Sav-
age (1958 and 1961) may contain strata correlative with the Sucker Creek Formation; how-
ever, mapping and stratigraphic correlations necessary to establish continuity or
contemporaniety of the formations has not been attempted to date. Kirkham (1931a or b)
defined the Payette Formation as the silty and clayey sediments that interfinger with basalts
of the Columbia River Group in the vicinity of Horseshoe Bend and Weiser. Mclntyre (1976)
found that much of the sediment in the Weiser area identified as Payette Formation by
Kirkham (1931a, or b) was, in fact, overlying the main volcanic sequence in this region. A
basaltic andesite dike cutting the Weiser area sediments yields a whole rock K-Ar age of 10
+ 0.6 million years indicating a late Miocene or older age for the sediments (Mcintyre,
1976).
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Age of the Sucker Creek Formation is lale Miocene based upon Barstovian mamma-
lian fossils collected near the type tocality and middle Miocene based on fiora of Mascall age
(Kittleman, et al., 1965, p. 7). A basalt within the Sucker Creek Formation yielded a
potassium-argon age of 168.7 million years (Evernden and James, 1964, p. 971). The above
age assignments from the Owyhee Canyon area are consistent with four potassium-argon
ages on the overlying Owyhee Basalts (Bryan, 1929) obtained by Watkins and Baksi (1974,
p. 173} that ranged from 13.1 to 13.6 million years.

Basait Section in the J.N. James No. 1 Well

Well logs indicate a 2,100 m (7,000 f{t) thick section of basalt with lesser amounts of
interbedded arkosic and tuffaceous sediments overlie the Sucker Creek Formation. This
basalt section is entirely penetrated by J.N. James Na. 1 well. Basalt is first encountered at a
depth of 728 m (2,390 ft) and the basalt dominated section extends to a depth of 2,865 m
(9,400 ft). Deep wells west of the study area, Highland Land and Livestock No. 1 (TD. =
3.638 m [11,935 ft]) and Ore-lda No. 1 (T.D. = 3,064 m [10.054 ft]) encounter a greater
proportion of fine-grained sediment, much less basalt, and generally thinner basait units
{figure 2-2). Thick flows within the upper 100 to 150 m (300 to 500 ) of this basaltic section
act as the acoustic basement for seismic reflection profiling over most of the western plain.

The following breakdown of the 2,100 m (7,000 ft) section of basalt and sediments is
based entirely upon the lithologic log description of Hiner (1976) and geophysical logs of the
J.N. James No. 1 well where hagsalt is first encountered at 728 m (2,390 ft) depth.

BASALT UNIT | — The lowermost unit of interbedded sediment and basalt extends
from 2,322 m (7,620 ft) to 2,865 m {9,400 ft), a thickness of 542 m (1,780 ft). The lower 189m
(620 ft) is made up of at least two thick basalt flows, described as black to dark green with
zeolite and calcite amygdules. These thick flows rest upon Sucker Creek Formation sedi-
ments. The upper part of this unit is mostly brown siltstone with minor arkosic sandstone
interbedded with thin basait flows. Chevron geologists considered this unit to be a part of the
Sucker Creek Formation (unpublished records on file with the Idaho State Petroleum Engi-
neer, see Hiner, 1976).

BASALT UNIT I — A 884 m (2,900 ft) thick unit of basalt, extends from 1,438 m
(4,720 1) to 2,322 m (7,620 ft). This unit consists of about 60 percent thick flows of pyroxene--
plagioclase phyric basalt and about 40 percent moderately-to-poorly-sorted, fine to coarse
grained, arkosic sandstone. Absence of visible olivine in the flows is inferred because it is
not mentioned in the well log (Hiner, 1976). {dentification of such phenocrysts in basalt on
field lithologic logs must be regarded with caution for it is unlikely that the drilf cuttings were
viewed in thin section with a petrographic microscope.

BASALT UNIT il — The uppermost basalt unit from 728 m (2,390 ft) to 1,438 m
(4,720 ft) is composed of 520 m (1,700 ft) of dark grey to black, olivine basalt with minor
interbeds of arkosic white sand, welded and non-welded tuff, and siltstone and claystone.
The lithologic log describes cuttings of a light-pinkish-brown rhyolite tuff from the upper part
of this unit. Such a distinctive rock may serve as a marker in other wells. it is also possible
that this tuff is the lone representative of the idavada Group in this area. The lower part of -
the unit contains 61 m (200 ft) of well sorted sand indicating the possibility of sand aquifers
within the basalt. This sand also contains a tarry-black hydrocarbon-like material (Hiner,
1976). Thick flows within this unit constitute the regional acoustic basement mapped as a
reflection horizon in figure 2-7 and discussed in Chapter 6.
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Basaits in Adjacent Areas

The basalt stratigraphy in this region of Idaho is complex. No correlative subsurface
marker beds have thus far been established. Age of the basalts are not known, although it is
likely that much of this basalt section is Miocene to early Pliocene in age, and is related to
the basalts of the Columbia River Group. Recent studies of the Columbia River Group sum-
marized in Swanson and others (1979) indicate that the Lower-to-Middle-Miocene Imnaha
and the widespread Grande Rhonde Basait Formations extend into the Weiser embayment
of the Columbia River Basalt Plateau. These basalt units are down faulted to the west (New-
comb, 1970}, and dip to the west and southwest beneath sediments of the lower ldaho
Group. They presumably underlie a part of the western Snake River Plain. Feeder dikes of
these two oldest formations of the Cofumbia River Group comprise the majority of dikes of
the north-northwest striking Chief Joseph dike swarm of northeastern Oregon and western
ldaho (Taubeneck, 1970 and Swanson and others, 1979). Most flows of the Imnaha basalt
are coarse grained and plagioclase phyric. Zeolite amygduies and smectite alteration are
common and widespread. Imnaha basalt flows are known only in the southeastern part of
the Columbia Plateau, on both sides of the Blue Mountain-Seven Devils uplift. Maximum
thickness of the Imnaha basalt is reported to be about 500 m (1600 ft) in Hells Canyon (Val-
fier and Hooper, 1976; and Hooper, 1981).

The Grande Ronde Basalt is now recognized as the most widespread formation of
the Columbia River Group and exceeds 500 to 700 m (1640 to 2300 ft) thick on the north
flank of the Blue Mountains (Swanson and Wright, 1981). Basalt flows of the Grande Ronde
Formation are overwhelmingly aphyric lo very sparsely phyric fine-grained tholeiitic basalts
(Swanson and others, 1979). Most flows in the Grande Ronde contain rare plagioclase
microphenocrysts and plagioclase-clinopyroxene clots visible in hand specimens. Olivine is
generally absent as phenocrysts but is commonly present in the ground mass of all but the
least magnesium flows.

K-Ar ages on the Grande Ronde Basalt range from 14 to 15.5 million years. The
underlying Imnaha Basalt has not been extensively dated. Chemical and petrographic varia-
tions within these formations are discussed in Wright and others (1973 and 1979). Magneto-
stratigraphy of the group is summarized in Swanson and others (1979).

Geochronology and magneto-stratigraphy of the Basalts of the Owyhee Ridge in
eastern most Oregon (Bryan, 1929, and Kittleman and others, 1965) are discussed by
Watkins and Baksi {1974). No detectable age difference was found across the 16 flows in
this area. Four K-Ar age determinations ranged from 13.1 to 13.9 million years. These ages
indicate the Owyhee Basalts are a younger group of flows than the recognized Columbia
River Group in the area immediately north of the Snake River Plain. The Owyhee Basalts
are described as fine grained with rare phenocrysts of plagioclase in a ground mass of oli-
vine, pyroxene and feldspar, Watkins and Baksi (1974).

Previous workers have applied local formation names of basalts to distant localities
without consideration of the basalt petrography, geochemistry, or careful geologic mapping.
Formation names such as the Grassy Mountain Formation (Bryan 1929, Kittleman and oth-
ers, 1965}, the Banbury Basalt (Stearns and others, 1938, Malde and Powers, 1962, Arm-
strong and others, 1975 and 1980, and Ekren and others. 1978a) have led to considerable
confusion when applied regionally in the western Snake River Plain. These two formations
may have correlatives within the lower ldaho Group. but neither of them are expected in the
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J.N. James well section. The seismic reflection profiles across the well site show a regional,
complexiy-faulted, acoustic basement overlain by |[daho Group sediments with a marked
unconformity (figures 2-4 and 2-5). The basalts on the structural high can be considered to
be older than other basalts that are interbedded and conformable with the sedimentary sec-
tion of the [daho Group that Iaps upon the structural high.

ldavada Volcanic Group

To be consistent with the stratigraphic system of.Malde and Powers (1962), Ekren
and others (1981), and Armstrong and others (1980}, the Idavada Group of silicic volcanics is
discussed here. However, no obvious silicic or intermediate volcanics of the Idavada Group
are noted in the upper two subunits of the basalt section with the exception of the light pink-
ish brown fragments of a felsic tuff in the J.N. James No. 1 well encountered between 853
and 884m (2,800 and 2,900 ft). Likewise, the only silicic volcanics noted in the lithologic log
of the Highland Land and Livestock No. 1 well are described as greenish gray and light
brown hard felsites between 2,659 and 2,774 m (8,720 and 9,100 ft), and black obsidian(?) at
1,650 m (5,415 ft) depth. The remainder of the volcanic units in the Highland Land and Live-
stock No. 1 well are described as basalt. In the Ore-idaho Foods No. 1 well, no hard felsic
rocks are described, but hard tuffs are noted in the intervals 1,692-1,700 m (5,550-5,580 ft),
2,560-2,585 m (8,400-8,480 ft) and at 2,972 to 2,978 m (9,750-9,770 ft). None of the above
rock units bear a resemblance to the Idavada Group described in the north side of the Plain
by Malde and Powers (1962) and Malde and others {(1963). Nor do any of the above seem
thick enough to be correlatives with the various rhyolites and weided tuffs mapped in the
Owyhee Mountains by Ekren and others (1981).

The Idavada silicic volcanics are described by Malde and Powers (1962) as being
mostly silicic latite, bearing phenocrysts of andesine, clinopyroxene, hypersthene and
magnetite. They are distinguished from the older “gold-bearing” silicic rocks by their lack of
hornblende or biotite. The ldavada sequence is made up of both intermediate-to-silicic ash
flow and lava-flow units, that commonly have prophyritic black vittic layers and thinly flow-
banded lavender and gray felsite layers. Ekren and others (1978b) have suggested that
some of the widespread silicic rocks were initially empiaced as very hot ash flow sheets that
remeited and remobilized as lava flows. Ekren and others (1981) also indicate that some of
the silicic volcanics in the Owyhee Mountains of this group may have originated from vents
in the present area of the Snake River Plain.

Ages for the Idavada Volcanic Group are published by Armstrong and others (1980).
Thirteen potassium-argon dates range from 14.2 and 13.5 miillion years for the member units
of the formation near Poison Creek to 9.6 million years for the stratigraphically youngest
units.

The ldaho Group

The sedimentary deposits and local basaltic vents and lava flows that unconformably
overlie the rhyolite rocks (ldavada Group) on the margins of the plain are considered by
Malde and Powers (1962) to be the idaho Group. Seven overlapping formations are dis-
cussed in their redefinition of the group. The Idaho Group in the western Snake River Plain
is locally overlain by a relatively thin group of fresh, unaltered basalt flows and associated
fluviatite and to a lesser extent lacustrine deposits. This latter group, containing numerous
unaltered, olivine basalt lavas, is called the Snake River Group.
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The stratigraphic relationships within the Idaho Group beneath the western piain are
complex; however, geophysical well logs (figure 2-3) and seismic reflection profiles, dis-
cussed in this study, produce a generally consistent group of subsurface units beneath the
Nampa-Caldwell area. All those deposits lying between the seismically-defined “acoustic
basement” and the Snake River Group are considered to be the idaho Group in this report.
Seismic reflection data shows that a maximum of 1710 m (5,600 ft) of idaho Group sediment
underlies the western part of the study area (figure 2-7). A similiar thickness is penetrated by
the QOre-lda Foods No. 1 welt at Ontario (figure 2-3). The Idaho Group lies unconformably
upon the faulted and eroded surface of basalts that acts as acoustic basement.

In the Nampa-Caldwell area the subsurface ldaho Group can be subdivided into a
lower and an upper part. The division is made at the upper surface of a local subsurface
basait field within the group that is mapped from seismic reflection profiles south of Nampa.
This surface can be traced as a seismic reflection (Horizon “I"”, figures 2-4 and 2-5) over
most of the study area, but its lithologic character changes from a siltstone-basalt contact
south of the zone of complex faulting (figure 2-8) to a sandstone-siltstone contact in the
region north of Nampa, The surface rises to the east and northeast so that its depth is less
than 330m (1,000 ft) beneath the Meridian area, and it may be eroded and absent from the
area east and north of Meridian. The seismic horizon used to subdivide the upper and lower
ldaho Group unconformably overlies the structural subsurface high of older basalts in the
middie of the Plain (figure 2-8). The seismic reflection proiiles also indicate that the lower
Idaho Group thickens to the north and east, and that most of the exposed |daho Group on
the north margin of the Plain should be considered Lower Idaho Group. In contrast the
upper idaho Group thickens to the southwest and reaches a maximum of about 915 m
(3,000 ft) beneath Caldwell.

LOWER IDAHO GROUP (inctuding Poison Creek Formation, Banbury Basalt, and
the Chalk Hills Formation) — Type localities for sediments and basaltic volcanics of the
l_ower idaho Group are entirely on the south side of the Snake River Plain along the north-
ern edge of the Owyhee Mountains. Malde and Powers (1962) defined the Poison Creek and
Chalk Hills formations, but their age relationship to one another and to related basaltic vol-
canics is obscure (Ekren and others, 1978a). K-Ar age control within the Banbury Basalt and
the Idaho Group is published by Armstrong and others (1980). The Banbury Basait mapped
by Malde and others (1963), on the north side of the Plain is dated at 9.4 + 0.6 million years
correcting earlier reported younger ages (Armstrong, 1980). The exposed sediments are
generally described as lake and stream deposits of buif, white, brown, and grey sand, silt,
clay diatomite, numerous thin beds of vitric ash and some basaltic tuffs. Well-cemented
arkosic sandstones within the Poison Creek unit form dipping mesas and tilted buttresses
along the north side of the Owyhee Mountains. Basalts intruding and within these beds are
described as intergranular-to-ophitic textured olivine basalt, and some are mapped by Ekren
and others (1978a) as the Banbury Basalt Formation.

Boise Area — Sediments similar to those of the lower Idaho Group exposed along the
edges of the Owyhee Mountains on the south side of the Plain are exposed in the Boise
foothills where the lower Idaho Group is a series of arkosic, deltaic and lake margin sand
units and buff siltstones about 200 m (650 ft) thick (Wood and Vincent, 1880). On the north
side of the Plain in the Boise foothiils these sediments rest upon an irregular erosion surface
of silicic volcanics of the Idavada Group, or upon weathered, eroded, plagioctase phyric
basalt flows and basaltic tuffs that are similar to the Banbury Basalt Formation north of
Mountain Home, described by Malde and others (1963). A flow of fine-grained olivine-
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bearing basalts also occurs within the lower part of the arkosic lake margin sand units, and
at places these hasalts rest upon an eroded surface of a sedimentary unit of tuffaceous silt
and white vitric tuffs.

Most of the Idaho Group exposed in the Boise area might be the Lower Idaho Group.
Previous workers have described these sediments as the Glenns Ferry Formation of the
ldaho Group (Savage, 1958, Hollenbaugh, 1973, Thomas and Dion, 1974); however cross
sections of the Plain prepared from seismic reflection profiles (figure 2-4) show that these
foothills units emerge to the northeast from deep beneath the Plain at dips of 7° to 10°, and
they may not be a part of the Glenns Ferry Formation. The Glenns Ferry Formation, if it
exists as a subsurface unit beneath Boise, must lie unconformably on the Lower ldaho
Group and be less than 300 m (1,000 ft) thick. Stratigraphic details of the upper 300 m (1,000
ft} are not known, for we have no seismic reflection data for the upper section. The wide-
spread “blue clay™ encountered in water wells within the upper 180 m (600 ft) of section may
be a part of the Glenns Ferry Formation, and so might the sandy coarse facies that rests
upon it. It is important for geohydrologic considerations to recognize that the emerging deep
units are not conformable. A geohydrologic framework for the upper 300 m (1,000 ft) of sec-
tion berteath Boise is proposed by Burnham (1979) and represents the first reasonable geo-
logic expianation of the groundwater system; however, well data is sparse and inconclusive
regarding the detailed stratigraphy of the upper section.

Nampa-Caldwell Area — West of Boise, in the Meridian area, the Lower Idaho Group
fills a deep basin developed by faulling and downwarping before and during the deposition
(figures 2-4, 2-5}. The basin is bounded to the southwest by structurally high basalt. L.ower
Idaho Group sediments filled and overtopped the structure and sediments were transported
to the west-southwest into the Lake Lowell-Caldwell Basin. Thick sand units at 600 to 700 m
(2,000 to 2,300 fty depth, encountered in wells drilled upon the structural high probably rep-
resent a deltaic facies prograding to the west across the submerged high to the subsiding
basin to the south in the Lake Lowell-Caldwell area. These sands should exist as aquifers
along the top of the high and to the northeast where they emerge or are truncated by youn-
ger sediments. The contrast between the deep and shaliow investigation resistivity logs (fig-
ure 2-9 and Chapter 3, indicates these sands should be good aquifers with moderate
permeability. These sands have never been formation tested, nevertheless, they have resis-
tivities and thicknesses comparable to shallower units in the Upper Idaho Group that yield
good flows to wells. it is not known if, in the Lower Idaho Group, these sands persist in the
subsurface south of the structural high into the Lake Lowell-Caldwell Basin. Coarse arkosic
sandstone of the Lower idaho Group outcrops along the north margin of the Owyhee Moun-
tains south of Nampa and Caldwell (Ekren. and others, 1981). Some of these sandstones
have fair permeability; however, many are also tuffaceous and silty and of low permeability.
However, the source of these sands may not be the same as the sand in the subsurface for
they may have been derived from sources south of the subsiding plain.

The Lower Idaho Group locally contains subsurface basaltic lava fields and several
thin flows. A subsurface basaltic lava field is mapped from seismic reflection profiles in the
area immediately southwest of Nampa (figure 2-5). The basalt appears to be thickest in the
Lake Lowell basin. The top of the basalt surface ranges in depth from 549 m (1,800 ft) to
about 823 m (2,700 ft). Within areas that were topographically low at the time of eruption
seismic profiles indicate the Idaho Group Basalts may be as much as 150 m (500 ft) thick.
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In the Champlain Qil Company (Deer Flat No. 1) well only a few flows 10 to 20 m (30
to 65 ft) thick are encountered at 822 m (2,040 ft) depth. Much of the basaltic material occurs
as interbedded sedimentary tuffaceous silt and sand. To the west in the vicinity of Knowlton
Heights, the basalt shallows to a depth of 335 m (1,100 ft) and several volcanic vents appear
on the reflection profiles {figure 2-5). Subsurface occurrence of these basalts is shown on
figure 2-8, and the horizon (Horizon “1") at which the basalts occur is arbitarily used in this
report to subdivide the Idaho Group intc an upper and lower part.

UPPER IDAHO GROUP — The Upper Idaho Group, as defined in this report,
includes the sedimentary sequence above seismic Horizon 1" (figures 2-2, 2-7, and figure 2-
8). During deposition of the upper idaho Group the axis of the sedimentary basin lay
beneath Lake Lowelt and Caldwell. The basin axis has a northwest trend and plunges down
to the northwest. The deepest part of the basin lies northwest of Caldwell beyond the area
for which seismic reflection coverage was obtained (figure 2-8). Sedimentation during Upper
ldaho Group time was not affected by the large subsurface structural high in the middle of
the basin for it was buried by sediments.

A number of continuous seismic reflections occur within the Upper 1daho Group.
These reflections are at depths of 240 to 1000 m (800 to 3,200 ft), and are apparently higher
velocity siltstone and claystone. These sand units are encountered in deep wells and are
well defined by their high resistivity on electrical logs shown on figure 2-9 and higher acous-
tic velocity on some logs. These widespread sands may represent fluvial episodes that
extended out into the basin during epoisodes of regression of a lacustrine environment.

The base of the upper I[daho Group, as defined by reflector "I in the subsurface, is
probably close to the base of the Glenns Ferry Formation as mapped by Malde and others
{1983) and Ekren and others (1981). In the foothills along the base of the Owyhee Mountains
between Marsing and Murphy, ldaho, gray siltstone of the Glenns Ferry Formation rests
unconformably on sediments and basaltic volcanics of the Chalk Hills and Poison Creek
Formations. To the east, in the Bruneau area, the base of the Glenns Ferry Formation is
locally marked by algal and ootfitic fimestone resting on beveled beds of the Chalk Hills For-
mation with slight angular discordance {Matde and Powers, 1962. p. 1207). Oolitic limestone
near the base of the Glenns Ferry Formation has been described at numerous localities in a
recently completed study by Kimmel (1979).

On the north margin of the plain in the foothills between Boise and Emmett. oolitic
sand and limestane ocour in the uppermost strata of a sequence of deltaic sands and silt-
stone that rest upon older basait (Wood, 1981, unpublished mapping). Oolitic and algal lime-
stone is a common shoreline facies of large saline lakes (Eardley, 1938), and it is likely that
the occurrence of oolitic deposits around margins of the Snake River Plain may mark a lim-
ited stratigraphic interval within the ldaho group and show the outline of a large lake that
existed during ldaho Group time. Kimme! (1979) has suggested that odlitic limestone and
sandstone may locally serve as a definition for the base of the Glenns Ferry Formation. It is
not known if oolitic sand occurrences on the margins of the plain are stratigraphically equiva-
lent to the seismically defined boundary between the upper and lower ldaho Group; how-
ever, there does appear to be a coincidence between the stratigraphic occurrence of oolites
on the margins, locally identified unconformities and the uppermost occurrence of local
basalt fields in the strata of the Idaho Group of the western plain.
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Exposures of the Glenns Ferry Formation mapped along the Snake River Canyon
south of Nampa and Caldwell are entirely within the upper Idaho Group (figure 2-6). Here the
section consists of 100 m (300 ft) of monotanous, indistinctly-bedded, gray, lacustrine silt-
stone and fine sandstone. The only variation in this lithology is a 10 m + (30 it + ) thick layer
of indurated buff-colored, tuffaceous, poorly sorted, fluvial sandstone that outcrops in Dead
Horse Canyon (Sections 17, 18 and 20, T. 2N, R. 3W, figure 2-6). At this locality, and also
locally along the basalt-capped white bluffs on the north side of the river, the Glenns Ferry
siltstones are canformably overtain by a 20-m (85 ft) thick gravel deposit identified by clast
content and stratigraphic setting as the Tuana Gravels of Malde and Powers (1962).

Fission-track ages have been determined on a number of volcanic ash members
within the idaho Group (Kimmel, 1979). Ages of ash layers within the Chalk Hills Formation
range from 8.5 + 1.2t0 7.0 + 0.5 million years. Ash layers bracketing oolitic limestone in
the basal Glenns Ferry Formation are 3.2 + 0.4 to 2.5 + 1.0 million years and 2.4+0.2
million years. This geochronology and field evidence of an unconformity between the Chalk
Hills and Glenns Ferry Formation indicate a hiatus of deposits on the margin of the Plain
between about 7.0 -+ 0.5 and 3.2 + 0.4 million years.

Tuana Gravels

Well sorted pebble and cobble gravels and coarse sand are exposed along the walls
of the Snake River Canyon (Deadhorse Canyon in the SW corner of the Lake Lowell Quad-
rangle). Stratigraphic position and clast content indicates that these gravels correlate with
the Tuana Gravels of Malde and Powers (1962). These gravels contain a few clasts of
orange quartzite indicating 2 Snake River drainage provenance and distinguishing them
from the Tenmile Gravels. At this locality Tuana Gravels dip 5 to 10* north and mark an
angular unconformity with the overlying, horizontal, Bruneau lake beds. Thickness of grave!
is 0 to 15 m (0-50 ft).

The Bruneau Formation

The lacustrine facies and basalt of the Bruneau Formation focally lie unconformably
on the north dipping Tuana Gravels and Glenns Ferry Formation in localities along the north
side of the Snake River (figure 2-10). The lacustrine deposits are horizontal and contain both
gray siltstone and beds of brown tuffaceous sandstone bearing palagonized basait and sco-
ria. A number of scoria deposits, minor basalt flows and small basalt necks of the Bruneau
Formation intrude and overlie the Glenns Ferry Formation. These basalt vents stand out as
small hills where the Glenns Ferry Formation has been eroded away in the cutting of the
modern Snake River Valiey. The Bruneau Formation is mostly confined to the present Snake
River Valley area and is probably less than 50 m (160 ft) thick or non-existent in the Nampa-
Caldwell area. The formation thickens to the east and is up to 240 m (800 ft) thick in the
Bruneau-Grandview area (Malde, 1965). The Bruneau Formation is thought to have orig-
inated from a complex series of lava dammed lakes along the canyon of the Pleistocene
Snake River (figure 2-10), but many features of its origin have yet to be explained (Malde,
1965).

Age of the Bruneau Formation is middle Pleistocene based upon a single K-Ar deter-
mination on basalt of 1.4 million years (Evernden and others, 1964). All lavas have reversed
magnetic polarity and are included in the Matuyama Polarity epoch (Malde and Williams,
1975).
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FIGURE 2-10. Occurrences of the Bruneau Formation in the western Snake River Plain. After Malde
(1965a).
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The Tenmile Gravels

In the Nampa-Caldwell area, the top of the upper Idaho Group is marked by a wide-
spread fluvial gravel deposit that caps many of the hills in the area. The gravel extends east-
ward across the plain to the mountains east of Boise where it laps against the granitic
bedrock. The gravel has a cobble assemblage of granitic rocks and felsic porphyries derived
from the adjacent Idaho Batholith terrain. This gravel unit was named the Tenmile Gravels by
Savage (1958) because it forms the entirety of Tenmile Ridge south of Boise where it is up to
150 m (500 ft) thick. In the Nampa-Caldwell area, the thickness rarely exceeds 15 m (50 ft). It
is widely exploited as a source of gravel for construction and concrete pipe manufacturing.
The geometry of the deposit and the cobble assemblage clearly mark the Boise River drain-
age as the source of the Tenmile Gravels. The Tenmile Gravels are distinct from the Tuana
Gravels, because the Tuana Gravels bear a few orange quartzite cobbles and other meta-
morphics whereas the clasts of the Tenmile Gravels are almost entirely intrusive porphyries
and granitic rocks. The stratigraphic relationship of the Tenmile Gravels to other Plio-
Pleistocene units such as the Bruneau Formation is uncertain.

Snake River Group

SEDIMENTS OF THE DEER FLAT SURFACE — The higher upland surface both
north and south of the Boise River is underlain by at least 30 m (100 ft) of uncansolidated
fluvial sand and gravel. The sands are mostly coarse, arkosic and cross-bedded. The grav-
els are typically in beds 0.5 to 2 m (1.5 to 7 ft) thick and are composed of rounded clasts of
intrusives derived from the Boise River drainage. The gravels are indistinguishable from the
Tenmile Gravels. The unit is identified by its topographic position on a surface that is about
60 m (200 ft) above the present Boise River. The surface rises generally from 760 m (2,500 ft)
on the west side of the map to 823 m (2,700 ft) elevation in the northeast corner of the
Middleton 7 |/2 minute quadrangle (figure 2-6). A good exposure of this unit is located in a
gravel pit in the SWI/4, Section 3, T. 4N, R. 4W, 3 km (1.9 mi) north of Caldwell. No extensive
exposures of this unit are known south of the Boise River. The unit is best identified by the
elevation of its surface and by soil development. Priest and others (1972) classity soils upon
this surface in the Scism or the Power-Durham series characterized by a moderately well-
cemented caliche horizon 0.5 to 1.2 m (1.5 to 4 ft) deep.

The Indian Creek Basalt flows erupted onto surfaces of the Deer Flat Sediments, and
are reported in the driller’s logs 1o be interbedded with this unit. The unit is probably middie
Pleistocene in age.

INDIAN CREEK BASALT FLOWS — Basalt which outcrops in Section 13, T. 3N, R.
1W by the Nampa State School and also in the north Caldwelt area along the Boise River is
the same flow unit. The flow is about 0.7 km (0.5 mi) wide. This flow is named the Indian
Creek Basalt, for it extends as a continuous flow from beyond the west edge of the map to
Caldwell and parallels the course of Indian Creek. Subcrop of this flow has been mapped
from the numerous driller's logs in the area. The flow is a gray, titano-augiteplagioclase-
olivine basalt, and is typical of basalts of the Snake River Group. The gray color resuits from
an abundance of small {ath shaped plagioclase crystals.

One or more deeper flows are identified from the water-well drilter’s logs at depths of

15 to 30 m (50 to 100 ft). This deeper flow underlies much of the city of Nampa, but the
previously discussed shallow flow lies mostly to the north of Nampa. Subcrops of both the

29



flow units are shown with dotted lines on figure 2-6. Both flows probably erupted onto an
aggrading surface of sediment and can be considered as interbedded with the fluvial sedi-
ments of the Deer Flat Surface. Paleomagnetism of samples from three localities was mea-
sured with a field fluxgate magnetometer. Declination was consistently east-northeast, and
inclination was much too shallow to clearly identify the direction of paleomagnetism as
reversed or normal. The cause of this anomalous magnetization is unknown. Because of the
association of the flows with the sediment of Deer Flat Surface, and the presence of an
indurated caliche, the age of these basalts is probably middle Pleistocene.

The Indian Creek Basalts constitute the important unconfined, shallow groundwater
system of the Nampa-Lake Lowell-Caldwell area. The basalt flow aquifers are tapped by
numerous, shallow, domestic and irrigation wells. The groundwater is presently recharged
mostly by seepage of imported irrigation water and canal leakage. The water level is quite
stable. Because of their shallow situation and high transmissivity. the Indian Creek basalt
aquifers can be easily contaminated by surface spills or leakage from buried storage tanks.
The extent of these aquifers, is shown in figure 2-6. Wells situated on the hills capped by the
older Tenmile Gravels do not encounter shallow aquifers and wells must be drilled deeper to
tap the confined aguifers of the upper Idaho Group in order to obtain flows adequate for
irrigation.

WHITNEY TERRACE DEPOSIT — Alluvium of the Whitney Terrace of the Boise
River (Nace and others, 1957) consists of rounded cobble and pebble gravels, arkosic sands
and minor silts. The unit is identified by the relatively fiat terrace surface 10 to 20 m (30 to 65
ft) above the present Boise River floodplain. Soils developed upon the terrace gravels have a
well developed profile with a brown silty clay loam “B™ horizon composed of up to 6.9 m (3 ft)
of calcareous nodules extending to a depth of up to 1.3 m (4 ft). These soils are assigned to
the Power and Greenleaf series by Priest and others (1972). Soil profiles developed on this
surface suggest a pre-Wisconsin age for the Whitney Terrace Deposits. or an age of 100.000
years or more.

QUATERNARY ALLUVIUM AND FAN DEPOSITS — Recent fluvial deposits cover
the modern flood plain of the Boise River and indian Creek. The Boise River flood plain is
about 5 km wide in the map area. In the Middleton Quadrangle. ephemeral tributaries have
formed small alluvial fans that extend into the Boise River flood plain.

STRUCTURE

Early Pleistocene gravels and older stratigraphic units in the Nampa-Caldwell area
have been deformed by normal faulting, gentle tilting of fault blocks and broad downwarping
toward the axis of the plain. Normally faulted gravels and sand layers are observed in sev-
eral quarries in the area (figure 2-6) with displacements of a few decimeters to 10 m (1 t0 30
ft). Al mapped faults strike in a Northwest-southeast direction with dips ranging from 585° to
nearly vertical. The only exception is the North Caldwell Fault exposure with an east-west
strike. Linear ridges capped by the Tenmile Gravels trend northwest through the area in the
vicinity adjacent to, and southwest of, Lake Lowell. The steeper sides of these asymmetric
ridges are interpreted as fault-line scarps of normal faults that have apparent displacements
up to 30 m (100 ft). Cross sections constructed from driller's logs (figure 3-1) show offsets up
to 50 m (150 ft) of distinctive lithologic units. These offsets are interpreted as normal faults
(figure 2-6). Bedding attitudes on exposure of the late Pliocene or early Pleistocene Glenns
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Ferry Formation and Tuana Gravels are generally down to the northwest 3° to 10“. These
attitudes are taken along the north rim of the Snake River Canyon and are consistent with
dips interpreted from seismic reflection profiles (figure 2-5).

Attitudes on the Tenmile Gravel bedding are generally horizontal, but variations in
elevation of the base of the gravel indicate that the gravels are faulted and slightly tilted. The
elevation of gravels and direction of throw on faults is not in any consistent direction and no
broader structures larger than individual fault blocks one or two km (0.6 to 1.2 mi) wide are
indicated by deformation of the gravels.

Lack of the Tenmile Gravels northeast of Nampa, in the area covered by Terrace
deposits and Quaternary alluvium, is attributed to erosion of the gravels by the Boise River
and not to downfaulting. Very few surface faults are shown in the area on the map (figure 2-
6) because the younger Boise River alluvial deposits are not faulted. Seismic reflection pro-
files show that a number of subsurface faults do occur in this area, and these are shown with
a different symbol on figure 2-6.

The upper surface of the middte Pleistocene Snake River Basalts varies somewhat,
and along the north rim of the Snake River the basalts appear to be slightly tilted, a few
degrees, downward toward the basin axis of the plain to the northeast. The basalt surface is
probably slightly downwarped by continued subsidence of the plain, but the flows do not
appear to be broken by faulting in the map area. The larger tilted and faulted basalt buttes in
the map area are probably earlier basalts of the Bruneau Formation (Pickles Butte, and the

buttes in Hidden Valley); although, some of these basalts may have been mapped as the
Snake River Group on figure 2-6.

The middle Pleistocene Snake River Basalls are not obviously faulted except in the
vent areas. Faulting and vent fissures trend northwest across the two major basalt-shield
vents shown on the map (Kuna Butte and Powers Butte). Kuna Bultte differs from Powers
Butte in that its north flank is made up of tilted Tenmile Gravels that were either a pre-existing
fault block, or were arched by a shallow intrusion of the basalt. It is not a simple shield
volcano such as Powers Butte. The northwest trend of the vent fractures suggests that the
basalt erupted from deep sources along fissures opened by the same northeast-southwest
oriented extentional stresses that produced the faulting in the slightly clder Tenmile Gravels.
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