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Figures 9 -20: Maps showing:
9. Thickness of surficial sediment at Test Area North
10. Altitude of the base of surficial sediment at Test Area North

11. Thickness of basalt-flow groups LM(W), LM(E), and M and related sediment at
Test Area North

12. Altitude of the base of basalt-flow group M at Test Area North
13. Thickness of basalt-flow groups MN and N and related sediment at Test

14, Altitude of the base of basalt-flow group N at Test Area North

15. Thickness of basalt-flow group O and related sediment at Test Area North
16. Altitude of the top of basalt-flow group P at Test Area North

17. Thickness of basalt-flow group P and related sediment at Test Area North
18. Altitude of the base of basalt-flow group P at Test Area North

19. Thickness of basalt-flow group Q and related sediment at Test Area North
20. Altitude of the base of basalt-flow group Q at Test Area North

TABLE

Table 1. Altitude of the top, thickness, percent sediment, and altitude of the base of composite
stratigraphic units from land surface to the base of basalt-flow group Q at Test Area

CONVERSION FACTORS AND VERTICAL DATUM
Multiply By To Obtain

foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
square mile (mi?%) 2.590 square kilometer
acre 0.4047 hectare
cubic mile (mi%) 4,168 cubic kilometer
gallon (gal) 3.785 liter
pound (Ib) 4536 kilogram
curie (Ci) 3.7x1010 becquerel

Sea level: In this report, “sea level” refers to the National Geodetic Vertical datum of 1929—a geodetic
datum derived from a general adjustment of the first-order level nets of the United States and Canada,
formerly called Sea Level Datum of 1929.




STRATIGRAPHY OF THE UNSATURATED ZONE AND UPPERMOST PART OF
THE SNAKE RIVER PLAIN AQUIFER AT TEST AREA NORTH, IDAHO
NATIONAL ENGINEERING LABORATORY, IDAHO

By S. R. Anderson and Beverly Bowers

Abstract

A complex sequence of basalt flows and
sedimentary interbeds underlies Test Area North
(TAN) at the Idaho National Engineering
Laboratory in eastern Idaho. Wells drilled to
depths of at least 500 feet penetrate 10 basalt-flow
groups and 5 to 10 sedimentary interbeds that
range in age from about 940,000 to 1.4 million
years. Each basalt-flow group consists of one or
more basalt flows from a brief, single or com-
pound eruption. All basalt flows of each group
erupted from the same vent and have similar ages,
paleomagnetic properties, potassium contents, and
natural-gamma emissions. Sedimentary interbeds
- consist of fluvial, lacustrine, and eolian deposits
of clay, silt, sand, and gravel that accumulated for
hundreds to hundreds of thousands of years
during periods of volcanic quiescence. Basalt and
sediment are elevated by hundreds of feet with
respect to rocks of equivalent age south and east
of the area, a relation that is attributed to past
uplift at TAN. Basalt and sediment are unsat-
urated to a depth of about 200 feet below land
surface. Rocks below this depth are saturated and
make up the Snake River Plain aquifer. The
effective base of the aquifer is at a depth of 885
feet below land surface. Detailed stratigraphic
relations for the lowermost part of the aquifer in
the depth interval from 500 to 885 feet were not
determined because of insufficient data.

The stratigraphy of basalt-flow groups and
sedimentary interbeds in the upper 500 feet of the
unsaturated zone and aquifer was determined
from natural-gamma logs, lithologic logs, and
well cores. Basalt cores were evaluated for
potassium-argon ages, paleomagnetic properties,
petrographic characteristics, and chemical compo-
sition. Stratigraphic control was provided by
differences in ages, paleomagnetic properties,
potassium content, and natural-gamma emissions
of basalt-flow groups and sedimentary interbeds.

INTRODUCTION

Test Area North (TAN) is in the northern part
of the Idaho National Engineering Laboratory
(INEL) in eastern Idaho (fig. 1). TAN covers an
area of about 7.5 mi? and consists of several
experimental and support facilities for nuclear
research (Kaminsky and others, 1994). This area,
which includes the Initial Engine Test Facility
(IET), the Specific Manufacturing Capability
Facility (SMC), the Technical Support Facility
(TSF), and the Water Reactor Research Test
Facility (WRRTF) (fig. 2), is about 20 mi north-
east of the Idaho Chemical Processing Plant
(ICPP) and the Test Reactors Area (TRA) and
about 30 mi northeast of the Radioactive Waste
Management Complex (RWMC) (fig. 1). A
variety of geologic and geophysical data have
been collected from numerous wells at TAN (fig.
2) to determine local stratigraphic relations that
may affect the movement of radioactive,
chemical, and sanitary waste in the subsurface.
These data have been evaluated with respect to
similar data from wells at the ICPP, TRA, and
RWMC to determine regional stratigraphic rela-
tions among these areas (Anderson and Lewis,
1989; Anderson, 1991). As used in this report, a
well refers to any drill hole, core hole, borehole,
or water well from which geologic and
geophysical data have been collected.

From 1953 to 1972, significant volumes of
low-level radioactive, chemical, and sanitary
wastewater were discharged at TAN into the
Snake River Plain aquifer through a 310 ft-deep
disposal well, TSF DISP (fig. 2). The wastewater
contained trichloroethylene, which has been
detected in nearby wells sampled for water quality
(Kaminsky and others, 1994). In 1972, the
disposal well was replaced by a 35-acre infiltra-
tion pond. From 1959 to 1988, the period for
which records of disposal are available, about 61
Ci of radioactivity were discharged in wastewater
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to the disposal well and infiltration pond (Orr and
Cecil, 1991). From 1986 to 1988, the average
volume of radioactive wastewater discharged to
the infiltration pond was about 20.8 million
gal/year. The average rate of disposal of radio-
activity in this wastewater was 0.012 Ci/year. An
average of about 31.5 million gal/year of chem-
ical waste and 12 million gal/year of sewage
waste were discharged to the pond from 1986 to
1988. The main constituents included chloride
and sodium. Average annual amounts of 13,000 Ib
of chloride and 9,100 1b of sodium were disposed.
The average annual amount of all other chemical
constituents in the effluent was about 2,100 Ib
(Orr and Cecil, 1991).

Concemn about the potential for migration of
radioactive, chemical, and sanitary waste from
TAN to the underlying Snake River Plain aquifer
has prompted numerous studies of the subsurface
in this area (Kaminsky and others, 1994). From
1953 to March 1993, 57 wells (fig. 2) were drilled
to evaluate the geologic, geohydrologic, and
geochemical characteristics of the unsaturated
zone and the aquifer. These wells were completed
to depths ranging from 74 to 1,114 ft below land
surface and have an aggregate depth of 18,216 ft.
Samples from the wells indicate that waste is
present in the subsurface (Kaminsky and others,
1994), but additional data collection and study are
needed to evaluate the extent of the contamination.

Purpose and Scope

In 1991, the U.S. Geological Survey (USGS),
in cooperation with the U.S. Department of
Energy, began a study of the stratigraphy of the
unsaturated zone and uppermost part of the Snake
River Plain aquifer at TAN. The study was made
to determine stratigraphic relations that may
affect the migration of radioactive, chemical, and
sanitary waste from TAN to the Snake River Plain
aquifer. This report describes the stratigraphic
framework of the unsaturated zone and uppermost
part of the Snake River Plain aquifer at TAN
using geologic and geophysical data collected
through March 1993. Data collected for this and
previous studies indicate that there are numerous
basalt flows and sedimentary interbeds in the
subsurface at TAN. This report describes the

stratigraphic relations between groups of related
basalt flows and sedimentary interbeds in the
unsaturated zone and uppermost part of the
aquifer to a depth of 500 ft below land surface.
The stratigraphic framework described in this
report is an extension of the framework at the
RWMC described by Anderson and Lewis (1989)
and of the framework at the ICPP and TRA

(fig. 1) described by Anderson (1991). The reader
is referred to reports by Kuntz and others (1980),
Champion and others (1988), Lanphere and others
(1993), and Lanphere and others (1994) for infor-
mation concerning the ages and physical charac-
teristics of individual basalt flows and the criteria
used for subdividing stratigraphic units in the
subsurface at TAN and other parts of the INEL.
The altitude, thickness, and distribution of strati-
graphic units at TAN are shown on figures 3-20
and table 1 at the end of this report. Selected
natural-gamma logs used to differentiate strati-
graphic units at TAN are presented in a report by
Bartholomay (1990). Additional natural-gamma
logs from wells at TAN are on file at the INEL
office of the USGS.

Approach

This report contains geologic sections, maps,
and a table that describe the stratigraphic frame-
work of the subsurface at TAN (figs. 3-20; table
1); all stratigraphic data are referenced to altitude
above sea level and depth below land surface, in
feet. Stratigraphic data were interpreted from
natural-gamma logs, lithologic logs, and well
cores. Cores from wells GIN 5, GIN 6, TAN
CHI1, and TAN CH2 (fig. 2) were used as the
basis for stratigraphic correlations. Potassium-
argon (K-Ar) ages, paleomagnetic properties, and
chemical composition were determined for basalt
cores from wells TAN CH1 and TAN CH2
(Lanphere and others, 1994; and T.R. Wood,
formerly with EG&G Idaho, Inc., written
commun., 1993). Cores from well TAN CH1 also
were evaluated for petrographic characteristics;
cores from wells GIN 5 and GIN 6 were evaluated
only for paleomagnetic propertics. Stratigraphic
units in the cores were correlated with strati-
graphic units in 53 other wells at TAN (fig. 2) by
inspection of natural-gamma logs. These logs are
sensitive to small differences in potassium content




and natural-gamma emissions of basalt flows and
sedimentary interbeds from different source areas
(Anderson and Bartholomay, 1990). A straight-
line interpolation was used to extend interpreted
stratigraphic contacts from well to well on geo-
logic sections (figs. 3-8). Using data shown on
table 1, contours of altitude and thickness of
stratigraphic units (figs. 9-20) were interpolated
between wells to the nearest 25 or 50 ft. Large
gamma emissions caused by manmade radio-
nuclides were detected in the subsurface near well
TSF DISP (fig. 2). Although emissions from these
radionuclides appear to coincide with known geo-
logic contacts and were detected in just two wells,
additional cores from the subsurface may be

needed to verify stratigraphic relations in this area.

Basalt flows underlying TAN were formed by
lavas that issued from 10 different source vents.
Flows were correlated with buried and exposed
source vents using two methods. All basalt flows
underlying TAN to a depth of 500 ft were
correlated with source vents on the basis of
natural-gamma logs (Anderson and Lewis, 1989;
Anderson, 1991). Most of these vents are uniden-
tified and are not shown on figure 1 because the
correlations are preliminary; additional data are
required for verification of these correlations.
Selected basalt flows in the uppermost parts of
wells GIN 5, GIN 6, TAN CH1, and TAN CH2
were correlated with a nearby surface vent,
Circular Butte (fig. 1), on the basis of geologic
ages, paleomagnetic properties, and petrographic
characteristics of the flows (Kuntz and others,
1990; Lanphere and others, 1994). Correlations of
other flows with source vents will require
additional data.
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GEOHYDROLOGIC SETTING

The INEL is on the west-central part of the

- eastern Snake River Plain, a northeast-trending

structural basin about 200 mi long and 50 to

70 mi wide (fig. 1). The INEL is underlain by a
sequence of Tertiary and Quatemary volcanic
rocks and sedimentary interbeds that is more than
10,000 ft thick (Doherty and others, 1979;
Whitehead, 1992). The volcanic rocks consist
mainly of basaltic lava flows, ash, and cinders in
the upper part and rhyolitic ash flows and tuffs in
the lower part; in places, the rocks are intruded by
rhyolite domes that are as high as 2,000 ft above
the surface of the plain. The basaltic rocks, which
underlie the INEL to a depth of more than

3,000 ft, are interbedded with fluvial, lacustrine,
and eolian deposits of clay, silt, sand, and gravel.
Source vents for the basalt and rhyolite are
concentrated on volcanic rift zones, such as the
Circular Butte-Kettle Butte volcanic rift zone (fig.
1), that trend perpendicular to the long axis of the
plain (Kuntz and others, 1992; Kuntz and others,
1990). Vents also are concentrated on the axial
volcanic zone (fig. 1) in the center of the plain
(R.P. Smith and W .R. Hackett, formerly with
EG&G Idaho, Inc., written commun., 1990).

The basalt and sediment underlying the INEL
are saturated at depth and together form the Snake
River Plain aquifer. Depth to water at the INEL
ranges from about 200 ft below land surface in the
northern part to about 900 ft in the southern part;
the general direction of ground-water flow is from
northeast to southwest. The effective base of the
aquifer at the INEL coincides with the top of a
thick and widespread layer of clay, silt, sand, and
altered basalt that is older than about 1.6 million
years. The top of this layer is at a depth of about
1,000 ft below land surface in a 10,365-ft test
well, INEL-1 (fig. 1) (Mann, 1986), and at depths
ranging from 800 to 1,600 ft elsewhere in the
western half of the INEL. The effective saturated
thickness of the aquifer ranges from about 600 ft
near TAN to about 1,200 ft near the ICPP (fig. 8);
saturated thickness in the eastern half of the INEL
is unknown because the wells in this area do not
fully penetrate the aquifer. Hydraulic properties of
the aquifer differ considerably from place to place
depending on saturated thickness and the




characteristics of the basalt and sediment. In
places, the basalt and sediment in the uppermost
part of the aquifer yield thousands of gallons per
minute of water to wells, with negligible draw-
down (Ackerman, 1991). Hydraulic data for the
basalt, sediment, ash, and tuff underlying the
aquifer are sparse, but data for INEL-1 indicate
that these rocks and sediment are relatively
impermeable compared with those that make up
the aquifer (Mann, 1986). Localized zones of
perched ground water, which are attributed
mainly to infiltration from unlined percolation
ponds and recharge from the Big Lost River, are
present in basalt and sediment overlying the
regional aquifer (Cecil and others, 1991).

TAN is underlain by numerous basalt flows,
basalt-flow groups, and sedimentary interbeds to a
depth of at least 1,114 ft. A basalt flow is a solidi-
fied body of rock that was formed by a lateral,
surficial outpouring of molten lava from a vent or
fissure (Bates and Jackson, 1980). A basait-flow
group consists of one or more basalt flows from a
brief, single or compound eruption (Kuntz and
others, 1980). All basalt flows of each group
erupted from the same vent and have similar ages,
paleomagnetic properties, potassium contents, and
natural-gamma emissions. The basalt flows,
which locally are altered, consist mainly of
medium- to dark-gray beds of vesicular to dense
olivine basalt. Individual flows are as much as
100 ft thick and in places are interbedded with
cinders and thin layers of sediment. Sedimentary
interbeds, which are most abundant between flow
groups, accumulated on the ancestral land surface
for hundreds to hundreds of thousands of years
during periods of volcanic quiescence. Sedimen-
tary interbeds arc as much as 30 ft thick and
consist of well to poorly sorted deposits of clay,
silt, sand, and gravel. In places the interbeds
contain cinders and basalt rubble.

Interpreted stratigraphic relations of basali-
flow groups and sedimentary interbeds in the
unsaturated zone and uppermost part of the
aquifer at TAN are shown in figures 3-20. Flow
groups and interbeds in the lowermost part of the
aquifer were not evaluated for detailed strati-
graphic properties and in this report are referred
to as undifferentiated basalt and sediment

(figs. 3-8). Basalt and sediment are unsaturated to
a depth of about 200 ft. Rocks below this depth
are saturated and make up the Snake River Plain
aquifer (figs. 3-8). During 1990 to 1992, depth to
water ranged from 194 to 226 ft in 39 wells that
penetrate 26 to 687 ft of the aquifer. The deepest
well, TAN CH2, penetrates the effective base of
the aquifer at a depth of 885 ft below land surface,
an interpretation that is based on similar changes
in lithologic properties below this depth in wells
TAN CH2, GS 7, and 2-2A (fig. 8). The Snake
River Plain aquifer consists of upper and lower
parts in the areas south of TAN (Anderson, 1991).
The basalt and sediment that make up the unsat-
urated zone and the aquifer at TAN are equivalent
in age to those that make up the lowernmnost part of
the aquifer near the ICPP (fig 8).

STRATIGRAPHY OF THE
UNSATURATED ZONE AND
UPPERMOST PART OF THE
SNAKE RIVER PLAIN AQUIFER

The unsaturated zone and the uppermost part
of the Snake River Plain aquifer at TAN consist
of 22 basalt flows and 5 to 10 sedimentary inter-
beds. These deposits are overlain by a veneer of
surficial sediment. The 22 basalt flows make up
10 separate basalt-flow groups that erupted from
10 source vents near TAN. The basalt and sedi-
ment were subdivided into seven composite strati-
graphic units that are used to describe strati-
graphic relations in the subsurface. The top and
base of each composite unit coincide with geo-
logic contacts that are widespread and distinct in
most natural-gamma logs from wells in the area.

Basalt-Flow Groups and Sedimentary
Interbeds

Each basalt-flow group at TAN was assigned
an informal alphabetical designation of LM
through R on the basis of its position and age,
from youngest to oldest, in the stratigraphic
section. Flow groups LM through R were named
to reflect their older age compared with flow
groups A through L (fig. 8), a previously
described sequence of basalt-flow groups at the
ICPP, TRA, and RWMC (Anderson and Lewis,
1989; Anderson, 1991). Only two interbeds at
TAN, P-Q and Q-R, were named. These




interbeds, which are widespread in the subsurface,
were named to reflect their positions with respect
to flow groups P, Q, and R. Flow groups LM(W)
and LM(E) erupted from vents west and east of
TAN, respectively.

Flow groups A through L occupy the upper
850 ft of the subsurface east of the ICPP in wells
W-02 and NPR TEST (fig. 8). These flow groups,
which make up the unsaturated zone and upper-
most part of the aquifer at and near the ICPP,
TRA, and RWMC, range in age from about
95,000 to 800,000 years (Anderson and Lewis,
1989; Anderson, 1991; D.E. Champion, USGS,
written commun., 1993). Flow groups LM
through R, which make up the unsaturated zone
and uppermost part of the aquifer at TAN, range
in age from about 940,000 to 1.4 million years
(Lanphere and others, 1994). Flow groups LM
through R are equivalent, in part, to the youngest
basalt and sediment that make up the lowermost
part of the aquifer below the base of flow group L
in well W-02. Selected basalt cores from well W-
02, which was drilled in 1991 adjacent to well
NPR TEST, about 3 mi east of the ICPP (fig. 8),
range in age from about 980,000 years at a depth
of 1,200 ft to about 1.6 million years at a depth of
1,650 ft, near the effective base of the aquifer
(M.A. Lanphere, USGS, written commun., 1993).
Although some basalt flows in the depth interval
from 850 to 1,650 ft in well W-02 may correlate
with flow groups LM through R at TAN, detailed
stratigraphic relations between these areas
presently are uncertain.

Ages of basalt-flow groups LM through R,
which are summarized on pages 7 and 8, were
determined by correlating the flows with those of
known ages at the land surface and with dated
cores from wells TAN CH1 and TAN CH2
(Kuntz and others, 1990, D.E.; Lanphere and
others, 1994). Surficial basalt flows near TAN,
which collectively are referred to as LM, range in
age from about 800,000 to 1.0 million years; two
of these flows, LM{(W) and LM(E) are present in
the subsurface at TAN. Flow group LM(W),
which underlies the western part of TAN, corre-
lates with a dated surface flow that crops out near
well ANP 6 (fig. 3). Flow group LM(W) was
assigned an age of 939,000 years, the age that was

determined for the outcrop 3 mi northwest of well
ANP 6 (Kuntz and others, 1990). Flow group
LM(E) underlies the eastern part of TAN and
correlates with Circular Butte (fig. 1). Flow group
LM(E) was assigned an age intermediate to those
of flow groups LM(W) and N that is younger than
the age determined for the outcrop near Circular
Butte (Kuntz and others, 1990). A basalt core of
flow group N from well TAN CH1 yielded an age
of about 1.0 million years. A basalt core of flow
group P from well TAN CH1 yielded an age of
about 1.2 million years. Flow group R1, which
locally interfingers with sedimentary interbed
Q-R, has an age of about 1.4 million years on the
basis of ages of cores from well TAN CH2. Flow
group R1 yielded an age of about 1.6 million
years on the basis of ages of cores from well TAN
CH1, but this age was rejected in favor of the
younger age from well TAN CH2. Flow group R2
has not been dated and tentatively was assigned
the same age as flow group R1. Flow groups M,
MN, O, and Q also have not been dated and were
assigned ages intermediate to those of flow
groups LM(W), N, P, and R1. K-Ar ages of about
1.9 to 2.5 million years determined for undiffer-
entiated basalt above the effective base of the
aquifer in wells TAN CH1 and TAN CH2 also
were rejected. Instead, ages of 1.4 to 1.6 million
years were assigned to this basalt on the basis of
correlations using the combined data from wells
TAN CHI1, GS 7, 2-2A, and W-02 (fig. 8). A
K-Ar age of about 2.5 million years was deter-
mined for a basalt core taken from below the
effective base of the aquifer in well TAN CH2.
This age may be correct, but it is much older than
the age of deposits at a similar depth in well 2-2A.
Ages assigned to flow groups LM through R are:

o flow group LM(W) - 939,000£154,000 years

o flow group LM(E) - 939,000+154,000 to
1.01020.043 million years

e flow group M - 939,000+154,000 to
1.01020.043 million years

¢ flow group MN - 939,000+154,000 to
1.010+0.043 million years

o flow group N - 1.01020.043 million years

o flow group 0 - 1.01010.043 to 1.2484+0.069
million years




¢ flow group P - 1.24840.069 million years

e flow group Q - 1.24810.069 to 1.412+0.047
million years

e {flow group R1 - 1.41240.047 million years
o flow group R2 - 1.41240.047 million years
Basalt-flow groups LM through R make up

about 90 percent of the upper 500 ft of the sub-
surface at TAN; the remaining 10 percent consists

of sediment (figs. 3-8). The average thickness of

individual flow groups fully penetrated by wells
in the upper 500 ft ranges from 15 ft for flow
group LM(W) to 183 ft for flow group Q. Topo-
graphic relief of the top of flow groups ranges
from 29 ft for flow group LM(E) to 170 ft for
flow group P (figs. 3-8). Only flow groups P, Q,
and R2 underlie the entire area. Sedimentary
interbeds and other flow groups are, in places, not
present. Flow groups LM through O and the upper
part of P make up the unsaturated zone. Flow
groups Q and R and the lower part of P are below
the water table and, together with underlying
deposits, make up the Snake River Plain aquifer.
Detailed stratigraphic relations below the base of
flow group R2 were not determined because this
interval of basalt and sediment is penetrated by
only 2 of the 57 wells at TAN. Well TAN CH2
penetrates the effective base of the Snake River
Plain aquifer at a depth of 885 ft below land
surface (fig. 8).

Flow groups LM through R and equivalent
rocks make up the oldest part of the unsaturated
zone and the Snake River Plain aquifer between
TAN and the ICPP (fig. 8). Ages of these rocks
range from about 800,000 to 1.6 million years and
are similar to ages reported for the Bruneau
Formation of the western Snake River Plain
(Armstrong and others, 1975). Flow groups LM
through R and equivalent rocks accumulated
during the last half of the Matuyama Reversed-
Polarity Chron and, therefore, have reversed
paleomagnetic polarity. At TAN, these rocks are
bounded by unconformities. Near the ICPP, these
rocks overlie basalt deposited about 1.7 million
years ago during the Olduvai Normal-Polarity
Subchron and are overlain by basalt deposited
about 780,000 years ago-during the beginning of
the Brunhes Normal-Polarity Chron (Mankinen

and Dalrymple, 1979; D.E. Champion and M.A.
Lanphere, USGS, written commun., 1993),
Paleomagnetic boundaries at TAN (fig. 8)
indicate only relative ages of deposits because
deposits of Olduvai, latest Matuyama, and early
Brunhes ages are not present in this area.

Composite Stratigraphic Units

Seven composite stratigraphic units consisting
of multiple basalt-flow groups and related sedi-
mentary interbeds of similar age are used to
describe the subsurface stratigraphy of TAN. The
units, which are bounded by seven widespread
and generally distinct geologic contacts, include
the surficial sediment; flow groups LM(W),
LM(E), and M and related sediment; flow groups
MN and N and related sediment; flow group O
and related sediment; flow group P and related
sediment; flow group Q and related sediment; and
flow groups R1 and R2 and related sediment. The
geologic contacts include the base of the surficial
sediment, the base of flow group M, the base of
flow group N, the top of flow group P, the base of
flow group P, the base of flow group Q, and the
base of flow group R2. Sedimentary interbed P-Q
is included with flow group Q and related sedi-
ment. Sedimentary interbed Q-R is included with
flow groups R1 and R2 and related sediment.
Stratigraphic relations of composite units are
shown in figures 9-20 and table 1. Data for flow
groups R1 and R2 and related sediment are not
included in table 1 because only 2 of the 11 wells
that penetrate this unit fully penetrate its base.

Composite stratigraphic units consist mainly
of basalt (figs. 9-20 and table 1). The average
thickness of units ranges from 36 ft for the sur-
ficial sediment and for flow groups LM(W),
LM(E), and M and related sediment to 183 ft for
flow group Q and related sediment. Average
sediment content of units below the base of the
surficial sediment ranges from less than 1 percent
for flow group P and related sediment to 12
percent for flow groups R1 and R2 and related
sediment. Topographic relief of the top of compos-
ite units ranges from 27 ft for the surficial sedi-
ment to 170 ft for flow group P and related sedi-
ment. Composite stratigraphic units above the
base of flow group O are in the unsaturated zone.




Flow groups P, Q, and R and related sediment are
saturated in the southwestern part of TAN. Flow
groups Q and R and related sediment are the
principal water-bearing units of the Snake River
Plain aquifer above a depth of 500 ft in the
northeastern part of TAN.

Surficial sediment.—Basalt flows at TAN
are overlain by a veneer of surficial sediment that
is fully penetrated by all 57 wells (figs. 3-10;
table 1). In these wells, the base of surficial sedi-
ment is at a depth of 5 to 63 ft and ranges in
altitude from 4,723 to 4,783 ft. Thickness of the
surficial sediment ranges from 5 to 63 ft, averages
36 ft, and is greatest in well TAN 4. In this report,
description of the distribution of surficial sedi-
ment is considered approximate because it does
not include data from auger holes or reflect
changes in sediment thickness caused by construc-
tion of waste ponds and other manmade features.
The surficial sediment overlies flow groups
LM(W), LM(E), and M.

Flow groups LM(W), LM(E), and M and
related sediment.—Flow groups LM(W),

LM(E), and M and related sediment make up the
uppermost composite stratigraphic unit below the
base of the surficial sediment (figs. 3-8 and 10-12;
table 1). Flow group LM(W) consists of one flow
that erupted about 3 mi northwest of well ANP 6
from an unnamed vent on the Lava Ridge-Hells
Half Acre volcanic rift zone (fig. 1) (Kuntz and
others, 1990). This flow group has a limited areal
extent at TAN and is present only in wells ANP 6,
GIN 7, GIN 13, and GIN 20. Flow group LM(E)
consists of one flow that erupted about 3 mi east
of well GIN 5 from Circular Butte (fig. 1) on the
Circular Butte-Kettle Butte volcanic rift zone
(Kuntz and others, 1990). This flow group also
has a limited areal extent at TAN and is present
only in wells IET DISP, TAN 8, TAN 15, TAN
16, TAN 22, TAN 22A, TAN 23, TAN 23A,
TAN 24, and TAN 24A. Flow group M, which
underlies most of the area and is thickest in wells
TAN 23 and TAN 23A, consists of one to two
flows from an unidentified, buried vent near
TAN. Paleomagnetic propetrties of flow group M
are similar to those of Circular Butte (fig. 1);
however, flow group M was assigned to another
source vent because it locally is separated by

sediment from flow-group LM(E) and has a
character on most gamma logs different from that
of the younger, overlying flow. The composite
unit of flow groups LM(W), LM(E), and M and
related sediment was assigned an age that ranges
from 939,000+154,000 to 1.01040.043 million
years. The unit overlies flow groups MN and N
and related sediment and is overlain by the
surficial sediment.

The top of this composite stratigraphic unit,
which is penetrated by 48 of the 57 wells, is at a
depth of 5 to 63 ft and ranges in altitude from
4,723 to 4,783 ft (table 1). The base of the unit,
which is penetrated by 44 of the 57 wells, is at a
depth of 39 to 92 ft and ranges in altitude from
4,688 t0 4,743 ft. Thickness of the unit ranges
from O to 74 {t, averages 36 ft in wells that fully
penetrate its base, and is greatest in well GIN 20,
Sediment content of the unit ranges from O to 11
percent and averages less than 1 percent in wells
that fully penetrate its base; the number of
sedimentary interbeds in the unit ranges from
none to one.

Flow groups MN and N and related
sediment.—Flow groups MN and N and related

sediment form a moderately thick, widespread
composite stratigraphic unit at TAN (figs. 3-8 and
12-14; table 1). Flow groups MN and N each
consist of one to two flows that erupted from two
unidentified, buried source vents near TAN.
Paleomagnetic properties of flow groups MN and
N are similar to those of Circular Butte (fig. 1);
however, flow groups MN and N were assigned to
other source vents because the flows are thickest
northwest of TAN, are separated locally by sedi-
ment from flow group M, and have a character on
most gamma logs different from that of younger,
overlying flows. Flow groups MN and N and
related sediment was assigned an age that ranges
from 939,000£154,000 to 1.010+0.043 million
years. The unit overlies flow group O and related
sediment and is overlain by flow groups LM(W),
LM(E), and M and related sediment.

The top of this composite stratigraphic unit,
which is penetrated by 52 of the 57 wells, is at a
depth of 37 to 92 ft and ranges in altitude from
4,688 to 4,749 ft (table 1). The base of the unit,




which is penetrated by 48 of the 57 wells, is at a
depth of 83 to 193 ft and ranges in altitude from
4,588 to 4,707 ft. Thickness of the unit ranges
from O to 111 ft, averages 68 ft in wells that fully
penetrate its base, and is greatest in well GIN 20.
Sediment content of the unit ranges from 0 to 20
percent and averages 2 percent in wells that fully
penetrate its base; the number of sedimentary
interbeds in the unit ranges from none to two.

Flow group O and related sediment.—Flow
group O and related sediment form a moderately

thick, discontinuous composite stratigraphic unit
at TAN (figs. 3-8 and 14-16; table 1). Flow group
O consists of one to two flows that erupted from
an unidentified, buried source vent near TAN.
The unit, which is present mainly in the areas
southwest of SMC, TSF, and WRRTF (fig. 1),
was assigned an age that ranges from 1.010+0.043
to 1.24840.069 million years. The unit overlies
flow group P and related sediment and is overlain
by flow groups MN and N and related sediment.

The top of this composite unit, which is
penetrated by 30 of the 57 wells, is at a depth of
100 to 193 ft and ranges in altitude from 4,588 to
4,690 ft (table 1). The base of the unit, which is
penetrated by 24 of the 57 wells, is at a depth of
120 to 217 ft and ranges in altitude from 4,570 to
4,681 ft. Thickness of the unit ranges from 0 to 81
ft, averages 50 ft in wells that fully penetrate its
base, and is greatest in well TAN DD1. Sediment
content of the unit ranges from 0 to 100 percent
and averages 4 percent in wells that fully
penetrate its base; the number of sedimentary
interbeds in the unit ranges from none to two.

Flow group P and related sediment.—Flow
group P and related sediment form a thick, wide-

spread composite stratigraphic unit at TAN (figs.
3-8 and 16-18; table 1). The unit is underiain by
sedimentary interbed P-Q in only 16 of the 36
wells that penetrate its base. The top and base of
flow group P each have relief of about 170 ft that
is attributed to uplift in the northeastern part of
TAN after deposition of the flows. Flow group P
consists of at least four flows that erupted from an
unidentified, buried source vent near TAN. The
composite unit of flow group P and related sedi-
ment was assigned an age of 1.248+0.069 million

years. The unit overlies flow group Q and related
sediment and is overlain by flow group O and
related sediment in the southwestern part of TAN
and by basalt and sediment that are younger than
flow group O in the northeastern part of TAN.

The top of this composite unit, which is
penetrated by 43 of the 57 wells, is at a depth of
63 to 217 ft and ranges in altitude from 4,570 to
4,740 ft (table 1). The base of the unit, which is
penetrated by 36 of the 57 wells, is at a depth of
189 to 340 ft and ranges in altitude from 4,440 to
4,606 ft. Thickness of the unit ranges from 72 to
159 ft, averages 118 ft in wells that fully penetrate
its base, and is greatest in well TAN DD3.
Sediment content of the unit ranges from O to 9
percent and averages less than 1 percent in wells
that fully penetrate its base; the number of
sedimentary interbeds in the unit ranges from
none to two.

Flow group Q and related sediment.—Flow

group Q and related sediment also form a thick,
widespread composite stratigraphic unit at TAN
(figs. 3-8 and 18-20; table 1). The unit is under-
lain by sedimentary interbed Q-R in all 11 wells
that penetrate its base. The top and base of flow
group Q have relief of about 150 and 70 ft,
respectively, that is attributed to subsidence and
uplift during and after deposition of the flows.
Flow group Q consists of at Icast five flows that
erupted from an unidentified, buried source vent
near TAN. The composite unit of flow group Q
and related sediment was assigned an age that
ranges from 1.24810.069 to 1.41240.047 million
years. The unit overlies flow groups R1 and R2
and related sediment and is overlain by flow
group P and related sediment.

The top of this composite unit, which is
penetrated by 36 of the 57 wells, is at a depth of
189 to 340 ft and ranges in altitude from 4,440 to
4,606 ft (table 1). The base of the unit, which is
penetrated by 11 of the 57 wells, is at a depth of
400 to 479 ft and ranges in altitude from 4,310 to
4,381 ft. Thickness of the unit ranges from 129 to
220 ft, averages 183 ft in wells that fully penetrate
its base, and is greatest in well TAN 21. Sediment
content of the unit ranges from 0 to 6 percent and
averages 3 percent in wells that fully penetrate its




base; the number of sedimentary interbeds in the
unit ranges from none to three.

Flow groups R1 and R2 and related
sediment.—Flow groups R1 and R2 and related

sediment form a complex, moderately thick,
widespread composite stratigraphic unit at TAN
(figs. 3-8). Sedimentary interbed Q-R is present in
the 11 deepest wells in the area and flow groups
R1 and R2 are in 4 and 7 of these wells, respec-
tively. Flow groups R1 and R2 and interbed Q-R
have a total thickness of about 100 ft in wells
TAN CH1 and TAN CH2. Flow group R1, which
locally interfingers with interbed Q-R, is present
in wells TAN CH1, TAN CH2, TAN 18, and
TAN 23. Flow group R2, which underlies inter-
bed Q-R, is present in wells TAN CH1, TAN
CH2, TAN 18, TAN 21, TAN 22, TAN 22A, and
TAN 23. Sedimentary interbed Q-R is present in
wells TAN CH1, TAN CH2, TAN 18, TAN 19,
TAN 21, TAN 22, TAN 22A, TAN 23, TAN
23A, TAN 24, and TAN 24A. The composite unit
of flow groups R1 and R2 and related sediment
was assigned an age of 1.412+0.047 million
years. The unit overlies undifferentiated basalt
and sediment in wells TAN CH1 and TAN CH2
and is overlain by flow group Q and related sedi-
ment in these and other wells that penctrate the
unit.

The top of this composite unit, which is pene-
trated by 11 of the 57 wells, is at a depth of 400 to
479 ft and ranges in altitude from 4,310 to 4,381
ft. The base of the unit, which is penetrated by 2
of the 57 wells, TAN CH1 and TAN CH2 (figs.
3-8), is at a depth of 501 to 550 ft and ranges in
altitude from 4,240 to 4,280 ft. Thickness of the
unit is 101 ft in well TAN CH1 and 103 ft in well
TAN CH2. Sediment content of this unit in wells
TAN CH1 and TAN CH2 ranges from 9 to
16 percent and averages 12 percent; sedimentary
interbed Q-R consists of two layers separated by
flow group R1 in these wells.

Paleomagnetic properties and potassium
contents of flow groups R1 and R2 in wells TAN
CHI1 and TAN CH2 suggest a more complex
relation between the flows than was interpreted
from geophysical logs. Flow group R1, which
consists of a single flow in each of these wells,

has a much lower potassium content than flow
group R2; however, flow group R1 in well TAN
CH2 has paleomagnetic properties that are more
like those of flow group R2 than those of the
adjacent flow group R1 in well TAN CH1. Paleo-
magnetic properties and potassium contents of
flow groups R1 and R2 suggest that these flows
erupted from at least two unidentified source
vents near TAN. Because it was not possible with
available data to determine detailed stratigraphic
relations between flow groups R1 and R2, strati-
graphic position of the flows with respect to
sedimentary interbed Q-R was used as the main
criteria for subdividing and determining the areal
distribution of this composite stratigraphic unit.

Stratigraphic and Depositional
Relations

The eruptions of flow groups LM through R
covered TAN and nearby areas with hundreds of
feet of basalt, ash, and cinders from about
940,000 to 1.4 million years ago. Each eruption
was followed by a long period of volcanic quies-
cence during which sediment accumulated in
stream channels, flood plains, playas, and dunes.
Distribution and thickness of basalt and sediment
were controlled by the source and volume of each
deposit and the topographic relief of underlying
rocks. Topographic relief was controlled by sub-
sidence, uplift, and distribution of basalt source
vents, some of which grew as high as 300 ft.
Although eruptions were infrequent and brief,
they produced enormous volumes of basalt.
Basalt, which accumulated at a rate much greater
than that of sediment, makes up about 90 percent
of the volume of deposits underlying TAN.

Flow groups R1 and R2 erupted from at least
two unidentified source vents near TAN and
covered older basalt and sediment from TAN to
well 2-2A (figs. 3-8). Flow groups R1 and R2 also
covered nearby areas north, east, and west of
TAN. These basalt flows accumulated to a maxi-
mum thickness of about 100 ft and were overlain
by sedimentary interbed Q-R. Flow groups R1
and R2 and sedimentary interbed Q-R were tilted
and folded by subsidence and uplift between TAN
and well 2-2A before or during the eruption of




flow group Q. Uplift may have fractured these
and older rocks near well 2-2A.

Flow group Q erupted from an unidentified
source vent near TAN and accumulated in a wide-
spread topographic depression formed by subsi-
dence and uvplift of flow groups R1 and R2 and
older rocks (figs. 3-8 and 18-20). These basalt
flows had enormous volume and spread from
TAN to well GS 7, where they lapped against the
northward-dipping surface of flow groups R1 and
R2 in the area north of well 2-2A. Flow group Q
also covered nearby areas north, east, and west of
TAN. The basalt flows accumulated to a maxi-
mum thickness of 220 ft. Flow group Q was
overlain, in places, by sedimentary interbed P-Q
before the eruption of flow group P.

Flow group P erupted from an unidentified
source vent near TAN and covered flow group Q
from TAN to the area south of well GS 7 (figs.
3-8 and 16-18). Flow group P also covered nearby
areas north, east, and west of TAN. These basalt
flows had about the same volume as flow group Q
and accumulated to a maximum thickness of 159
ft. Flow group P, which was overlain, in places,
by thin layers of sediment, was folded and tilted
by uplift of 50 to 170 ft in the northeastern part of
TAN before the eruption of flow group O. Uplift
probably fractured flow group P and older rocks
in this area.

Flow group O erupted from an unidentified
source vent near TAN and covered flow group P
from TAN to the area south of well GS 7 (figs.
3-8 and 14-16). Flow group O, which lapped
against the southward-dipping surface of flow
group P along the flanks of the earlier uplift,
spread beyond this feature and covered nearby
areas north, east, and west of TAN. These basalt
flows had less volume than flow groups P and Q
and accumulated to a maximum thickness of 81 ft.
Flow group O was overlain in places by thin
layers of sediment before the eruptions of flow
groups MN and N.

Flow groups MN and N erupted from two
unidentified source vents near TAN and covered
flow groups O and P from TAN to the area south
of well GS 7 (figs. 3-8 and 12-14). Flow groups
MN and N covered the earlier uplift and spread

beyond this feature to nearby areas north, east,
and west of TAN. These basalt flows had about
the same volume as flow group O and accumu-
lated to a maximum thickness of 111 ft. Flow
groups MN and N were overlain in places by thin
layers of sediment before the eruptions of flow
groups LM(W), LM(E), and M.

Flow groups LM(W), LM(E), and M were the
last basalt flows deposited at TAN. Flow group
M, which erupted from an unidentified source
vent near TAN, had about the same volume and
distribution as flow groups MN and N (figs. 3-8
and 10-12). Flow groups LM(W) and LM(E) had
much less volume, were more localized, and built
higher shields than flow groups M through R,
characteristics that are attributed to changes in
eruptive styles after the eruption of flow group M.
Flow groups LM(W) and LM(E), which erupted
from surface vents on the Lava Ridge-Hells Half
Acre and Circular Butte-Kettle Butte volcanic rift
zones (fig. 1) had only enough volume to cover
the most western and eastern parts of TAN. Flow
groups LM(W) and M accumulated to a maxi-
mum thickness of 74 ft in the westemn part of
TAN. Flow groups LM(E) and M accumulated to
a maximum thickness of 70 ft in the eastern part
of TAN. Flow groups LM(W), LM(E), and M
were overlain by surficial sediment after a long
period of erosion. TAN, which is situated between
outcrops of LM(W) and LM(E), now is underlain
by 5 to 63 ft of surficial sediment. Topographic
relief of the top of flow group LM(E) between
TAN and Circular Butte (fig. 1), the source of this
flow group and the highest volcanic vent in the
area, is about 300 ft.

The eruptions of flow groups LM through R
deposited about 8 mi® of basalt within a 5-mi
radius of TAN from about 940,000 to 1.4 million
years ago. Similar paleomagnetic properties
among successive flow groups suggest that these
eruptions took place during four or five volcanic
episodes during this period. Each episode prob-
ably lasted no more than a few hundred years and
was followed by a period of sediment accumula-
tion that lasted for hundreds to hundreds of thou-
sands of years. Flow groups R1 and R2, which
comprise about 19 percent of the total volume of
the upper 500 ft of rocks, probably erupted during




a volcanic episode about 1.4 million years ago.
Flow groups O, P, and Q, which comprise about
63 percent of this volume, may have erupted
during a single episode about 1.2 million years
ago or during two episodes about 1.2 and 1.3
million years ago. Flow groups LM(E), M, MN,
and N comprise about 18 percent of the volume,
and probably erupted during a volcanic episode
about 1 million years ago. Flow group LM(W),
which forms a minor part of the uppermost layer
of basalt, erupted about 940,000 years ago. The
volumes of flow groups M through R were large
compared with those of flow groups LM(W) and
LM(E). The eruptions of flow groups M through
R produced moderately thick to thick, continuous
layers of basalt that covered areas ranging from
about 75 to 200 mi. Later eruptions, which
included those of flow groups LM(W), LM(E),
and other LM groups north and west of TAN,
formed many thin, discontinuous layers of basalt
that covered areas ranging from about 5 to 15 miZ.
The youngest known eruption in this part of the
INEL occurred about 800,000 years ago in the
area north of TAN (Kuntz and others, 1990).
Volcanism near TAN ceased about 800,000 years
ago but continued in other parts of the INEL to a
much more recent time. The depositional hiatus at
and near TAN, which is attributed to uplift and
cessation of volcanism in the area about 800,000
years ago, is the longest known hiatus at the INEL
during the past 1.6 million years. By contrast, the
eruptions of basalt-flow groups A through L
(Anderson and Lewis, 1989; Anderson, 1991)
covered flow groups LM through R and
equivalent rocks with about 600 to 1,200 ft of
younger basalt flows in the southemn and eastern
parts of the INEL during the past 800,000 years.

Structural Implications

Stratigraphic relations show that flow groups
LM through R and equivalent rocks between TAN
and the ICPP (figs. 3-8) are tilted and folded.
Deformation resulted from simultaneous subsi-
dence and uplift distributed across areas of tens to
hundreds of square miles (Anderson, 1991). Sub-
sidence was accompanied by basaltic volcanism
and generally was greatest near clustered source
vents of similar age. Uplift probably was related
to the intrusion and doming of silicic magmas

beneath previously deposited basalt flows and
sedimentary layers. Localized differential
structural movements related to subsidence and

_uplift likely fractured basalt flows in places. Some

lavas that were extruded during deformation
ponded in structurally generated topographic
depressions as deep as several hundred feet.
Deformation and volcanism were episodic and
shifted from place to place. Most older rocks that
were deformed by subsidence and uplift eventu-
ally were covered by younger basalt and sediment
and are no longer visible at the land surface.
Areas of subsidence are characterized by inwardly
dipping layers that are overlain by thick, progress-
ively younger deposits. Areas of uplift are charac-
terized by outwardly-dipping layers that are over-
lain by thin, intermittently younger deposits.
Uplift is attributed to silicic volcanism because
the style of deformation is similar to that caused
by rhyolite domes at the land surface in nearby
arcas (Kuntz and others, 1990; Kellogg and
Embree, 1986). Tilted and fractured basalt flows
cover some rhyolite domes at the land surface and
probably cover concealed domes near the
RWMC, ICPP, TRA, and TAN.

The western half of the INEL subsided and
was overlain by basalt and sediment from about
3.2 to 1.6 million years ago.The basalt and sedi-
ment accumulated in a shallow lake or playa that
covered the area. Thick layers of clay and silt
accumulated near wells 2-2A, GS 15, and INEL-1
(figs. 1 and 8). Sediment interfingered with basalt
near TAN and the ICPP. This sediment and basalt
accumulated at an average rate of about 65 ft per
100,000 years. These deposits are altered, are
about 1,000 ft thick, and form the effective base
of the Snake River Plain aquifer. Although the
areal extent of the deposits beyond the western
half of the INEL is unknown, ages of the deposits
are similar to those reported by Kimmel (1982)
for the Glenns Ferry Formation. This sedimentary
formation, which crops out in southem Idaho,
directly underlies basalt flows of the Snake River
Plain aquifer where it discharges to the Snake
River about 100 mi southwest of the INEL
(Whitehead, 1992).

Subsidence and volcanism increased in parts
of the INEL about 1.6 million years ago. The area




between TAN and the ICPP subsided and was
overlain by about 800 ft of basalt and sediment
from about 1.6 million to 800,000 years ago. Flow
groups LM through R and equivalent rocks accu-
mulated in the depression at an average rate of
about 100 ft per 100,000 years. Deposits of this
age either did not accumulate in or were eroded
from the area mountainward from the Big Lost
River (fig. 1). This area did not subside or sub-
sided at a much slower rate than the area between
TAN and the ICPP. Flow groups LM through R
and equivalent rocks accumulated in the eastem
half of the INEL, but their distribution and thick-
ness are uncertain. These and older deposits may
have been fractured by differential subsidence
near the Big Lost River; the deposits probably
were fractured by uplift at and near TAN.

Stratigraphic relations of flow groups LM
through R and equivalent rocks were caused, in
part, by three uplifts that occurred at and near
TAN. The first uplift, which occurred about 1.4
million years ago before the eruption of flow
group Q, elevated rocks near well 2-2A about
200 ft (fig. 8). The second uplift, which occurred
about 1.2 million years ago before the eruption of
flow group O, elevated rocks in the northeastern
part of TAN about 50 to 170 ft (figs. 3-7). The
third uplift, which occurred about 800,000 years
ago after the eruption of flow group LM(W), ele-
vated rocks in the northernmost part of the INEL
about 900 ft (fig. 8). Each uplift is attributed to
the doming of silicic magmas beneath a cover of
basalt and sediment at least 3,000 ft thick. Domes
range from about 5 to 200 mi? in areal extent and
probably are covered by tilted, folded, and
fractured basalt flows. The youngest and largest
dome, which is concealed by a veneer of surficial
sediment near its center and flow groups A
through L and related sediment near its flanks,
underlies the area north of wells DH 2A and SITE
14 and northwest of wells GS 28, GS 31, and GS
27 (figs. 1 and 8).

Subsidence increased at the INEL about
800,000 years ago and gradually lowered older
rocks, including the dome at TAN, by hundreds of
feet with respect to the adjacent mountain ranges.
The area was covered by flow groups A through L
and related sediment (fig. 8) (Anderson and
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Lewis, 1989; Anderson, 1991). The thickest
deposits accumulated south and east of TAN from
about 800,000 to 200,000 years ago. About 600 to
1,200 ft of basalt and sediment accumulated
during this period at rates that ranged from about
100 to 200 ft per 100,000 years. Thickness and
accumulation rates of these deposits were greatest
near the axial volcanic zone, where maximum
subsidence and volcanism occurred. Thickness
and accumulation rates of deposits were least near
the ICPP, TRA, and RWMC, where periodic
uplift occurred (Anderson, 1991). Near TAN,
flow groups A through L and related sediment
lapped against and eventually covered the subsid-
ing dome. The dome remained elevated with
respect to other parts of the INEL until about
200,000 years ago.

Volcanism and accumulation rates of deposits
markedly decreased at the INEL about 200,000
years ago. This decrease coincided with either a
shift in the area of maximum subsidence from the
axial volcanic zone to the central parts of the
INEL or uplift of the axial volcanic zone (fig. 1).
During the past 200,000 years, the central parts of
the INEL from TAN to the RWMC have subsided
about 400 ft but have been covered by less than
75 ft of basalt and sediment. During this time,
surficial sediment accumulated in most areas of
the INEL. The largest amount of surficial sedi-
ment accumulated near the Big Lost River and
between the terminus of the river and Mud Lake
(fig. 1). Thick sediment in wells SITE 14, 2-2A,
GS 18, and GS 27 (figs. 1 and 8), which are near
the southern and eastern flanks of the concealed
dome near TAN, probably was deposited by the
ancestral river and lake before modem drainages
developed. The ancestral river probably termi-
nated south of the dome near wells SITE 14,
2-2A, and GS 18. The modem river terminates on
the concealed dome near well GS 7 (fig. 1).

Ages of concealed domes at the ICPP, TRA,
RWMC, and TAN coincide with the ages of four
rhyolite domes and one latite flow at the land
surface near the southern and southeastemn
boundaries of the INEL (Kuntz and others, 1990;
Anderson, 1991). Shapes of the domes are similar
to that of the Buckskin Dome (Kellogg and
Embree, 1986), an older 25 mi? intrusion about




50 mi southeast of the INEL that is covered by
tilted and fractured basalt flows. Big Southern
Butte, Middle Butte, East Butte, and an unnamed
thyolite dome between Middle and East Buttes
(fig. 1) are 10 to 15 mi south and southeast of the
ICPP and TRA. Big Southern and Middle Buttes
are capped by deformed basalt flows, and the
thyolitic rocks of Middle and East Buttes may
intrude the older unnamed rhyolite dome that
crops out between them. Ages of Big Southem,
Middle, and East Buttes range from about
300,000 to less than 1.1 million years; the
unnamed rhyolite dome between Middle and East
Buttes was dated at about 1.4 million years
(Kuntz and others, 1990). A thick latite flow from
Cedar Butte (fig. 1), which lies to the east of Big
Southern Butte, was indirectly dated at about
450,000 years on the basis of ages of underlying
and overlying basalt flows in the subsurface east
of the vent (Anderson, 1991). Ages of the con-
cealed domes at the ICPP, TRA, RWMC, and
TAN and the four rhyolite domes and one latite
flow at the land surface near the INEL suggest
that silicic volcanism occurred in the southem,
southeastern, and northerm parts of the INEL from
about 1.4 million to 300,000 years ago. Silicic
volcanism and uplift of domes, which affected
areas of about 1 to 200 mi?, occurred in many
places coincident with the eruption of basaltic

~magmas and widespread subsidence. The com-
plex structural relations at TAN and between
TAN and the ICPP are a result of these differing
and sometimes simultancous magmatic and
structural processes.

Hydrologic Implications

Stratigraphic, depositional, and structural
relations in the unsaturated zone ultimately will
affect the migration of radioactive, chemical, and
sanitary waste from TAN to the Snake River Plain
aquifer. Basalt flows, although relatively imper-
meable, contain numerous fractures that are
potential avenues for downward flow of contam-
inated water. Sedimentary interbeds may facilitate
or retard downward flow depending on the size
and sorting characteristics of clasts. Lateral flow
and perching of water is possible along the tops of
some clay and silt interbeds, and discontinuous
interbeds may divert flow toward underlying or

adjacent basalt flows. Lateral flow and perching
of water is most likely near wells GIN 6 through
GIN 20 (figs. 2 and 4) at depths of 50 to 100 ft,
where locally continuous layers of clay and silt
are present between flow groups M, MN, and N.
Flow above this and other localized layers of
sediment such as those in wells FET DISP, GIN
3, TAN CH1, TAN 9, TAN 10, and TAN 24A
(figs. 2-7) between a depth of 40 to 150 ft may be
diverted along bedding surfaces until it reaches
open vertical fractures or wells open to deeper
parts of the unsaturated zone and aquifer.

Vertical fractures caused by subsidence and
uplift may cut across many basalt flows and
sedimentary interbeds, especially in the area
affected by uplift of flow group P and older rocks
in the northeastern part of TAN (figs. 3-7). These
fractures may provide avenues for downward
flow of contaminated water through the unsat-
urated zone and increase the permeability of the
aquifer. Basalt and sediment also may be
fractured in places from uplift between TAN and
wells DH 2A, SITE 14, GS 28, GS 31, and GS 27
(figs. 1 and 8). These fractures, which likely
consist of radial and concentric segments, may
provide preferential pathways for ground-water
flow and movement of waste between TAN and
well SITE 14 (fig. 8).

Waste that migrates to parts of the aquifer
where basalt and sediment are not fractured may
be retarded in its downward travel between the
water table and the top of sedimentary interbed
Q-R. This interbed, which consists mainly of clay
and silt, is present in all wells drilled to the base
of flow group Q (figs. 3-7). Interbed Q-R, which
locally interfingers with flow group R1, is at a
depth of 400 to 500 ft below land surface in the
immediate vicinity of TAN. The interbed is about
50 to 150 ft below the bottom of the disposal well,
TSF DISP (fig. 5), where substantial volumes of
low-level radioactive, chemical, and sanitary
wastewater were discharged into the aquifer from
1953 to 1972 (Orr and Cecil, 1991). Interbed Q-R
is sufficiently thick and widespread to retard mix-
ing of ground water between the more permeable
basalt flows of flow groups Q and R2 situated
above and below the interbed, respectively. Water
samples collected above interbed Q-R contain
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high levels of trichloroethylene compared with
samples collected below the interbed (Kaminsky
and others, 1994).

Further study is needed to determine the
effects of geologic characteristics on the migra-
tion of radioactive, chemical, and sanitary waste
through the unsaturated zone and the Snake River
Plain aquifer at TAN. Factors that need further
study include: the distribution and lithology of
individual basalt flows of each flow group; the
distribution and characteristics of individual flow
contacts, fractures, and vesicles; the lithology and
mineralogy of sedimentary interbeds; and the
distribution of hydraulic properties of basalt and
sediment. Hydraulic properties determined by
direct measurement and extrapolated by indirect
measurement need to coincide with observed
stratigraphic boundaries because log signatures of
induced gamma radiation indicate numerous,
layer-dependent density differences with depth.
Geochemical properties, such as sorption
coefficients, also need to be evaluated.

Additional deep test wells and continuous
cores are needed to evaluate hydrologic implica-
tions of the dome between TAN and welis
DH 2A, SITE 14, GS 28, GS 31, and GS 27
(figs. 1 and 8). This dome may affect the south-
ward migration of waste in the aquifer from TAN
in several ways. Ground water eventually will
migrate from the older rocks at TAN to the
younger rocks near the southern flank of the
dome. The younger basalt flows in this area
generally have larger hydraulic conductivities
than the older basalt flows at TAN, but wells near
the southern flank of the dome penetrate thick
layers of clay and silt in the uppermost part of the
aquifer. Interpreted stratigraphic relations
between wells 2-2A and SITE 14 (fig. 8) suggest
that uplift was sufficiently large to fracture older
rocks in this area. These structural and strati-
graphic features probably cause preferential path-
ways and complex gradients for ground-water
flow in the aquifer between TAN and well
SITE 14.

Additional deep test wells and continuous
cores also are needed to evaluate geohydrologic
characteristics below the base of flow group R2

that could affect the movement of waste at and
near TAN. The undifferentiated basalt and sedi-
ment between the base of flow group R2 and the
effective base of the aquifer in well TAN CH2
correlate with deposits in wells GS 7, 2-2A, and
W-02 (fig. 8) that are transmissive on a regional
scale. The undifferentiated basalt and sediment
below the effective base of the aquifer in well
TAN CH2 correlate with deposits in wells GS 7,
2-2A, GS 15, W-02, and INEL-1 (figs. 1 and 8)
that are several orders of magnitude less trans-
missive than the basalt and sediment that make up
the aquifer (Mann, 1986). Additional deep test
wells and continuous cores to a depth of 885 ft are
needed to better evaluate geohydrologic character-
istics in the lowermost part of the aquifer at TAN.
One test well and one continuous core in the
depth interval from 885 to 2,000 ft are needed to
better evaluate geohydrologic characteristics
below the effective base of the aquifer.

SUMMARY AND CONCLUSIONS

Wells drilled to depths of at least 500 ft at
TAN penetrate a complex sequence of basalt
flows and sedimentary interbeds that ranges in
age from about 940,000 to 1.4 million years. The
sequence includes 10 basalt-flow groups and 5 to
10 sedimentary interbeds. Each basalt-flow group
consists of one or more basalt flows from a brief,
single or compound eruption. All basalt flows of
each group erupted from the same vent and have
similar ages, paleomagnetic properties, potassium
contents, and natural-gamma emissions. Sedimen-
tary interbeds consist of fluvial, lacustrine, and
eolian deposits of clay, silt, sand, and gravel that
accumulated for hundreds to hundreds of thou-

_sands of years during periods of volcanic quies-

cence. Basalt and sediment were tilted, folded,
and fractured by subsidence and uplift. Basalt and
sediment are unsaturated to a depth of about 200
ft below land surface. Deposits below this depth
are saturated and make up the Snake River Plain
aquifer. The effective base of the aquifer is at a
depth of 885 ft below land surface. Detailed strati-
graphic relations were not determined for the
lowermost part of the aquifer in the depth interval
from 500 to 885 ft because of insufficient data.
Basalt and sediment between the land surface and
the effective base of the aquifer at TAN correlate




with rocks that make up the lowermost part of the
Snake River Plain aquifer in the southern and
eastern parts of the INEL.

The stratigraphy of basalt-flow groups and sed-
imentary interbeds was determined from natural-
gamma logs, lithologic logs, and well cores.
Basalt cores were evaluated for potassium-argon
ages, paleomagnetic properties, petrographic
characteristics, and chemical composition. Strati-
graphic control was provided by differences in
ages, paleomagnetic properties, potassium con-
tent, and natural-gamma emissions of basalt-flow
groups and sedimentary interbeds.

Results of this investigation indicate a need for
additional geologic data. Additional cores evalu-
ated for geologic ages, paleomagnetic properties,
petrographic characteristics, and chemical compo-
sition are needed to verify stratigraphic relations
in the unsaturated zone and uppermost part of the
aquifer. Verification of structural interpretations
will require similar data from selected basalt
outcrops in areas adjacent to TAN. Determination
of stratigraphic relations and geohydrologic
characteristics in the lowermost part of the aquifer
will require additional test holes and cores to a
depth of at least 885 ft. A test hole completed to a
depth of 2,000 ft is needed to evaluate geohydro-
logic characteristics below the effective base of
the aquifer. Additional deep test holes and con-
tinuous cores also are needed south of TAN to
better evaluate stratigraphic and structural rela-
tions that may affect the southward migration of
waste in the aquifer. Identification of additional
basalt flows in cores and outcrops will improve
interpretations of stratigraphic and structural
relations at TAN and elsewhere on the INEL and
castern Snake River Plain.

REFERENCES CITED

Ackerman, D.J., 1991, Transmissivity of the Snake
River Plain aquifer at the Idaho National
Engineering Laboratory, Idaho: U.S. Geolog-
ical Survey Water-Resources Investigations
Report 91-4058 (DOE/ID-22097), 35 p.

Anderson, S.R., 1991, Stratigraphy of the
unsaturated zone and uppermost part of the
Snake River Plain aquifer at the Idaho
Chemical Processing Plant and Test Reactors
Area, [daho National Engineering Laboratory,
Idaho: U.S. Geological Survey Water-
Resources Investigations Report 91-4010
(DOE/ID-22095), 71 p.

Anderson, S.R., and Bartholomay, R.C., 1990, Use
of natural gamma logs correlated to
potassium-oxide content in determining the
stratigraphy of basalt and sediment at the
Idaho National Engineering Laboratory: [abs.]
Geological Society of America Abstracts with
Programs, 43rd Annual Meeting, Rocky
Mountain Section, v. 22, no. 6, p. 1.

Anderson, S.R., and Lewis, B.D., 1989,
Stratigraphy of the unsaturated zone at the
Radioactive Waste Management Complex,
Idaho National Engineering Laboratory,
Idaho: U.S. Geological Survey Water-
Resources Investigations Report 89-4065
(DOE/ID-22080), 54 p.

Armnstrong, R.L., Leeman, W.P., and Malde, H.E.,
1975, K-Ar dating, Quaternary and Neogene
volcanic rocks of the Snake River Plain,
Idaho: American Joumnal of Science, v. 275,
no. 3, p. 225-251.

Bartholomay, R.C., 1990, Digitized geophysical
logs for selected wells on or near the Idaho
National Engineering Laboratory, Idaho: U.S.
Geological Survey Open-File Report 89-366
(DOE/ID-22088), 347 p.

Bates, R.L., and Jackson, J.A., eds., 1980, Glossary
of geology (2d. ed.): Falls Church, Va.,
American Geological Institute, 749 p.

Cecil, L.D., Orr, B.R., Norton, Teddy, and
Anderson, S.R., 1991, Formation of perched
ground-water zones and concentrations of
selected chemical constituents in water, Idaho
National Engineering Laboratory, Idaho,
1986-88: U.S. Geological Survey Water-
Resources Investigations Report 91-4166
(DOE/ID-22100), 53 p.




Champion, D.E., Lanphere, M.A., and Kuntz,
M.A., 1988, Evidence for a new geomagnetic
reversal from lava flows in Idaho-—discussion
of short polarity reversals in the Brunhes and
Late Matuyama Polarity Chrons: Journal of
Geophysical Research, v. 93, no. B10,

p. 11,677-11,680.

Doherty, D.J., McBroome, L.A., and Kuntz, M.A.,
1979, Preliminary geological interpretation
and lithologic log of the exploratory
geothermal test well (INEL-1), Idaho National
Engineering Laboratory, eastern Snake River
Plain, Idaho: U.S. Geological Survey Open-
File Report 79-1248, 9 p.

Kaminsky, J.F., Keck, K.N., Schafer-Perini, AL.,
Hersley, C.F., Smith, R.P., Stormberg, G.J,,
and Wylie, A.H., 1994, Remedial investi-
gation final report with addenda for the Test
Area North groundwater operable unit 1-07B
at the Idaho National Engineering Laboratory,
volume 1: Idaho Falls, Idaho, EG&G Idaho,
Inc. Report EGG-ER-10643, variously paged
[available from U.S. Department of Energy,
Idaho Operations Office, 785 DOE Place,
Idaho Falls, ID 83401-1562]

Kellogg, K.S., and Embree, G.F., 1986, Geologic
map of the Stevens Peak and Buckskin Basin
areas, Bingham and Bannock Counties, Idaho:
U.S. Geological Survey Miscellaneous Field
Studies Map MF-1854, scale 1:24,000, 1
sheet.

Kimmel, P.G., 1982, Stratigraphy, age, and tec-
tonic setting of the Miocene-Pliocene lacus-
trine sediments of the western Snake River
Plain, Oregon and Idaho, in Bonnichsen, B.,
and Breckenridge, R.M., eds., Cenozoic
geology of Idaho: Idaho Bureau of Mines and
Geology Bulletin 26, p. 559-578.

Kuntz, M.A., Covington, H.R., and Schorr, L.J.,
1992, An overview of basaltic volcanism of
the eastern Snake River Plain, Idaho, in Link,
P.K., Kuntz, M. A., and Platt, L.B., eds.,
Regional geology of eastern Idaho and
western Wyoming: Geological Society of
America Memoir 179, p. 227-267.

Kuntz, M. A., Dalrymple, G.B., Champion, D.E.,
and Doherty, D.J., 1980, Petrography, age,
and paleomagnetism of volcanic rocks at the
Radioactive Waste Management Complex,
Idaho National Engineering Laboratory,
Idaho, with an evaluation of potential volcanic
hazards: U.S. Geological Survey Open-File
Report 80-388, 63 p.

Kuntz, M.A., Skipp, B., Lanphere, M.A., Scott,
W.E., Pierce, K.L., Dalrymple, G.B., Morgan,
L.A., Champion, D.E., Embree, G.F., Smith,
R.P., Hackett, W.R., Rodgers, D.W., and
Page, W.R_, 1990, Revised geologic map of
the Idaho National Engineering L.aboratory
and adjoining areas, eastern Idaho: U.S.
Geological Survey Open-File Report 90-333,
35p.

Lanphere, M.A., Champion, D.E., and Kuntz,
M.A., 1993, Petrography, age, and paleo-
magnetism of basalt lava flows in coreholes
Well 80, NRF 89-04, NRF 89-05, and ICPP
123, Idaho National Engineering Laboratory:
U.S. Geological Survey Open-File Report
93-327, 40 p.

Lanphere, M.A., Kuntz, M.A_, and Champion,
D.E., 1994, Petrography, age, and paleomag-
netism of basaltic lava flows in coreholes at
Test Area North (TAN), Idaho National
Engineering Laboratory: U.S. Geological
Survey Open-File Report 94-686, 49 p.

Mankinen, E.A., and Dalrymple, G.B., 1979,
Revised geomagnetic polarity time scale for
the interval 0-5 m.y. B.P.: Journal of
Geophysical Research, v. 84, p.-615-626.

Mann, L.J., 1986, Hydraulic properties of rock
units and chemical quality of water for
INEL-1—a 10,365-foot deep test hole drilled
at the Idaho National Engineering Laboratory,
Idaho: U.S. Geological Survey Water-
Resources Investigations Report 86-4020
(IDO-22070), 23 p.




Orr, B.R,, and Cecil, L.D., 1991, Hydrologic
conditions and distribution of selected
chemical constituents in water, Snake River
Plain aquifer, Idaho National Engineering
Laboratory, Idaho, 1986 to 1988: U.S.
Geological Survey Water-Resources
Investigations Report 91-4047 (DOE/ID-
22096), 56 p.

Whitehead, R.L., 1992, Geohydrologic framework
of the Snake River Plain regional aquifer
system, Idaho and eastern Oregon: U.S.
Geological Survey Professional Paper 1408-
B, 32 p., 6 pls. in pocket.

19 -




"YUON BOIV 1S3, 18 V-V uonoas o130[09D--"¢ AImI1g

[o]

SH3IL3IN
1334

HO NYL

dsia 134

0§, 005 0S¢ O

et A

000E 0002 000 O

TI3IM o

i

086 .E¥

08,16 &Y

2avschl

U0I}08S O UOHERDO0T

rechl

80BYNS puB| MO|aq
108} Ul ‘oM Jo Lydap (€10} SI [|em JO WoRoq
1e ‘009 “4oqUWINN "Z661-066 Ul 18jinbe

Ul [9AS] JOIEM paINSEaLU $81edIpul MOLY
*266 1 Ul Jaynbe ul |9AS] Jojem pelewise Jo
painseaw sejeolpul aul| payseq “Jeliuep!

llom 220 S! ‘LHO NVL ‘Aju3 — 7713m

urepasun
aleym palend — LOVINOD 31907039

8|qgnJ Jjeskeq pue siapulo
sepnjou| Ajfeoo “pegiejul Aejuswipas

10feN — TIAVHD ANV ‘ANVS ‘LIS “AV10

Juswipss Jo siafe|

U1y} pue Siapuid sapnoul Aj|eooT "uoljoes

J0 woyoq o0} doj woij dnoib jo @ousnbaes

S8JedIpul ‘d ‘49197 "SMOJ} pele|al 8iow Jo auo
10 pasodwoo dnoib moy) - eseg ~— 11VSY4

NOILVYNV1dXd

ok
Iz

20




PANUTIUO)--"YIION BOIY 1S3 I8 V-V UOTS J150[090)--¢ dmS1g

SH3LIW ow..k. omm omm

0
i T3A31 VIS SINNLYQ
0

LIgA 1 1
1334 000€ 0002 000} L1 X NOILVHIOOVXE TvOILHIA

009

002'y

N N a— PajERUBIBHIPUN USWIPES pUe JlEseg

~ 00E'Yy

~ 00v'y

— 008’y

21

— 009t

= 00L'Y

= 008"y

dsid 134
9 dNV

= 006t

13-3 UOOSS L NVL o
d-d4 pue
10-0 SUCHI9S LHO NY.L

«d-Q UoHo0S ¥ NV.L

,0-0 UOH09G £01a Ny L

== 0006
1334

<
<




“YLION BAIY 1S9, 18 , g-§f uUonoas 91301090 2m3ry

SHILIN 05 00§ 0% O
— ]

1994 oooe ocooz 000+ O
aoelNs pue| mojeq
198} Ul ‘||om Jo yidep [ej0} si [[dMm JO Wonoq
7 18 ‘pLL L JoquinN "2661-0661 Ul jajnbe
Ui [9A3] Jolem painseaw S9)eo|pUl MOy
*266 1 Ul 1eynbe ul |oAs| J8jem pajewise 1o
painseaw S8)edipul aul| payseq “Jeluspl
[lem [eoo| s ‘9 NID ‘A3 — T1aM

TIIM o

urepaoun
alaym pausnd — 1OVINOD 2ID07039

8|qqn. J[eseq pue sIepuid
sepnou| AjjeooT "pagiaiul Aejuswipses

JofeN — TAAVHD ANV ‘ANVS ‘LIS ‘AV1O

JusLLIPas JO siehe)

Uiy} pue siepulo sapnioul Ajjeoo "uonoes

10 wonoq o} doy woy dnoib jo eousnbes

S9BOIPUl ‘d ‘eNle] 'SMOJ} pale|al 8ioul 1o suo
jo pasodwioo dnoib mojs - yeseg — 1VSY4

W0E (LG EF

E _ NOILYNV1dX3
v ZHh YrThl

UOI}99S JO UOIIBO0T




penuUnuO)--"YION BIIY 189, 18 , g-g Uondds d180j00n--4 aIngig

SHAL3IN om_h omm omw

TIAIT VIS STANLYA
F X NOILLYHIOOVXE TVOILHAA

Ot O

LI J 1
1334 000€ 0002 000}

UL 002y

!/ PajENUBIoHipUN Vf \

“uewpas pue yeseq

- 006"y
Io b
[ - 00v'%
d - 006"t
_ ATk o
; ox T L 009’y ~
(2
N
NI - 00L'y
W
i M
=] - S » . - 008"y
Q - 4 = @ Q 2 @
z A = Z £ z z z z z =z
® 9 ) N Q a 3 > Y 8 =
@ g 20 s 2 - 006"t
g 38 o9 2
3 =k QL S
m kS -
m 20 05 O
o o) =371 i
Q a6 Q 000's
- nQ
1334




YUON BOIV IS, 18 D~ UOn9s 9180[09n--"¢ om31]

SH3IL3IN 05L 008 052 O
L

1334 oooe o000z 000k 0

T1IM o

€04 NvL

9

—

08,87

W06 (LG .EF

| 1
SYeCht el

UOI}08S JO UoNEOT

92BLINS pue| mojaq

18} Ul ‘jjom Jo yidep [e10} S| ||om Jo wonoq

1 ‘009 “/IeqWINN "2661-0661 Ul Jajinbe

Ul |9A9] 19JeM paINSESLW SB)BDIPUl MOLY

2661 Ul lajinbe uj |aAs] Jalem pajewllse I0

painseaw sajed|pu) auj| payseq ‘Iaiiiuspl
flom [eoo] st ‘L NID ‘Aug — T1IMm

urepsoun
alaym palend — LOVINOD 2190703

a|qgnJ Jeseq pue SIspuid
sepnjoul Ajjeoo] "pageul Mejuswipes

lofeN — TIAVHD ANV ‘ANVS ‘LIS ‘AV10

JuBWIPas Jo siahe]

Uy} pue SISpUId sapnjoui Ajjeoo uoioes

0 wonoq 0} doy woly dnoib jo souanbeas

S91R0IPUI ‘d 191197 'SMOJ) paje|el eIowW Jo suo
jo pasodwiod dnoib moyy - Jeseg — 1vSvd

NOILVNV1dX3d




penUNUO))--"YIION BIIY 1S3, 18 ,D-D) uonoas d130[090--'¢ 2mI1yg

SH3LINW o..._ﬁh oﬁ_um o.._um

I T T
._.mmu_ooomooomooo_‘

19A37 vES STNNLYA

L X NOLLVHIDDVXI TVOILHIA

009

pajenussaypun UBWIPas pue Jesegq

PL‘L

002"y

BIenueIeipun .uem/ )
&,

|I\I\I\I\I|I\*I\-
cd

~N
©os [pue wesed

Sg

cd

NW

d-3d PUB d810 131

.d-Q suoinieg

Y-V UORoas £QQ N1

d4 pue
V- suolosg LHO NV.LE

e

&

6 NV.L

dsIgd4sl
2L NVL

8- Uoldes ¥1 NvL

'8-6 SUOIOBS ZHO NV.L fue
a-a

4-4 Pue ,a-a
pue g-g suoloss L2 NV.L

L NID

~-00E'y

~005'y

=00L'

~008'y

006"y

—000's
1334

25




“YHON BaIY 189, 18 (- UOn09ag o130[0a0)--"g amsny

0SL 00§ 0S2 O

SH3LIN
— =]

1334 oooe oooz ooor o

TIIM o

a _ll.ﬂmm_o 131
1

08 .V

W0 (kG oEV

i
©Vetl Proghh

UoI}108S JO UONREOOT

8oelns pue| mojeq

199} Ul ‘llom jo yidap [e10} S! ||8m JO Wonoq

1B ‘LI JequINN "2661-0661 Ul Jajinbe

Ul [9A8] Jelem palnses sejedipul MOLY

‘2661 Ul 19jinbe uj joAD] Jojem pelewiise io

painseaw saleo|pul aul| payseq ‘laijuepl
oM [ed0] sl ‘Z NID ‘Aug — T1IM

ureysoun
8iaym pausny — 1JVINOD J1D07039

8|qqn. }eseq pue siapuid
sapnjou Ajjeoo ‘peqieiul Arejuswipes

JofeN — TIAVHO ANV ‘ANVS ‘LIS ‘AV1D

ouIPaS Jo siahe)

Ulyl pue S1epuid sapnjoul A|jeooT "uoloes

jo wonoq o} do} wioyy dnoib jo eousnbes

$3]EOIpUl ‘d ‘19197 "SMOJ} Palejas aloll 10 dUo
jo pesodwod dnoib moj} - jeseg — 11vSvd

NOILVYNY1dX3

@
Z
n

26




ponuIu0))--"YHON BSIV 1531, 18 (I~ U0onoas J180[0aD--'g am3ig

T13A37 VIS SIANLYA

S ERNE ) 0SL 005 0Sc O
: : ' “ L1 X NOILYHIDOVX3 TvOILHIA
0

I ! 1
1334 oooe 0002 000t

00eg'y

PolBlUSISYIPUN ‘UBWIPSS PUE Jjeseq
= 00E'Y

3 - 00p'Y

27

-~ 009'Y

[

= 00L'Y

008t

81 NVL pees
1aa NvL
ZNID

- 006

Q-0 pue
.8-6 Suondag |Z NVL f

J-3 pUe dsIq 13t

-0 suoyoeg
33 UoNoeS € NID

I.
=
z
w
»
@

2
o

=]

m
m

-V UOIIOBS # NV.L fommines
/88 SUORBS ZHO NVL b

~1-000'g

-4 GNY 100

1334




“YMON BoIY 1831, 78 ,FJ-F UONas 9130[0aD)--'/, AT

SHILIANW 0sL 008 092 O
. I —

1334 ocoe ocooz 0008 O

TEM e 2661-0661 Ul Joynbe

Ul |oA8} Jejem painseaw $a)edlipul MoUY
2661 Ul 1aynbe Ul [oAS] Jajem pajeLullse 1o
painseel sejedipul aul| payseq ‘Jayiuepl

llom [eoo) s1 ‘g NID ‘Az — TTIM

ureysoun
aleym psuend — LOVINOD J1D07039 -

9|qqni J|eseq pue Siopulo
sapnoul Ajjeoo "paqieiul Aeuswipas

lofey — 13AVHD ANY ‘AMVS ‘LIS ‘AV1D

uswiIpas Jo sisAe|

Uy} pue slapulo sapnjoul Ajjeoo "uoioas

10 wonoq o} doj wouj dnoib jo aousnbes

Sa]ROIPUI ‘d ‘Jelje "SMOJ) pajelal alow 10 euo
jo pasodwod dnoib mojj - Jjeseg — | TvSvd

W0E (LG .EY

dsta 131
Al .m |
1

NOLLVNV1dX3

|
ZVoghl _ R XA

UONRYaS JO UOKEI0T




penuUnUO)--YUON BIIY 1S3, 18 ,g-F U0oDIas 2130[090--'£ dm31]

0SL 00S
SH3LIN 3L 005 05T 13A31 V3S SINNLYGA

L1 X NOILVHIDOVYX3 vIILHIA

O=l=O

[ J T
1334 000 000€ 000t

paleusiayipun JUSWIPSS PUE jleseg

pelenuaIBYIpUN ‘JUBLIIPeS PUE Jeseq

{0-d PUB 4517 13|

-0 SUOIIRS

d-guonseg g N1
V-V UOHO8S £ NVL
,g-g uonovg G uw
,d-Q Uolosg £ U1y

002y

- 00E'Y

- 00ty

=~ 005y

- 009t

- 00L'Y

= 008y

I~ 006'y

== 000'S
1334

29




“(IION BOIY 1SI, PUB 1UR[J SUISS30014 [BOTWAYD) OYBP] Y} UISMIAq -] UOTIIS I130[09N)--'] 21N

8oeUNS pue|
MO[9q 199} Ul “(lom jo yidap [210] Si [[9m JO WoNod 18 ‘000°S
‘JloquinNN -sieak uoljjiw /'] 1sed] 1. Jo abe ue arey 000°g
Alepunoq siyp mojeq s4001 {0 ‘uoiyogns Allejod
-[BWLION feAnplO 8u} jo Aiepunog onsubewosied 1%

| | Jaddn sejeotpu) molie uado semo sleah 000°08L
1se9 I jo ofie ue aaey Atepunog SiUl mojaq

SHIALINOTM s v ez Lo . Bk SO g 4204 ‘N ‘uolyn Aejod - pesiansy eweANep sy} e
ST m* N_ P_ o_ 20-M | puE ‘g ‘uoiys Ae|od - JeWION Sayunig aui udsmeq
— 1531 HdN -~ S€,.Ev Atepunoq ojeuBewos|ed seyeoipur moue uedo W
Jaddn 2661 10 1661 Ul JBynbe Ul [oAe] Jejem g
TiEm * paINseaL Sejedlpul MOLE PIl0S “266 | Ul Jajinbe

Ul [9AS] 181EM PBJBLIISS 10 painsesw Seledipul
euJ| peyseq “Jeynuspl [om [edo] si ‘L SO
44N ) ‘Anug -uopoes o) perosfosd sieym peyseq -- T13M

LS9

uleusoun aleym pousny -- 10VINOO DID07049

Jayinbe urely 1Al SYEUS BU} JO 8SB( SANOBYS
SU} WJOj JBUI JUBLUIPSS PUE JjesEq palslje
sapnfoul - ILVILNIHIIAIANN “LNINIQIS ANV L1vSva

sreaf uoljw 9L 0} 000008 INoge wol sebues

aouenbss Jo by “18jinbe ure|d JaAlY 2XeuS U}

puE suoz pejeinyesun ay} jo ped 1sapjo sy ul

JUSWIPBS PUE }BSE( Pais)[e 0] paiajjeun sepnjou|

-- 3LVILNIYIAHIONN ‘"LNIWIJIS ANV L1vsSvE LNINIG3S
d3.Lv134 ANV 4 HONOYHL W1 SdNOYD MO14 - L1vSvd

s1eak 000008 O} 000'G6

noqe woyy sebues sousnbes jo eby “seynbe

uie|d JeAld 8)euS SU} puB auoz pajeiniesun sy}

jo ured jseBunoA au) Ul Juswpes pue jeseq

pasalfeun sepnjoul -- Q3 LVILNIHIJJIANN ‘LNIWIQIS
a3.Lv134 ANV THONOHHL V SdNOHD MO - 1TvSvd

08,6V

l
86 ,2LL

uoljoes Jo uohedo] NOILVNV1dX3




panuUnUO)--"YHON BaIY 1S9, PUB JuB[q SUISS900Id [BOIWAY)) OUBP] Y} Uamiaq - UOTI9s d130[090)--'g dIMBL]

S ¥ € ¢ | 0
SHILIWOIH 13A371 VIS SINNLva
__l_ln_._ll_l_l_ln_ 8¢ X NOILYHIOOVX3 TVOILHIA

SATN ¢ z 1 0

— 002'¢

— 005°€

— 008‘C

fe 001V
-
on
pejejualaypun = — .
1 ybnoiyy v 4 (I pejenuaseyipun | oov'y
III...IIAIIlIIIlllIIIIIA._._.IlllllllllA ™ QBnowy] v
B0 -
JuBWIpas .
piouapos YK I 00L'y
s uBH [
I
- __d
aras b ()]
HE 4 - : 833 .
oo ~ bl m . o= g [ oo
< m 8 > Ny o S 3
Bom oY ) v en Y]
9Ses 2 8e iz ¢ —ooes
23 3 ® m =
row 7]
> g @
i NvL dddl  —d— po9's

1334




43°51°30" |-

EXPLANATION

— 50 — LINE OF EQUAL THICKNESS
OF SURFICIAL SEDIMENT-- Interval
25 Feet. Queried where uncertain

43°50° - e  WELL

1000 2000 3000 FEET

T
250 500 750 METERS

Figure 9.--Thickness of surficial sediment at Test Area North.
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EXPLANATION
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OF SURFICAL SEDIMENT --
Interval 25 feet.

Queried where uncertain
. WELL

0 1000 2000 3000 FEET
: 1 | —J
0

1 b I
250 500 750 METERS

DATUM IS SEA LEVEL
i

L] n
ATTS /

2
4,750 -/

Figure 10.--Altitude of the base of surficial sediment at Test Area North.
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43°517 30"

1000 2000 3000 FEET
{ |

1 1

T
250 500 750 METERS

EXPLANATION

LINE OF EQUAL THICKNESS
OF BASALT-FLOW GROUPS
LM AND M AND

RELATED SEDIMENT- -
Interval 25 Feet.

Queried where uncertain
APPROXIMATE LIMIT OF
BASALT-FLOW GROUPS

LM AND M AND

RELATED SEDIMENT

WELL

| |

Figure 11.--Thickness of basalt-flow groups LM(W), LM(E), and M and related sediment
at Test Area North.
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EXPLANATION
—4,725— CONTOUR ON THE .
BASE OF BASALT-FLOW
GROUP M - Interval 25 feet. -
Queried where uncertain ,700
e APPROXIMATE LIMIT OF
BASALT-FLOW GROUP M 4,725
° WELL T
[ 4
0 1000 2000 3000 FEET .« ®
} I SN E— .
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4,725

DATUMIS SEA LEVEL
| 1

Figure 12.--Altitude of the base of basalt-flow group M at Test Area North.

35




112° 447

112° 42°

o
43 51° 30"

43 50°
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EXPLANATION

— 50 — LINE OF EQUAL THICKNESS
OF BASALT-FLOW GROUPS
MN AND N AND RELATED
SEDIMENT --Interval 50 Feet.
Queried where uncertain

APPROXIMATE LIMIT OF
BASALT-FLOW GROUPS
MN AND N AND

— RELATED SEDIMENT

. WELL

0 1000 2000 3000 FEET
|
| 1 I J
0

250 500 750 METERS

50

[]

N

50

Figure 13.--Thickness of basalt-flow groups MN and N and related sediment

at Test Area North.
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43°51° 30" —
2
EXPLANATION "
—4,650— CONTOUR ON THE BASE /
OF BASALT-FLOW GROUP o
N - Interval 50 feet. &
Queried where uncertain ) &
o
——  APPROXIMATE LIMIT OF .
L BASALT-FLOW GROUP N Gy
43° 50 0 —
. WELL .
L]
0 1000 2000 3000 FEET [:J.
: r | r | : ] Y
0 250 500 750 METERS
DATUM IS SEA LEVEL '
| ]

Figure 14.--Altitude of the base of basalt-flow group N at Test Area North.
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Le]

43°51° 30"

EXPLANATION

— 50 — LINE OF EQUAL THICKNESS
OF BASALT-FLOW GROUP
O AND RELATED
SEDIMENT -- Interval 50 feet.
Queried where uncertain

=  APPROXIMATE LIMIT OF
BASALT-FLOW GROUP O AND
RELATED SEDIMENT

WELL

1000 2000 3000 FEET

250 500 750 METERS

Figure 15.--Thickness of basalt-flow group O and related sediment at Test Area North.
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P-- Interval 50 feet.
Queried where uncertain
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Figure 16.--Altitude of the top of basalt-flow group P at Test Area North.
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EXPLANATION

LINE OF EQUAL THICKNESS
OF BASALT-FLOW GROUP
P AND RELATED
SEDIMENT--Interval 25 feet.
Queried where uncertain

WELL
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]
l | i ]
0

T T T
250 500 750 METERS

Figure 17.--Thickness of basalt-flow group P and related sediment at Test Area North.
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EXPLANATION
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P--Interval 25 feet.

Queried where uncertain
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Figure 18.--Altitude of the base of basalt-flow group P at Test Area North.
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Figure 19.--Thickness of basalt-flow group Q and related sediment at Test Area North.
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Figure 20.--Altitude of the base of basalt-flow group Q at Test Area North.




Table 1.--Altitude of the top, thickness, percent sediment, and altitude of the base of composite
stratigraphic units from land surface to the base of basalt-flow group Q at Test Area
North
[Altitude and thickness rounded to the nearest foot and accurate to +2 feet. --Indicates no
data; < indicates less than; > indicates greater than; % indicates percent]

Surficial Sediment Basalt-flow groups MN and N
and related sediment and related sediment

Altitude
of land Altitude Altitude Thickness/ Altitude Altitude Thickness/ Altitude
Well surface Thickness of base % sediment of base of top % sediment

ANP 6 4785 59/ 0
FET DISP 4780 --
GIN 4787 23 /
GIN 4787 32/
GIN 4787 21/

[>ReNo]

GIN 4787
GIN 4787
GIN 4778
GIN 4779
GIN 4779

NS I
OO,

GIN 9 4776
GIN 10 4777
GIN 11 4791
GIN 12 4779
GIN 13 4784

O W Ny
B e e
[eleloNeNe) SOOOO

GIN 14 4778
GIN 15 4779
GIN 16 4779
GIN 17 4779
GIN 18 4778 100 / 15
GIN 18 4779 77/ 8
GIN 20 4791 111/ 4
GS 24 4796 42 /10
IET DISP 4790 26/ 0
LPTF DISP 4790 0 82/ 0

[=Na) OO

o

TAN CH1 4781
TAN CH2 4780
TAN DD1 4790
TAN DD2 4780
TAN DD3 4786

TAN 4782
TAN 4803
TAN 4803
TAN 4787
TAN 4786

TAN 4792
TAN 4782
TAN 4782
TAN 4780
TAN 4780

TAN 4780
TAN 4780
TAN 4780
TAN 4780
TAN 4786




Table 1.--Altitude of the top, thickness, percent sediment, and altitude of the base of composite
stratigraphic units from land surface to the base of basalt-flow group § at Test Area
North--Cont inued
[Altitude and thickness rounded to the nearest foot and accurate to +2 feet. --Indicates no
data; < indicates less than; > indicates greater than; % indicates percent]

Basalt-flow group 0 Basalt-flow group P Basalt-flow group Q
and related sediment and related sediment and related sediment

Altitude Thickness/ Altitude Altitude Thickness/ Altitude Altitude Thickness/ Altitude

Well _ of top % sediment of base of top % sediment of base of top ¥ sediment of base
ANP 6 4645 54/ 0 4591 4581 »>101/ O <4490 - -- -
FET DISP 4676 6 /100 4670 4870 132/ 0 4538 4538 >34 / 0 <4504
GIN 1 4852 48 / 8 4604 4504 103/ © 4501 4501 >87 / O <4414
GIN 2 4625 55/ 0 4570 4570 72/ 0O 4498 4498 >114/ O <4384
GIN 3 4837 53/ 0 4584 4584 95 / 0 4489 4489 >0/ 0 <4399
GIN 4 4628 46/ 0 4582 4582 97/ 0 4485 4485 >4/ 0 <4481
GIN 5 4636 51/ 0 4585 4585 106/ 0 4480 4480 >126 / 3 <4354
GIN 6 4663 57/ 9 4606 4606 >29/ 0 <4577 - - -
GIN 7 4638 >8/ 0 <4628 -~ -- - - - ~—
GIN 8 4516 >0 / 0 <4576 -~ -- -~ -- -- -
GIN 9 4809 >»37/ 0 <4572 -~ -- -- -- - -~
GIN 10 - - - -~ -- -- - -- ~-
GIN 11 -- -- - - - -- -- -- -~
GIN 12 -- - - -~ - - - - -~
GIN 13 -- - - -~ -- -- -- -- .-
GIN 14 - -- - - - - -- -- --
GIN 15 - - - -~ - - - -— --
GIN 16 - -- - -~ -- -- -- - “-
GIN 17 - -- -- - - -- - - -
GIN 18 4588 >8/ 0 <4580 -~ -- - -- - -
GIN 19 4618 >38/ 0 <4580 -~ - -- - - --
GIN 20 4538 >5/ 0 <4593 -~ - - - -— -
GS 24 -- -- -- 4695 156/ 6 4539 4539 >69 / 0 <4470
IET DISP - -- -- 4707 106 / © 4601 4601 >140 / 10 <4461
LPTF DISP 4638 59/ 0 4580 4580 103/ © 4477 4477 >4/ 0 <4473
TAN CH1 4679 42 / 14 4637 4637 127/ O 4510 4510 129/ 0 4381
TAN CH2 48690 20/ 0O 4670 4670 117/ 0 4553 4553 210/ 3 4343
TAN DD1 4667 81/ 0 4586 4586 113/ 0 4473 4473 >8/ 0 <4465
TAN DD2 - -- - 4686 98/ 0 4587 4587 >67 / 48 <4520
TAN DD3 -- - -- 4895 158 / 4 4536 4536 >51/ 0 <4485
TAN 3 -- - - 4672 108/ 0 4564 4564 >41 / 0 <4523
TAN 4 -- - - 4740 134/ 0 4606 4606 >4 / 0 <4557
TAN 5 4685 4 /100 4681 4681 127/ 0 4554 4554 >54 / 0 <4500
TAN 6 - —-— - 4667 118/ 0 4549 4549 >25/ 0 <4524
TAN 7 - - - 4670 128 / 0 4542 4542 >80 / 0 <4462
TAN 8 -- -- - 4644 84/ 0 4560 4560 >19/ 0 <4541
TAN 9 - - - 4696 116 / 9 4580 4580 >124 / 27 <4456
TAN 10 4652 70/ 8 4582 4582 >58/ 0 <4524 -- - -=
TAN 10A 4675 71/ 0 4504 4604 >74 / O <4530 -- - ~-
TAN 11 4656 75/ 5 4581 4581 103 / 0 4478 4478 >11/ 0 <4467
TAN 12 4662 77 /12 4585 4585 118/ 0 4467 4467 >81 / 6 <4386
TAN 13 4641 51 / 10 4530 4590 >65 / 0 <4525 -- - -
TAN 13A 4642 53 / 13 4589 4589 >53 / 0 <4536 -- - -
TAN 14 4629 8/ 8 4591 4591 151/ 0 4440 4440 >64 / 0O <4376
TAN 15 -- -- -- 4680 >148 / 0 <4531 - -- ~-
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Table 1.--Altitude of the top, thickness, percent sediment, and altitude of the base of composite
stratigraphic units from land surface to the base of basalt-flow group Q at Test Area
North--Cont inued
[Altitude and thickness rounded to the nearest foot and accurate to +2 feet. --Indicates no
data; < indicates less than; > indicates greater than; % indicates percent]

Surficial Sediment Basalt-flow groups LM and M Basalt-flow groups MN and N
and related sediment and related sediment
Altitude

of land Altitude Altitude Thickness/ Altitude Altitude Thickness/ Altitude

Well surface Thickness of base of top % sediment of base of top % sediment of base

TAN 16 4787 17 4770 4770 31/ 0 4739 4739 79/ 0 4660
TAN 17 4789 40 4749 4749 0/ 0 4709 4709 75/ 0 4634
TAN 18 4803 48 4755 4755 28/ 0 4727 4727 33/ 0 4694
TAN 18 4803 46 4757 4757 34/ 0 4723 . 4723 34/ 0 4689
TAN 20 4781 45 4736 4736 32/ 0 4704 4704 57/ 0 4647
TAN 21 4787 39 4748 4748 23/ 0 4725 4725 52/ 0 4673
TAN 22 4788 17 4771 4771 47/ 0 4724 4724 79/ 0 4645
TAN 22A 4787 17 4770 4770 65/ 0 4705 4705 75/ 0 4630
TAN 23 4787 20 4767 4767 70/ 0 4697 4697 71/ 0 4626
TAN 23A 4787 18 4769 4769 66 / 0 4703 4703 74/ 0 4629
TAN 24 4789 23 4766 4766 41/ 0 4725 4725 90/ 0 4635
TAN 24A 4789 22 4767 4767 45 / 11 4722 4722 91/ © 4631

46




Table 1.--Altitude of the top, thickness, percent sediment, and altitude of the base of composite
stratigraphic units from land surface to the base of basalt-flow group Q at Test Area
North--Cont inued
[Altitude and thickness rounded to the nearest foot and accurate to +2 feet. --Indicates no
data; < indicates less than; > indicates greater than; % indicates percent]

Basalt-flow group 0 Basalt-flow group P Basalt-flow group Q
and related sediment and related sediment and related sediment

Altitude Thickness/ Altitude Altitude Thickness/ Altitude Altitude Thickness/ Altitude

Well of top % sediment of base of top % sediment of base of top % sediment of base
TAN 16 -- -- -- 4660 153/ 0 4507 4507 >44 / 20 <4463
TAN 17 - -- - 4634 80/ 0 4554 4554 >116 / 9 <4438
TAN 18 .- -- - 4694 117 /7 0 4577 4577 217 / 4 4360
TAN 19 -- -- - 4689 11/ 0 4578 4578 218/ 6 4360
TAN 20 4647 57/ 0 4590 4590 130/ 0 4460 4460 >79 / 0 <4381
TAN 21 4673 24/ 0 4649 4649 118 / 0 4531 4531 220 / 2 4311
TAN 22 - - - 4645 139/ 0 4506 4506 185 / 2 4321
TAN 22A - - - 4830 126/ 0 4505 4505 183/ 3 4322
TAN 23 - - -- 4626 1210/ 0 4505 4505 185 / 2 4320
TAN 23A - - - 4629 123/ 0 4506 4506 185 / 2 4321
TAN 24 4635 57/ 0 4578 4578 128 / 0 4450 4450 140 / 4 4310
TAN 24A 4631 53/ 0 4578 4578 129/ ¢ 4449 4449 136 / 3 4313
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