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ABSTRACT

To assess the potential migration of low-level radioactive waste in the
shallow subsurface it is necessary to understand the hydrogeologic and
geochemical characteristics of the unsaturated zone. For this purpose, this
data collection study was completed for the unsaturated zone at the
Radioactive Waste Management Complex, Idaho National Engineering Laboratory,
on the eastern Snake River Plain in southeastern Idaho. Geologic data were
needed for input into a model of potential migration of waste that was
buried in pits and trenches at the facility between the early 1950’'s and the
early 1970's. Sample preparation and analytical techniques were required
that would provide the needed information on geochemical characteristics of
the unsaturated zone. Examination of core and surficial sedimentary samples
provided the needed data and analytical procedures were established

following an intensive literature search.

INTRODUCTION

The Radioactive Waste Management Complex (RWMC) is located at the Idaho
National Engineering Laboratory (INEL) on the eastern Snake River Plain in
southeastern Idaho (fig. 1). The INEL is comprised of about 2,300 km2 of

semi-arid sagebrush covered terrain on the northwest side of the plain.

The plain is an arcuate topographic depression traversing southern

Idaho for a distance of approximately 500 km. It ranges from 50 to 100 km
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wide and rises from about 700-m altitude in the west to about 2,000 m in the
east. The eastern Snake River Plain is bounded on the west, north, and east
by mountain ranges and high plateaus. Many of the high peaks in these
ranges exceed 3,500 m in altitude. Alluvial valleys draining the mountain

ranges to the north and northwest drain onto the plain and the INEL.

The RWMC is in a shallow depression floored by basaltic lava flows and
by wind- and water-deposited sediment. It is surrounded by uneven basalt

flows of low relief.

Radiocactive waste has been buried at the RWMC since 1952. Since 1970,
only radiocactive wastes with short half-lives have been buried. Transuranic
wastes of long half-life have been stored above ground on asphalt pads in

retrievable containers.

PURPOSE AND SCOPE

The overall purpose of this study was to develop a conceptual model of
the hydrogeochemical environment of the shallow unsaturated zone of the
Snake River Plain, eastern Idaho, and to determine how changes in that
environment may influence the mobility and migration of waste radionuclides

buried in the subsurface disposal area of the RWMC (fig. 2).

However, data to determine the hydrogeologic and geochemical
characteristics of the unsaturated zone had to be collected and analytical
procedural techniques had to be established prior to the initiation of
analytical and interpretive studies. Visual and optical inspection of cored
material collected from 8 wells drilled during a 1976-1977 drilling program,
along with subpit sedimentary samples, provided needed data, and an
intensive literature search provided the sample preparation and analytical

techniques needed to determine pertinent geochemical characteristics.

The objective of this report is to describe cored material and subpit

sedimentary samples, and document the sample preparation and analytical
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techniques used to characterize the geochemical environment of the

unsaturated zone at the RWMC.

PREVIOUS INVESTIGATIONS

The U.S. Geological Survey has conducted geologic and hydrologic
studies on the INEL since the area was selected for a reactor testing area
by the U.S. Atomic Energy Commission in 1949. Investigations in the
vicinity of the RWMC have been discussed in several reports. These studies
included hydrologic and potential radionuclide migration studies at the RWMC
carried out by the Geological Survey between 1971 and 1974 (Barraclough,
Robertson, and Janzer, 1976), during which 10 wells were drilled; another 3
wells drilled during a study on the radionuclide analyses of collected
sediment samples completed during 1975 at the RWMC (Burgus and Maestas,
1976); and a study of radionuclide content of sediment samples from trenches
below waste pits (Humphrey and Tingey, 1978) during which 9 additional wells
were drilled. Figure 2 shows the locations of selected wells drilled during
these various studies at the RWMC and the locations of the disposal trenches

and pits.
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GENERALIZED GEOLOGY

The eastern Snake River Plain is underlain by a thick sequence of
basaltic rocks and interbedded sedimentary layers, and are all included in
1982). The

basement rocks are probably composed of older volcanic and sedimentary

the Snake River Group of Quaternary age (Lewis and Goldstein,

rocks, in addition to underlying crystalline rocks. The regional geology of

the RWMC area is described in detail by Robertson, Schoen, and Barraclough

(1974), and Kuntz (1978).

sedimentary materials and their source areas wil

A sequence of 13 lava flows and flow units

land surface and 183.9 m in coreholes drilled at the RWMC.

these flows is about 500,000 years. The average
RWMC by a closely spaced group of flows is app

years (Kuntz and others, 1980).

Only a brief discussion emphasizing the

be included here.

have been observed between
The oldest of
rate of inundation of the

roximately once every 70,000

The basalt flows are commonly interbedded with and overlain by alluvial

and eolian sediments deposited on the eastern

sedimentary deposits are composed largely of f

n
present and abandoned stream channels and aréls affected by flooding, a

significant amount of limestone, quartzite, and

Alluvial sedimentary deposits were accumul
adjacent to basalt flows during times of hig
past have dammed stream channels causing small 1

of the finer sediment is deposited.

Three interflow sedimentafy beds have been
the 3

73-m bed was observed in all wells drilled wi

will be called in this report the 9-m,

Maestas (1976) report a bed at about 9-m in well
the 34-m and 73-m beds.
beds are given in table 1.

The tops, bottoms, and

thin the RWMC.

Snake River Plain. These

e sand, silt, and clay. In

basalt pebbles are found.
lated in depressions on or

h runoff.

akes to form in which much

Lava flows in the

identified at the RWMC and
4-m, and the 73-m beds. The
Burgus and
s 96A and 96B in addition to

thicknesses of the interflow
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CORE SAMPLE DESCRIPTIONS

Core samples were collected from eight wells for mineralogic and stable
isotope analyses. Core material from all three sedimentary interbeds and
fracture filling material were submitted for several different analytical

procedures. The following section contains the core sample descriptions.




76-1-14
8. 90-9. 54 m

76-1-15
10.70 m

76-1-1
23-27 m

76-1-1(a)

76-1-1(b)

76=1~1(c)

76-1-2
27.74=27.83 m

WELL 76-1

Bright red iron stained silty clay (5 YR 4/6) to 9;m
interbed.

Saturated with water, the outside of the core tube
is dripping water inside the plastic bag. Perched
water zone! Yellow orange silty clay (10 YR 5/6).

Portions of 76-1-1: showing coarser dark material in
center of fracture filling and lighter finer material
along edges of fracture indicates two phase of
fracture filling.

Coarse - sample of darker material for x-ray analysis-
silt. 10YR 7/3.

Fine - sample of light pale orange (10 YR 8/2)
clay material adjacent to basalt fracture surface.

Very coarse — moderately yellow-brown (10 YR 6/4)
fine quartz sand rich in clay, rich in heavy minerals,
mica present, looks oriented.

The contact between clay and basalt appears to be a
weathering contact. Where spall clay off wall, takes
some of dark minerals from basalt with it. None of
the dark minerals are found in clay other than right
next to contacte.

Flow contact - probably comparable to 34~m interbed.
Light-tan clay with some reddish segments - iron
stained? Few anhedral white mineral crystals in clay
material similar in appearance to material in vesicles.

White mineral is not carbonate. Evidence of fairly
significant weathering - i.e., iron stain in some of
basalt and adjacent to some of white precipitate.

Precipitate looks like flowstone.

Precipitate appears to have formed both before and
after emplacement of clay.

l. Some vesicles on top surface of lower (red)
flow are filled with precipitate, with depressions
in precipitate filled with clay.

2. Some clay coating have small white crystals on
them (see sample - "bottom upper flow").



76-1-2(a)

76-1-2(b)
76-1-2(c)

76~-1-3
27.9-28.13 m

76-1-3(a)

76-1-3(b)

On surface some precipitate lined vesicles partially
filled with iron stained fine sand. Almost no sand
in evidence in interbed proper.

i Red iron stained sand.

“-@/ 17/ Whiite precipitate.

All precipitate present in lower (red) basalt; none
apparent in upper clay (gray) basalt.

Material on top of lower flgw.
Interbed (?) filling clay-bdttom flow.
Mineralization in vesicles.

Check red basalt for progressive alteration toward
exposed surface. The amount of precipitate suggests
it.

White precipitate deposited in vesicles which at some
later time was filled with well rounded fine-medium
iron stained quartz. Only relatively few of precipi-
tate lined vesicles also contain sand. No sand. No
non-precipitate lined vesicles contain any sand.

All white precipitate material is on upper walls of
vesicles; where sand is present a coating of clay

material is on the bottom of vesicles.

Vesicle filling sand was dug from vesicle on side of
core, moderate brown (5 YR 4/4).

ite precipitate.
A Sand filled.
Clay layer.

The vesicle was at least 1 ¢m deep, likely connected
with diagonal fracture appréoximately 1.5 cm below.

Some precipitate lined vesitles adjacent to fracture
also contain iron stained sand.

Precipitate in some of vesicles is globular but both
globular material and flowstone like material exhibit
dessication cracks. These tracks may be post-coring
drying.

10



76-1-4 Horizontal fracture at intersection vertical fracture.
28.22 m
Upper surface of horizontal diagonal fracture coated
with white precipitate up to 1 cm thick.

V2, Gray vesicular basalt; some vesicles
filled (partially) with white precipitate.

e White precipitate.

Light tan clay, probably not continuous;
looks like some material that continues
down into underlying vertical fracture.
This clay is also just coating on sand
and white precipitate.

Medium brown,
fine-medium
quartz sand.

No evidence of clay:
coating bottom of

void; indicates
that sand may have \\
been filled before
clay.
76-1-4(a) Sand in fracture, light gray-brown (5 Y 6/1).‘\ Clay coating
4(b) Clay (overlying), sand in horizon- \ on fracture
tal fracture, yellow gray (5 Y 8/1). ,Q in both basalt
4(c) White precipitate on bottom upper flow. \ and sand.
Sand Clay coating on fracture in basalt
beneath sand filled void continues
up through sand filling void.
76-1-4A Grayish orange (10 YR 7.5/3) clay from vertical fracture.

28.22-28.56 m
1. Sedimented out of moving water, or
2. Were rearranged after formation.

Structures look like drip features on slight overhangs.

Evidence that some of vesicles covered with clay (in

vertical fractures) contains sand. Remove some clean
clay which has filled a portion of the vesicle. The

clay that was in the vesicle has some rounded quartz

sand grains stuck to it.

76-1-5 Similar sedimentary-precipitate sequence to that at 76-1-4;
28.56 m

//t7 White precipitate.

== Light tan clay.

Iron stained quartz
sand.

11



76~-1-5(a)
76-1-5(b)
76-1-5(c)
76-1-6
28.56-29.02 m
76-1-6(a)

76-1-6(b)

76-1-6(c)

76-1-6(d)

No samples
29.47-30.94 m

Samples of:

1. Sand-red brown, iron-stained quartz.

2. Clay - light-tan, similar to overlying fracture filling
material. Probably insufficient sample to analyse.

3. White precipitate up to 1 cm thick, no apparent
layering.

Sand-iron stained, light brown (5 YR 6/4).
Clay-very pale orange (10 8/2).
White precipitate.

Vertical fracture clay to absent surface linings,
light tan; medium brown fine sand (10 YR 5.2)
filling similar to horizontal fracture filling.
28.56 m (top of piece of core).

Few thin carbonate (?) striJgers,
light tan-white CaCO3(?).

LT IR G Y
- - . P

R

Shows layering in dark yellow-brown sand (10 YR 4/2)
in horizontal fracture at top of core piece. Vesicles
in this piece of core contain white precipitate.

Many of the vesicles cut by |fractures were filled

first with white precipitate as stalactitic growths
and subsequently filled with sand.

The bottom of most of the sand filled vesicles appear
to be lined with a thin coating of light-tan clay.

A fracture at the base of the core section (29.05-
29.11 m) contains only clay, no sand. Evidence of
geopetal fabric partially clay filled vesicles.
Light-tan clay (10 YR 8/2) overlying medium-brown
silt.

Very clean series of vertical to diagonal fractures,
some evidence of clays transported by water; few
drip structures, very small, insufficient quantity to
sample.



76-1-7
30.94-32.46 m

76~1-7(a)

76-1-7(b)

76-1-7(c)

76-1-8
33.08-33.95 m

No sample
33.95-34.84 m

No sample
34.84-36.12 m

No sample
36,12 m

No sample
36.12-36.42 m

No sample
36.42-37.31 m

No sample
37.34-38.71 m

. 76-1-9
62.39-62.91 m

76-1-10
63.09-63.31 m

Vesicular basalt at 29.47 m to dense at 30.94 m all
gray.

Vertical fractures, filled with light-tan clay to
medium-brown fine sand. Sand content increases as
does total material and fracture filling thickness
below what appears to have been horizontal fracture
series at 31.85 m (approximate area sampled for
isotopic analysis).

30.94-31.55 m—-Dense-gray basalt, few large vesicles,
medium yellow-brown (10 YR 5/4).

31.55-31.91 m--Dense-gray basalt as above from area
previously sampled for isotopic analysis. Appears
samplers only got coarser material that was in center
of fracture filling but did not scrape much from the
fracture surfaces, yellow brown (10 YR 6/4).

31.91-31.94 m—-Basalt as above.

31.91-32.22 m—-Light tan silt clay (10 YR 6/4) adhering
to both sides of fracture.

32.22-32.46 m~-Yellow-brown clay (10 YR 6/4) with
abundant fine sand adhering to lower side of diagonal
portion of overall vertical fracture.

Thin irregular partially filled vertical fracture,
clay, silt, sand, yellow brown (10 YR 6/4).

Very thin fracture with extremely thin clay coatings

‘'on walls.

Dense-gray basalt with few vesicles increasing
downward.

Diagonal fracture with insufficient material (only on
bottom surface) for sample.

Vesicular-basalt gray.
Dense-gray basalt.
Dense~gray basalt vesicle decreasing downward.

Jumble of horizontal, vertical, and diagonal fractures
in red-brown vesicular basalt. Fracture filling
material pale-gray orange (10 YR 7/3) lining both
sides of fractures with some fracture filled.

Fractured flow contact? Gray orange (10 YR 7/4).

Gray, fairly dense basalt above 63.15 m.
Red-brown vesicular basalt below.

13



76-1-11
63.46 m

76-1-12
64.74-64.92 m

76-1-13
66.14-66.20 m

76-1-16
67.64 m

76-1-17
68.34 m

76-1-18
69,01 m

76-1-19
69.43 m

76-1-20
69.43-69.59 m
TD

E — Reddish-gray basalt.

Diagonal-fracture filling, very pale-orange clay
(10 YR 8/2).

Clay fracture-filling material in diagonal, vertical,
and horizontal fracture; but| not very much material.
Very pale orange (10 YR 8/2).

Layered, pale-gray-orange clay (10 YR 7/3) material
filling fracture in dense-griay basalt; up to 2 cm
thick-red stain underlying much of clay material on
basalt surface.

Top was sampled for isotopic analysis, but results not
recorded. Red-brown silty clay (10 YR 4/4).

Bottom of above core, moderately yellow-brown clay
(10 YR 5/4), dry but not powdery.

Bottom of core, dark-yellow brown (10 YR 4/4) clay,
slightly plastic.

Bottom of core (moldy) yellaw brown (10 YR 4/4),
slightly mottled clay, less plastic than above.

Mixed-up core, yellow-brown (10 YR 7/2) hard-dry clay.

14



WELL 76-2

76-2-1 Diagonal fracture in gray-vesicular basalt filled

4.88 m with light-tan (5 Y 7/2) clay previously sampled’
for isotopic analyses, so not much material left.
Small quantity of white-chemical precipitate on
upper side of horizontal fracture at 4.83 m.

76-2-1(a) White precipitate in large vesicle above diagonal
fracture.
White precipitate on bottom piece of core, looking
up toward top of vesicle,

White precipitate./’? @
/
7,

Light-tan material,
possibly some darker

silt--most material
removed for isotope
analyses.
76-2-2 Horizontal fracture in very slightly vesicular-
5.12 m gray basalt filled with light-tan clay (5 Y 7/2).
76-2-3 Interflow contact--much material removed for
7.32 m isotopic analysis. Red-brown silt clay as thin

interbed between vesicular basalts.

9-m interbed?
76-2-3(a) Pale-yellow-brown clay (10 YR 6/3)--bottom of

overlying flow.

76-2-3(b) Light tan and orange silt/clay (10 YR 5/4) in the
light-tan clay, possibly moved down after overlying
flow baked surface. Since isotopic-analyses sample
destroyed, relationships hard to determine.

76-2-3(c) Yellow-brown silty clay (10 YR 5/5) on bottom of
diagonal fracture is disrupted contact.
76-2-4 Dark-brown clay in horizontal to diagonal fracture.
7.71-8.05 m
76-2-4(a) Dark-brown material (10 YR 3/2) from top surface.
76-2~4(b) Brown clay (10 YR 5/2) from bottom surface.
76-2-5 White precipitate in cindery, oxidized, red-brown base
9.42 m of flow; at least part CaCO3, effervesces in dilute
HC1.
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76-2-5(a)
9.11m

76-2-6
11.80-12.01 m

76-2-7
12.19 m

76-2-8
14.87 m

14.60 m

76-2-9
17.37-17.65 m

76-2-10
18.29 m

76-2-11
18.90 m

76-2-12
22.37-23.83 m

Carbonate flowstone-stalactites; top of vug, showing

inverted mushroom structure.

T TR~ Do r
void void

Voids, large vesicles, and d
medium-vesicular basalt. 1In
sample top fracture at 11.49
light-tan clay (5 YR 6/2) on
fracture at 12.01 m.

As above, diagonal fractures
clay (5 YR 6/2).

iagonal fractures in
sufficient sediment to
m. Good coating of
bottom of diagonal

filled with light-tan

Diagonal fracture in slightly vesicular basalt
(above) to dense (below) gray-basalt fracture filling--

thin yellow-gray clay (5 Y 7

[2).

Basalt dust caving clay drape--like structure on bottom

of void.

Clay
over

Diagonal and vertical fractu
filled with yellow-gray clay
Same

fract

f vesic

desic

Fract
tinue

Flow contact (?) filled with
(5 Y 6/2). Sampled for isot

ance and structure destroyed,.

basalt adjacent to fracture

and then dried.

looks like it slumped
lower material when wet
Sur face
cation crack.

res in dense-gray basalt
(5Y 7/2).

nre filling material con-

d downward to 17.83 m.
fractures, same material;

ures increase downward into
ular basalt (bottom of flow?).

clay; light-olive gray
ppic analysis so appear-
Some red-brown-oxidized
(void).

Diagonal fracture in vesiculpr basalt filled with

yellow-gray clay (5 Y 7/2).
continue downward 0.61 m wit
clay lining.

Series of vertical, diagonal

partly filled to filled with
fine-silt clay (5 Y 7/2).

16

Vertical fractures
h some but not abundant

and horizontal fractures
light-yellow gray
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22.95 m
76~-2-13
24.41-24.60 m
76-2-14
24.99 m

76-2-15
28.58 m

Red-brown vesicular
basalt grading down-
ward to medium-gray
vesicular basalt.

76-2-15(a)

76-2-16
28.65-28.96 m

76-2-16(a)

Some laminated clay with very fine sand, medium
brown, overlying (?) two sequences of infilling.

Light yellow-gray clay (5 Y 7/3) filling large
vesicles in coarsely vesicular dark-gray basalt.

Flow contact? Dark-gray vesicular basalt above,
light-gray dense basalt below void filled with
sediment. Yellow-gray clay silt (5 Y 7/3).
Interflow contact; on basis of weathering and
appearance of underlying flow. Likely comparable
to 34-m interbed.

28.35 m

£ je—Medium-gray vesicular basalt.

Small amount of clay at contact.

Yo | T~Fine moderately yellow-brown
(10 YR 5/4) quartz sand in diago-

E\<E; nal fracture, cemented (?),
consolidated.

(%4
oﬁ:::>WMite precipitate in some vesicles.

Orange clay fracture filling.

‘Medium-gray clay filling diagonal
fracture.

No carbonate as cement in sand or precipitate in vesicles.
White precipitate in vesicles at 28.42 m.

See lower portion of sketch above.

Diagonal fracture and associated vesicles filled with
CaCO, and clay minerals, Gray-orange silty-fine
sand (10 YR 7/4) in horizontal fracture, also CaCO
cemented.

3

Material in vertical fracture extremely tightly cemented.
Either baked or thoroughly CaCO3 cemented.  High 03003
content,

Horizontal fracture material, has some appearance of

being thin light-brown gray (5 YR 6/1) soil zone (?)
fibrous. '
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76-2-17
30.05-30.48 m

43.43-46.51 m

76-2-18
44,56 m

76-2-19
66.84 m

76-2-20

67.97 m
76-2-20(a)
76-2-20(b)
76-2-20(c)

76-2-21
68570 m

76-2-22
69.68 m

76-2-23
70.56 m

76-2-24
71.69 m

76-2-25
74.34 m

‘Many large vesicles, adjacent

Diagonal to vertical fractures only partially filled

with yellow-gray (5 Y 7.5/3)
tary material, clay to silt,

vesicles—=-no CaCO3.

to medium~brown sedimen-
Clay lining some

White~-precipitate lining, soTe of vesicles overlain by

clay.

Clay

i

Whit

lined with curled clay.

ry on surface.

e precipitate.

vertical fractures,

Rapid transition from dense~gray non-vesicular basalt

to reddish-brown fractured-vesicular basalt.

fractures have white surface

The
but do not appear to be

coated with any clay material.

Red-brown fractured basalt.
Possibly weathered surface.

Horizontal fracture at junction between gray vesicular

basalt and dense-gray basalt

Fracture filled with yellow-gray clay (5 Y 7/2).

Top of 73-m interbed.

Fracture (diagonal) leading down to top of interbed.
Interbed has light-tan clay overlying red-brown silt.

Gray-yellow clay (5 Y 8/4) from top interbed.

Red-brown silt (5 YR 5/6).

Pale-orange clay (10 YR 8/2)

from diagonal fracture,

from approximately 5 to 10 cm above top of interbed.

Red-brown silt (5 YR 4/4), cgrbonate filled root tubes.

Much carbonate in soil.
Bottom of core.

Dark brown (10 YR 5/4) fine
content.
Bottom of core.

Med ium-brown fine sand (5 YR
Bottom of core.

Medium dark brown fine sandy
Bottom of core.

sand, slight carbonate

4/5).

clay (5 YR 4/4).

Moderately yellow-brown plastic clay (10 YR 5/4).

Bottom of core.
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WELL 76-3

76-3-1 Diagonal fracture in dense-gray basalt overlying
6.95 m vesicular portion of flow.
Filled with light-tan clay material,

No sample remains. le—Dense basalt.
'e— Light-tan clay filling-—-appears

to have been quite moist, likely
from condensation. CaCO3 bearing.

76-3-2 Interbed(?)
7.38-7.56 m

Vesicular basalt.

No sample remains.
Sand and clay bed, partly dark
brown, resembling soil horizon.
Approximately 20.3 cm thick.

oating on lower surface light tan.

Precipitate lined and filled vesicles.

76-3-2 Dark-brown silty sediment on bottom surface of basalt
above interbed has the appearance of being related to
a soil zone. CaCO3 bearing.

Has odor of soil (organic-rich material).

76~-3-3 "Wet clay'--driller's log.
7.86-8.17 m Medium brown when damp, light tan when dry, very
CaCO3 rich,

(]
i [}
[]
i

o (76-3-2) see previous picture.

No sample remains.

CaCO3 precipitate
Vesicles containing CaCO3 precipitate
and clay minerals.

76-3-4 Fracture and vesicle filling material--light-tan clay

9.08-9,30 m (5 Y 7/2). Abundant CaCO., cement, largely quartz-
itic, very yellow-gray fine sand or silt; plagioclase
in very vesicular-gray basalt.

76-3-5 Vertical fractures in gray, vesicular to dense basalt.
9.81-11.49 m A Apparently at least two fracture filling episodes:
1. Leads to light-tan clay coating on fracture walls
in evidence from 9.81 to 11.49 m; and
2." Leads to medium~brown coarser silty material fill-
ing portions of the fracture.
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76-3-5 (cont.)

76-3-5(a)

76-3-5(b)

76-3-5(c)

76-3-6
11.03-11.34 m

76-3-7
19.84-20.48 m

Non-calcareous filled hor1—,-f///a;::::>

zontal fracture, moderately
yellow-brown clay (10 YR
5/4) fills basalt, spalls
off in thin layers when
trying to remove clay.

Most sedimentary material
in vertical fractures

above this point (20.15 m).

Non-calcareous.

Only slightly calcareous.

Fracture must have been up to 1 cm # wide by amount of

sedimentary material found 1
and 10.06 m.

Top of fracture series 9.81
(5Y 7/2).

Middle of fracture series 10
calcareous to non-calcareous

Light-tan clay; evidence of
1. Root tubes or,

2. wWorm burrows through mud
Calcareous (5 Y 7/2).

Diagonal fracture at vesicul
gray basalt.

Dense basalts

oose in box between 9.81

to 10.06 m caléareous

.42 to 10.55 m, very slightly

(5 Y 5/2).

either:

deposited from water.

ar unit in fairly dense-

ay filled fracture (5 Y 7/2).

sicular basalt 12.7 cm.

Slightly calcareous.

Dense basalt-

basalt to dark-gray vesicul
0.3 m above transition to r
(10 YR 5/4).

Horizontal fracture at tran3

<~
o < e

19.84 m

Q ®
s

v ©

——]

[\
o

ition from gray-dense
r basalt,
d-brown vesicular basalt

approximately

\\Light—gray dense basalt.
e
BN

ew small vesicles.

Dark-gray vesicular basalt with
sediment lined and filled vesicles.

Red-brown vesicular basalt with

abundant vertical and
diagonal fractures.

20.48 m



76-3-8 Horizontal, vertical, and diagonal fractures in
19.99-20.82 m medium-brown vesicular basalt. Horizontal fractures
contain significant quantities of sedimentary material,
primarily light-~tan clay (10 YR 7/4) with some silt.
Vertical fractures are lined with light-tan clay
only (see above diagram)--primarily from 19.99 to

20.15 m.
76-3-9 22.04-22.34 m--Dense-gray basalt with few vesicles;
22.04-22.68 m vertical fracture filled with yellow-gray fine

material (5 Y 7/2). Clay material holds two pieces
of basalt together like cement.

22.34-22.68 m—-Identical rock type by fracture, not
cemented together.

cé> le—Welded(?) fracture, cemented with clay.

RS

Separated while trying to break below
for sample.

e ( \Jt\

Open fracture--likely opened by drilling.

e Horizontal fracture across large vesicles--

§§!§’Zf bottom lined with clay.

76-3-10 Diagonal fracture in dense-gray basalt filled with yellow
24,78 m gray (5Y 7/2).
76-3-11 Diagonal fracture showing obvious evidence of two

episodes of fracture filling.

1. Light-tan clay material on lower fracture wall; and

2. Medium-brown fine-sand lining fracture proper,
approximately 50 percent heavy minerals(?).

Light-tan clay coating.

Vesicular-gray basalt.

Dense gray basalt.

76-3-11(a) Upper surface material--sand, very fine, fine olive
gray (5 Y 6/2), high percentage heavy minerals; thin

to non—-existent clay coating on wall but some of the
vesicles contain clay.
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76-3-11(b) Lower surface--clay coating, jup to 2-mm thick yellow
gray (5 Y 7/2). There appears to be sand similar to
that overlying the clay, underlying it as well. The
clay appears laminated implying sand moved in by
major recharge events and clay moved in by a series
of minor events between the major events.

Basa{t
Thin discdntinuous clay on upper
basalt surface.

Fine-mediym-quartz sand about 50
percent heavy minerals, up to 1.5 cm
thick.

Layered (1 cm) light-tan clay.

Thin sand silt layer—-possibly from
basalt alteration.

Altered basalt (7).

76-3-12 Diagonal fractures from 27.80 to 28.04 m contain no
27.80~-28.80 m sedimentary infilling. Below 28.04 m, yellow-gray
clay (5 Y 7/2) fills vertical fractures.

27.08 m.

No clay llining these fractures.

28.04 m.

Clay lining diagonal fracture that
is intersected by core here.

T\

%
28.59 m
76-3-13 Red-brown to orange sedimentary material within
29.11-29.50 m cinder zone immediately over 34-m interbed--when
taken out of plastic bag, it was saturated with
H,O.
2
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76-3-13 (cont.)

29.11 m Py
29.20 m ]
e @
& Organic (?) soil horizon
& developed on the top of
Vesicular basalt 34-m interbed.
chunk in bright
orange-~clayey silt.

76-3-13(a)

76-3-13(b)

76-3-14
29.81 m

76~3-15
30.27 m
76-3-16
31.85 m
76-3-17
32.98 m

76-3-18
34.35 m

76-3-19
35.36 m

76-3-20
36.36-36.42 m

Organic silty clay draped
over basalt.

29.14-29.41 m~-—Organic-rich soil unit (10 YR 5/2)
with abundant vesicular-basalt pebbles. Some of

"pebbles have 2 mm+ clay rind on outside. Does not look

like the clay minerals precipitated, but were sedi-
mented there. Non-calcareous.

29.41-29.50 m--Red-orange clay (5 YR 6/4) draping top
of large vesicular basalt cobble, actually is orange-
clay cemented quartz sand which has been deposited on
top of layer (or layers) of light-tan clay which is
coating basalt. The red-orange clay is filling voids
on the surface of the light-tan clay.

29.50~29.81 m--Core tube bottom, medium-brown (10 YR 5/4)
silt to fine sand, moist, some basalt pebbles, slightly
rounded, up to 3 cm in diameter.

29.81-30.27 m--Core tube bottom, medium-brown (5 YR 5/4),
fine sand, very abundant gravel, up to 1 cm in diameter.

31.39-31.85 m--Core tube bottom, gray yellow, slightly

calcareous (5 Y 7/1), gravely fine-sand pebbles, less
than 1 cm in diameter. ' :

32.40-32.98 m--Core tube bottom, olive-gray clay
(5 Y 5/2).

33.68-34.35 m—--Core tube bottom, H. olive gray
(5 Y 5/2).

34,75-35.36 m——Core tube bottom, H. olive gray
(5 Y 5/2) clay rich fine sand.

35.97-36.48 m--Core tube bottom, sampled 36.42-36.48 m
for isotopic analysis (5 Y 5/2).

23



76-3-21
36.73-36.88 m

Vesicular, medium-gray basalt|,

extremely fractured--all

fractures to a depth of 38.23 m filled with cement;

many vesicles adjacent to fr
material fine sandy silt with

ctures filled--all

abundant clay, moderately

yellow-brown (10 YR 5/4).

izontal fracture, sedimentary

cm thick.

Sediment-filled ho
material up to 0.57

1t large vesicles filled with
etal fabric.

Vesicular gray basa
sedimentary in geop

‘\\\Sediment-filled diagonal fracture. Contains
tubular holes, either root tubes or insect
burrows. Sedimentary material up to 5 cm thick.

36.88 m

Vesicular gray basdlt. Large vesicles filled with
sedimentary materidl in geopetal fabric; amount of
sedimentary materidl decreasing downward.

Smaller vesicles near fracture contain minimal
ﬁ///sedimentary materidl.

NS——Sediment -l ined frac¢ture about 3 mm thick.

ng gray basalt; minimal sedi-
at top, some at bottom.

Small vesicle bear
mentary in filling

Sediment -1ined dia%onal fracture, up to 5 mm thick.

37.31 m

med ium-gray finely~
sicles below 37.92 m
ntary material in geopetal

Sediment-filled fractures in
vesicular basalt, some of ve
partially filled with sedime
fabric.

76-3-22
7.92-38.25 m

Finely vesicular—-gray basalt,

Sediment-filled fracture, 5 mm thick--brown silt,
non-calcareous.

Vesicular-gray basplt, some vesicles partially
filled--geopetal fabric, non-calcareous.

76-3-22(a)

Vesicular gray
basalt, some
vesicles partly
filled with

Silty-clay, light jtan (10 YR 5/4), up to 5 cm thick,

non-calcareous.

clay silt. Unfilled or partially filled large voids with
calcareous sedimeqtary material.
38.25 m
76-3-22(b) Partially filled to filled large vesicles and

voids in finely vesicular-gray basalt.

24



76-3-22(b) Fibrous, lathlike mineral, also mucelaginous coating
(cont.) over exposed clay surfaces (10 YR 5/4). Very hard,
‘ when broken shows crystal faces on broken surface--
appears to have been formed prior to infilling with
sand. Likely most CaCO3 present in some of sandy
filled vesicles. :

Possible that this is cement from some adjacent
cemented hole.

Rock bit samples from 39.84-65.53 m.

Dense-gray basalt at 65.53-67.82 m, clay at 67.82 m
(top of 73-m interbed).

76-3-23 Dense-gray basalt to within 15.2 cm of top of 73-m
67.82 m interbed.
67.67 m Very dense-gray basalt.
67.82 m Red-orange (5 YR 6/4), slightly calcareous,
‘-;//well consolidated clay. The calcareous
portions look to be light tan.
67.82 m - Top of "73-m interbed"
76-3-24 Bottom of core 68,58-68,88 m--Red-brown clay (5 YR 6/4),
68.88 m dry, semi-consolidated.
76-3-25 Bottom of core 70.01-70.41 m——yellow-brown clay
70.41 m (10 YR 5/5), slightly calcareous, silty, semi-consolidated.
76-3-26 Bottom of core 71.60-71.99m--Yellow-brown clay (10 YR 5/5),
- 71.99 m non-calcareous.
76-3-27 Bottom of core 73.12-73.27 m--Medium brown (10 YR 5/5).

73.27 m

Bottom of 73-m interbed at 73.27 m, in solid basalt.
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76-4-1
3.60-4.18 m

76-4-2
5.03 m

WELL76-4

Diagonal and vertical fractures in vesicular to
moderately dense-gray basalt Fractures filled with
light brown to tan fine-sedimentary material (10 YR 7/3).

Deposit appears mottled--with light—tan material around

what may be root tubes or worm burrows. Deposit up
to 1 cm thick in portions of| fracture.

Open fracture, both horizontal

- and| diagonal--no lining or
3.60 m filhing material.
\ All| fractures lined and filled

with CaCO3-rich fine clay.

No material coarser than clay.

4,18 m < CaCO,-rich fracture filling
matetrial .

Horizontal fracture in light-gray dense basalt filled
with sedimentary material. |Looks slightly layered

with silt-size material and |brown overlying light tan
carbonate (5 YR 7/2).

Top of "9-m sediment interbdd".

Se¢ blow-up on next page for
sed imentary material (6.0-6.58 m).

Medium-gray vesicular basalt underlain by brown to
red-brown clay.
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76-4-3(a)
6.10-6.25 m

76-4-3(b)
6.25-6.58 m

76-4-4
7.0l m

76-4~5
7.47 m

10.58-10.82 m

76-4-6

76=4~7
19.96 m

Vesicles lined
with red iron
oxide.

6.10m [
Dark brown, moist sedimentary material
(10 YR 4/3), possible soil zone.
Mottled zone.
6.25 m AL
777
’ Red-brown, dry clay (10 YR 5/4).
6.58 m

Upper dark-brown zone has earthy odor, very lightly
calcareous. Lower unit-fine silt, very slightly
calcareous,

Dark-brown silt, soil odor(?). Bottom of 9-m interbed,
slightly calcareous (10 YR 6/2).

Sed iment-filled horizontal fracture in medium vesicular
dark-gray basalt, very slightly calcareous, Light-tan
clay (10 YR 6/3) about 1 cm thick.

Fractures, diagonal, unlined--in light-gray dense basalt.

Light-tan clay linings on fractures in vesicular red-brown
basalt (10 YR 8/2)--all clay coatings are thin, none
of the vesicles or fractures are filled.

Evidence of several sequences of sedimentary input to
diagonal fracture in red-brown vesicular basalt.

Light-tan clay (10 YR 8/2) lining some of the vesicles
above and below fracture and also lining the surface
of fracture. These coatings are then covered by fine
silt; possible evidence of thick episode in coarser
(fine sand) material in part of fracture.

4 §§f*‘Fine sand (?), very localized.

~

‘\\\Silt, med ium brown (10 YR 5/2).
Lower vesicle surfaces coated with
light-tan clay (10 YR 8/2).

Clay up to 0.7 cm thick one fracture surface; silt
deposits that thick in other locations. Calcareous.
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76-4-8
20.70 m

76-4-9
22.95 m

76-4-10
21.18-22.22 m

76-4-11
23.8-24.72 m

76-4-12
29.93-30.78 m

Multi-episode fracture fillitg. Medium~brown silt

above and below light-tan cl
horizontal fractures.

y (10 YR 8/2) in

Clay lined horizontal fract;te between dense light-gray

basalt (5 Y7/2) and vesicul
Slightly calcareous.

coarsely vesicular basalt.

light~gray basalt.

Some vesicles show

Series of sediment-lined frﬂctures in light-gray
T

laminations in geopetal fab

Series of vertical and diagd
dense light medium~gray bas%
(no coatings or minimal coat
clay, light tan (5 Y 7/2).

23.8 m

ic of clays (5 Y 7/2).

nal fractures in moderately
1t. Some fractures clean
ings), some lined with

\
N/
24,11

%

24.41 m

24 .72 ?

Clay coatings (not thick)
in fractures.

ST Fracture relatively clean.

34-m interbed--very thin, highly calcareous, CaCO
cemented base of sediment interbed and top 0.3 m of
fractured red-brown vesicular basalt.
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76~4-12(a)

76=4-12(b)

76~4-12(c)
' 76~4-12(d)

76~4~12(e)

76-4-12-(f)

29.93 m

30.18 m

30.57 m

30.72 m

29

{~——— Medium gray, medium vesicular

basalt.

Dark red brown (5 YR 4/6), semi-
consolidated to consolidated,
iron oxyhydroxide-rich sand; no
carbonate.



76-4A-1
3.47 m

76-4A-1(a)
76-4A-1(b)

76-4A-2
4,02 m

76-4A-3
4.94 m

76-4A4

76-4A-5
7.04-8.08 m

on the upper surface at least

WELL 76-4A

Horizontal fracture in moderaLely coarse vesicular

med ium-gray basalt,
material. Highly calcareous.

Lined with fine-sedimentary

Fracture filling material may be almost all carbonate--

P
~

CacCQ

Upper surface (5 Y 8/1).
Lower surface (5 Y 7/2).

Vertical fracture coating mat]
S~ stig
' coat

druj

Horizontal fracture in light
light-tan fine-material (5 Y

Diagonal fracture in light-gr
light-tan fine material (5 Y

Top of "9-m interbed" at 7.04
(See sketch).

2 ~———— CaC0

.

white precipitate.

w

3 rich clay (?) material.

erial (5 Y 6/2).

htly calcareous clay material
ing, but not lining,
ture.

ture clean except for CaCO
e.

3

dense basalt lined with
Non-calcareous.

gray,
6/2).

ay dense basalt filled with
7/2). Non-calcareous.

m.




76-4A-5(a)

76-4A-5(b)

76~-4A-5(c)

76-4A-5(c)

76-4A~6
16.43 m

j«———Dense light-gray basalt.

2 = |e———Vesicular light-gray basalt.

7.04 m «
~ ] Red-brown (10 YR 4/2), powdery
clay, calcareous.

’u¢:w¢]<g———__Brown fine—grained clay (5 Y 6/2)

§E§§§§ calcareous.
8.08 m v
o = . .
N &’3 <———Medium gray, vesicular basalt.
N ©
ll e Q
"'4.:‘,- . .
“f.!nnre——————Wbll consolidated light-tan
) !’
S (5 Y 6/2) fine sedimentary

o material.
D e ji

8.47 m Pw_ff_)

Sed iment missing.

- m— e —

Consolidated light-tan fine-silt-clay material
filling vertical and diagonal fractures. These are
carbonate accumulations in root tubes or worm borrows
within sediment.

Side view

Calcareous material.

Diagonal fracture in slightly vesicular brown basalt.
Fracture filled with light brown, clay-silt material
(5 Y 7/2). Series of diagonal fractures with some
orientation contain little or no sedimentary material.
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Minimum sedim

[«—Sedimentary-f

76-4A-7 Diagonal fractures in slightl
23.59 m basalt, some vesicles filled
balls (5 Y 7/2).

entary material present.

illed fracture.

L\\\—~\<——-Sediment:ary-fi.llerl fracture.

<—Sedimentary-flilled fracture.

y vesicular light-gray
with clay forming clay

< Lﬁ—Light-gray basalt--few large

—— L O vesikcles; most clean.

Filled vesicle

Partly-filled

<h-C1eJr to slight clay coating.
e o©e—Vesicles—--clay filled.

k—Dense light-gray basalt.

vesicle.

Surface slightly clay coated, calcareous.

76-4A-8 Contact representative of "34-m sedimentary interbed".
29.84 m
QS
L Vesicular medium-gray basalt containing
o fractures and Vesicles lined with light-
® a tan layered clay.
e »
29.84 m [\
}’i317{L5_Red-brown fine |sand and silt, sediment

1
PO
.

30.08 m <

¥
AR
C g 0oir

& with CaCO3.

#.7%  stained with iron oxyhydroxide.

- {€—Red~brown vesicdular basalt--some
vesicles throughout coated and lined

30.48 m ﬁ\Vesicles near base have red-brown material

32

/ h\\on bottom; whitle CaCO. precipitate.
Layered white to brown CaCO3.




76-4A-8(a) Light tan layered clay (5 Y 7/2) from fractures
29.78 m (diagonal) approximately 0.06 m above contact between
34~m interbed and overlying flow.

76-4A-8(b) Red-brown, iron oxyhydroxide stained fine sand (5 YR 4/6).
29.84-30.08 m

76-4A-8(c) Contact between iron-stained material and underlying

30.08 m basalt showing alteration, chemical precipitate in

vesicles (N9).

76-4A-8(d) CaCO,, filled horizontal fracture. White precipitate
30.45 m in vésicles overlying CaC0, unit (5 YR 8/1).
76-4A-9 Horizontal and diagonal fractures at contact between
61.66 m light medium-gray dense basalt and vesicular red-brown

basalt.

Fracture lined with light-brown clay (5 Y 6/2).

Dense gray basalt.

:%“‘NFew elongated vesicles, clean.

/(//Clay coated fractures,

Vesicular red-brown basalt.

76-4A-10 Vertical fracture in slightly vesicular light-gray

63.03-63.49 m basalt. Upper fracture lined (coated) with clay;
lower fracture (slightly different orientation) is
clean at top and slightly coated at bottom (5 Y 7/2).

76-4A-11 Series of vertical, horizontal, and diagonal fractures

64.50-64.71 m in dense light-gray basalt. Thin clay coating on main
vertical fracture (5 Y 7/2).

76-4A-12 Top of 73-m sedimentary interbed.

68.18 m

\ f<— Dense light-gray basalt.
|
|

| o .
L e Few vesicles,
o 1

62.18 m g%fi;figxk\~Vesicles filled with light-tan clay,
WIS brown silt clay, very dry slightly
R ey consolidated, and non-calcareous
TTTTL (5 R 6/4).



76-4A-12(a) Light-tan clay from vesicles jabove contact (10 YR 8/2).

76-4A-13 Brown plastic clay, slight silt content--moist and
69.49 m calcareous (5 YR 5/6).

76-4A~14 Brown plastic clay, calcareous, moist, slightly silty
70.29 m (5 YR 6/4).

76-4A-15 Brown plastic clay, non-calcareous (5 YR 5/6).
70.81 m

76-4A-16 Brown, fine sandy silt, non-cdalcareous (5 YR 4/4).
71.14 m

76-4A-17 Brown, medium sand, non-calcdreous (5 YR 4/4).
71.60 m 7

76-4A-18 Brown, medium to fine sand with clay lenses(?) non-
72.21 m calcareous (5 YR 4/4).

76~4A-19 Brown, silty clay, non—calca#eous (5 YR 5/6).
72,51 m

76~4A-20 Brown plastic clay, non-calcareous (5 YR 6/4).
73.03 m

76-4A-21 Brown clay, non-calcareous (5 YR 4/4).

73.46 m

76-4A-22 Brown, silty clay, non-calcareous (5 YR 4/5).
73.82 m

76-4A-23 Brown, silty clay, non-calcareous (5 YR 4/4).
74.19 m
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76-5-3

WELL 76-5

Diagonal fracture in light-medium gray vesicular
basalt. Fracture lined with fine-medium grained
material--slightly calcareous (10 YR 4/3).

Med ium quartz with fine carbonate-clay material for
matr ix--clay carbonate lining top and bottom walls of
fracture.

Upper fracture surface more
calcareous material than
Yoo lower.

Vesicles cut by fractures filled with sand over clay
linings.

Series of diagonal fractures in dense medium-gray
basalt filled with light-tan clay to silty material
(5Y7/2).

Sedimentary material in part welds fractures closed.
Good evidence of several episodes of fracture filling-
coarser material in center of fracture.

\ 5.21 m

5.36 m
~—__ Fracture welded shut--

evidence of episodic
fracture filling.

/} 5.43 m

Vertical and diagonal fractures in medium-gray dense
basalt fractures filled with gray-brown quartz silt
and clay (5 Y 7/2).
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76-5-3 (cont.) 6.83 m

Coarse pilt and sand filling fracture.

76-5-3(a)~-clay lining fracture walls
with root tubes, caved with coarser
7.13 m sediment .
7.44 m ! /éyzzﬁ
76=-5-4 Continuation of 76-5-3 vertical fractures.
7.44-8.05 m .
7.44 m 7 4/1<%____,Vertica -diagonal fracture, dense
med ium-gray basalt.
76-5-4(a) et~ Fracture filled with light-tan silt,
,\ sand, and some clay on inner walls
7/
4/4\ (5Y6/2).
7.74 m A
/ _Jee— Sedimentary material in filled
76-5-4(b) g i fractures (5 Y 7/4).
7.74-8.05 m ' "
. i /7?
W, :
v /2&Lt___ﬂ»cinder zone, dark gray basalt
8.05 m same sediment in voids.
76-5-5 8.14 m Red-br clay, baked 9-m
8.14-8.18 m sediment interbed, 4.6 cm red
8.18 m clay (5 YR 5/6).
~4<—— Fracturled red-brown vesicular
basalt.
76-5-6 Light-tan coatings in finely lvesicular dark-gray basalt.
10.12 m Possibly equivalent to interfillow contact (5 Y 7/2).
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76-5-6 (cont.) 9.27 m l¢———Dense basalt.

o L
v
ve?l \ Vesicular basalt,
2
v 0%
10.18 m |b @ ©
[&]
2 Dense basalt at 10.67 m.
) /
10.79 m
76-5-7 Light-tan clay lining horizontal fracture in vesicular
11.70 m basalt (5 Y 6/1). Possible contact between medium

gray, medium vesicular basalt and red-brown medium
vesicular basalt.

76-5-9 Horizontal fracture in vesicular basalt at top(?) of
13-05 m flow, light-brown tan clayey material (5 Y 7/2).

76-5-8 Vertical diagonal and horizontal fractures at base of
14.48 m - flow in vesicular gray-brown basalt. Light-tan clay

in vertical diagonal fractures (5 Y 7/1).

76-5-10 Brown to light-tan sedimentary filling intersecting
15.82 m vertical and horizontal fractures in vesicular
dark medium-gray basalt (10 YR 7/3).

76-5~-11 Light-tan clayey material (10 YR 6.5/3) in a series

17.19-17.65 m of diagonal, vertical, and horizontal fractures in
medium gray dense to slightly vesicular basalt.
Horizontal fracture artifacts of drilling.
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76-5-12 Horizontal fracture in gray-brown vesicular basalt,
21.03 m light-tan, clay coated (10 YR 8/2).

21.03 m ——————j Fracture| coated with clay and
| —dissected vesicles filled
partially, geopetal fabric.

21.61 m «—Fracture coated with clay.
\\\\‘sq Fracture, minimal coating.
76-5-13 ' Series of diagonal, vertical, horizontal fractures in
22.92-23.41 m slightly vesicular light medium-gray basalt clay

coating all and filling most fractures (5 YR 6/2).

*i s w&—Sedimentary material.

Sedimentdry material.

23.4]1 m

Entire surface of core very|dirty--looks like core
contained water when drilled through.
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76-5-14
24 .46-24.77 m

76-5-15
25.76 m

76-5-16
26.24-26.82 m

Diagonal fracture in dense medium-gray basalt; bottom
20.3 cm is welded together by material in fracture
(10 YR 7/2).

’

Sampling point.< i !
le No sedimentary material--

drilling artifact(?).

Fracture cemented by clay in
fracture.

Intersection of two diagonal fractures in medium-gray
dense basalt. Light tan clay (5 YR 6/2) filling
fractures were saturated when removed from core
barrel(?), shows imprint of glove material used for
handling core.

Light-tan clay coated with light-gray basalt dust from
drilling.

Vertical-diagonal fractures in medium-gray dense
basalt. Light-tan clay filling fractures (10 YR 7/2).

All horizontal fractures core

26.24 m drilling artifacts(?).

26.67 m
Basalt sections cemented
together by fracture filling
clay.

26.82 m
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76-5-17
27.49-27.80 m

76-5-17

76-5-18

76-5-19

76-5-20

Series of diagonal fractures

filled with light-tan clay

in red-brown very vesicular basalt.

Sediment was saturated when drilled, evidenced by mud

streaks on sides of core.

T
28.65 m ‘,u a
S

40

Sedimentary material (10 YR 7/2).

Sedimentary material (10 YR 7/2).

Sedimentary material (10 YR 7/2).

Sedimentary material (10 YR 7/3).



76-5-21
29.23 m

76-5-22
29,96 m

76-5-23
30.97 m

76-5-24
32.49 m
76-5-25
33.07 m

76-5-26
33.38-34.84 m

76-5-27
34.84-34.99 m

76-5-28
36.52-36.73 m

Contact between basalt and 34-m sedimentary interbed,
brown sand, dark gray vesicular basalt.

Medium brown, slightly silty sand, quartz, non-
calcareous (10 YR 5.5/5).

Medium brown slightly silty, very slightly calcareous,
poorly sorted, few pebbles up to 0.5 cm (10 YR 5/4).

Light medium brown, silty fine sand; poorly sorted,
gravel, few pebbles up to 0.25 cm, slightly calca-
reous (10 YR 5/2).

Light brown silty fine sand (5 Y 6/3).
Recovered 0.30-0.15 m vesicular gray basalt, 0.15m
light brown fine sand, calcareous.

Light brown sandy clay (10 YR 6.5/3).

White CaCO, — |
precipitate
lining basalt
sur face.

'L:“\Iight-brown sandy silt with
light-tan CaCO3 rich root
tube or worm burrow traces.

Clay-lined —>f¢
fracture.

Light brown carbonate rich fine silty-clay (10 YR 6/5)
filling vertical and diagonal fracture in dense to
slightly vesicular medium-gray basalt. Carbonate
coating upper and lower surface with some finely
disseminated carbonate in sand filling center of

void. Much less carbonate than on surface.

€— CaC0, rich fracture lining material.

3

J—Light tan silt and clay.

CaCO3 rich fracture lining material.
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76-5-29
64.00-65.47 m

76-5-30
67.79 m

Clay coatings in series of fr
horizontal, and diagonal) in
vesicular medium brownish-gra

64.00 m

64.47 m :\\w

64.65 m

AN

65.23 m

65.47 m =

Number and size of vesicles d

:

Top of 73-m sedimentary inte
light reddish-brown silty cl
consolidated and dense mediu
few vesicles at base.

e,

v

‘e—— Clay-coat

Partially

Clay coat

42

When brok
grecn-bro

fe—— Clean con

Lctures (vertical,
extremely to slightly
y basalt (10 YR 7.5/3).

ed fracture.

clay-filled vesicle.

ed diagonal fracture.

ecrease with depth.

bed contact between

y (10 YR 5/4) semi-
gray basalt with

en, fracture exposed
wn clay.

tact.

Non—calcﬁreous sedimentary material.




76-5-30(a) Green clay in fractures in basalt immediately above
67.79 m contact of basalt and 73-m interbed (5 Y 7.5/3).

Green clay obviously moved down from above.

X
/ ./'/// Green clay.
% Z= Redish-brown silty clay.

— -

76-5-31 Dark brown, slightly calcareous, silty-fine sand,
68.64 m moderately well sorted (10 YR 5/5).

76-5-32 Dark brown calcareous silt, well sorted (10 YR 5/4).
69.46 m

76-5-33 Dark brown calcareous sandy silt and silty~fine sand
70.20 m (5. YR &4/4).

76-5-34 Medium brown, possibly slightly calcareous silt"
71.02 m (10 YR 5/4).

76-5-35 Brown plastic clay (10 YR 5/4).

71.90 m

76~5-36 Dark brown plastic clay, slightly less plastic than
72.66 m sample 76-5-35 (10 YR 5/4).

76~5-37 Medium brown, plastic clay (10 YR 5/3).

73.52 m

76-5-38 Light medium-brown plastic clay (10 YR 5/3).

73.82 m 4



WELL 76-6

76-6-~1 Vertical, horizontal, and diagonal fractures in
3.69 m vesicular, medium-gray basalt+top of flow.

3.38 m

3.69 m
Calcareons light-tan silty clay (5Y6/2).
Fracture| lined with light-tan clay,
but not [filled or cemented.

3.99 m

4.30 m jrs—————-Bag off chips.

1

Looks like two episodes of frjacture filling:

1. Light tan, very calcareous clay such as lining frac-
ture from 3.75-4.30 m; and

2. Brown-silty clay, calcareous.

76-6-2 ‘ Diagonal fracture in medium-gray dense basalt; upper
4.60 m sur face CaCO, precipitate codated, lower surface also
CaCO3 coated.

precipitate on upper surface.
3 coating on lower surface.
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76-6-3 Series of vertical and diagonal sediment-lined and filled
4,75-5.67 m fractures in dense medium-gray basalt.
4,91 m,
Sample for thin Fracture, white CaCO, precipitate
section (TS) and coated, not detrital “material.
SEM analyses.
Fracture, sediment filled; light-tan
5.21 m fine silt, non-calcareous (10 YR 6.5/3).
\H?’,,Samp1e~for TS and SEM analyses.
¥
Dark-gray streak in basalt, some light-
tan material in void along streak at
bottom.
5.52 m
- Dark-gray streak--diagonal fracture
sediment filled.
76-6-4 Diagonal fracture in medium-gray dense basalt, contains
7.41 m non-calcareous material, light-tan clay (5 Y 7/2).
76-6-5 Diagonal fracture in moderately dense portion of vesicular
14.90 m light to medium gray, basalt sequence.

Small amount of light-tan clay coating bottom surface of
fracture, non-calcareous (5 Y 7/2).

Very small amount of sedimentary material,
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76-6-6
23.10 m

76-6-7
26.82 m

76-6-8
28.99 m

76-6-9
31.12-31.76 m

Possible alteration of red-briown coarsely vesicular
basalt. Light-tan coating in some vesicles, either
chemical precipitate or some alteration--not sedimentary

deposits.

Calcareous.

Diagonal fracture in medium-gray dense basalt,
fracture surface coated with [light-tan clay (5 Y 6/1).

Driller's log suggests weathering surface near this

depth--no good evidence for

uch. There is some

yellow-brown stain on the side of some pieces of
core. Looks like may be related to zone saturated

with HZO'

Calcareous.

Diagonal fracture in medium-gray, dense basalt, lined
with light-tan clay (10 YR 8/2).

Calcareous,

"34.m sedimentary interbed'"-+Orange-brown to light-
tan (10 YR6/4) sedimentary material underlying
medium gray dense to vesicular basalt and overlying
medium gray coarsely vesicular basalt,

Some significant portion of this interval was sampled for
isotopic analysis, so stratigraphic significance is
destroyed. Possibly significant mineralogically.

31.12 m
EE
e
31.76 m [ e <)

Dense basalt.

-Vesicular medium-gray basalt.
Se¢d imentary material,

~L&—-————-—Basalt in sedimentary material.

;:;‘&_____———Sedimentary material,

[<<—————— Red-brown, vesicular basalt with
precipitate-filled vesicles.

Very slightly calcareous in part.
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76-6-10
33.19 m

76-6-11
43,01-43.62 m

76~-6-11(a)

Diagonal fracture in medium-gray vesicular basalt
filled with yellow-brown fine-silty material
(10 YR 5.5/5).

Few vesicles immediately above fracture have sedimen-~
tary material in lower portion.

Diagonal, horizontal, and vertical fractures in
medium red brown very vesicular basalt. Bottom of
flow(?). Some light-tan alteration on upper surface
of diagonal fracture, minimal sedimentary surface.

Fine material lining vertical fracture, same color as
basalt; suspect drilling dust from air drilling basalt!

Non-calcareous (5 YR 5/1).

43,01 m Face of vertical fracture.
/44
71,
7
?, o,
/e
43.31 m 4; 9
2N
L . .
/ Sedimentary material, TS samples
j;/ from these two horizontal fractures,
;{ clay (10 YR 8/2).
ARS
=
i |
/// , Vesicles get smaller in size and
:;f ® greater in number with depth.
43.62 /// g
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76-6-12 Series of diagonal, horizontal, and vertical fractures,
43,83-44,23 m a continuation of those samplled as 76-6-11.

Most of material sampled appears to be basalt dust from
drilling.

76-6~12(a) From lower diagonal fracture |surface. Contains more
sedimentary(?) material (5 Y |6/2).

76-6~12(b) From upper diagonal fracture |surface. Richer in basalt
dust.

Non-calcareous (5 YR 5/1).
Possible flow contact at 54.01 m.

76-6~13 Series of fractures in red-brown vesicular basalt

57.33-58.77 m slightly coated with light-tan clay (10 YR 7/2).
57.33 m

’-e—-Dense red-brown basalt.

57.64 m
Cinder zone.

57.94 m
Horizontal fracture in vesicular basalts.

58.24 m

58.55 m
Sedimentlary material, light tan, in

fractures.
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76-6-14
60.69-61.39 m

76-6-15
61.48-61.81 m

Sediment coating of vertical fracture surfaces, again
combination of basalt drilling dust, light-tan water
deposit, and sedimentary material (10 YR 7/2).

60.23 m c— Dense, red-brown basalt, few
large veiscles.
SRR

60.53 m (.-, > {<—Cinder zone at 60.53 m.

/f?b/z; Vesicular, red-brown basalt with
¥ e e, light-tan sediment lining some

k = ¢ of cinder zone.

Y 5;—»

60.84 m %' P{fz Cinder zone may be flow contact.
l s Face of vertical fracture.
e

-~
z /’)

6l.14 m o

L2

\\/ |
ol

\‘ /*' }
7

61.45 m =
o )

P
61.66 m . Dense medium-gray basalt.

Diagonal fracture in medium—-gray dense basalt, lower
sur face light-tan sediment coated, (10 YR 8/2) upper
surface streaked showing fracture. Open but fairly
close together.

61.48 m ‘
p} !
4;$V““ Little sedimentary material
== in diagonal fracture, reason-
able amount in horizontal
fracture.

Few large vesicles, non-calcareous..
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76-6-16 Diagonal, vertical, and horizontal fractures in medium

64.34-64.71 m to coarsely vesicular basalt (10 YR 8/2), bottom of
flow(?).
64.34 m l<<——— Dense basalt.
o e i3<=———Vesicular basalt.
o 2 ”
64 .47 m
64.71 m
76-6-17 Light-tan material in diagomal fractures at bottom of
66.84-67.15 m disrupted core (probably from 66.08 m).

Some sedimentary material (10 YR 7.5/3) present, but
it is all extremely contaminated with basalt drilling
dust. No sample taken.

76-6-18 Curved fracture in dense to|slightly vesicular medium-
69.68-70.04 m gray basalt.

Slightly calcareous (10 YR 7/3).

o
[ C
9] o
76-6-19 Top of "73-m sediment bed".

70.77 m
Extremely fractured, slightly vesicular—-gray basalt with
some sedimentary material fractures.

Fracture filling material immediately above contact
between overlying flow and sedimentary interbed (10 YR 7/4).
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76-6-20

- 7077-71. 08 m

76-6-21
71.54 m

76-6-22
72.02 m

76-6-24
72002“72094 m

76-6-24

76-6-24(a)

Brown, fine silty clay (10 YR 5/4).
Non-calcareous.

Brown, fine silt (5 YR 5/6).
Non-calcareous.

Brown, fine silt (5 YR 4/4).

Red~brown sedimentary material from thin interbed or
thick fracture sequence immediately below above
sample (76-6-22).

Sedimentary material appears to be filling an array of
fractures or voids in vesicular-gray basalt.

72002 m

72.33 m

72.63 m

72.94 m

7

51

Red-brown sedimentary material
(10 YR 5/4) well consolidated-baked(?).

R\\\Non—c:alcareous.

Very rubbly, sketch is schematic of

what likely was present before drilling

(10 YR 5/4).

Vesicular medium-gray base.



76-6-23
74.01-74.31 m

Vertical fracture filled wijh light-brown sedimentary

material (5 YR 7/2) under d

nse basalt, in vesicular basalt,

looks like sedimentary bed below basalt underlying 73 m

interbed.

72.94 m A___~m

73-24 m

73.55 m

73.85 m

o 0 O
o
o V0 [

| —Fracture filled with sedimentary

material.
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WELL 77-2

77-2-1 . Sediment filled fractures (diagonal and horizontal)
5.33-5.70m in medium dark-gray vesicular basalt. Very non-
: calcareous (5 Y 7/2).

Vesicles in middle position coated with CaCO

. . 3
precipitate.

s-«———Sediment filled, fine silt, CaCO, rich.
o v 1"‘-CaCO precipitate lining bottom of
o ) fracgure surface.

‘\\\\Upper surface of large vesicles coated

o ‘3 with CaCO3.
9 © Very fractured, clay coated vesicular
basalt.
77-2-2 Sediment filled diagonal fracture in medium-gray dense
6.92 m basalt (5 Y 7/2).
77-2-3 "9.m sediment interbed" equivalent at 8.44 m(?).
7.83-8.44 m Light-brown tan, fine silt (5 Y 6/2) fill horizontal,

diagonal, and vertical fractures in vesicular medium-
gray basalt.

No chemical precipitate in vesicles.

No CaCO3
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77=-2-4 Bottom of "%-m interbed'"(?) |section between 8.44 and
9.21 m 9.21 m is missing.

White precipitate, slightly calcareous
& to calcareous.

Sediment-filled vesicles, voids, and
surface of |flow underlying 9-m bed.
Light tan, |[fine—-sedimentary material
(5 Y 6/1) is calcareous.

77-2-5 Flow contact(?)--between grdy, finely vesicular
11.09 m basalt and coarsely vesicular, red-brown basalt

(5Y7/2).

Light-tan clay filling voidg between two types of

basalt,

L&————Dense basalt.
= .
©

4<—— Sedimentary deposit up to 1.5 cm
thick, calcareous.

N&‘\\White precipitate in some vesicles—-
exposure ati surface(?).

77-2-6 Sediment filled (light-tan qlay) diagonal fractures
11.92-12.01 m (5Y 7/2) in medium-gray basalt with sparse, large

vesicles.

le<e—— No sedimentiary material in vesicles,
only minor coating on parts of wall
of vertical fractures.

Sediment-filled, calcareous, up to
0.5 cm thick in fractures.

l<——No sedimentlary material in vesicles.
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77-2-7 Diagonal fracture, sediment filled (5 Y 6/2) in medium
15.54~15.70 m gray slightly vesicular basalt.

Sediment-coated fracture, calcareous.

77-2-8 Series of sediment-lined or filled (10 YR 7/3)
16.00-16.46 m diagonal fractures in medium-gray vesicular basalt.
15.70 m 77-2-7 lower sampling point.
l}"\.’-
o
b"l‘g

«— 20.3 cm gap.

16.00 m
Sediment-filled fracture,

=< calcareous.

16.31 m

© v Sediment~-filled fracture,
calcareous.
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77-2-9
19.02-19.78 m

77-2-9(a)
19.02-19.23 m

77-2-9(b)

Coated and filled diagonal fractures in dense med ium-
gray basalt. Upper fractures (19.02 to 19.23 m +)
are only lined or coated with light-tan clay. The
lower fractures (19.54 to 19.78 m +) contain sufficient
fine silt to fine sand, medi#m brown, to be filled.

19.02 m

calcareous.

19.32 m

\\\“\4 Slightly, sediment-linéd
\_v’/// (5 Y 7/2) diagonal fractures,

Silt, nbn-calcareous (5 Y 7/2).

FracturL cemented together by
_Af//’sedimentary material.

19.63 m %;£§§§§
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77-2-10
20.36-20.79 m

77-2-10(b)

77-2-10(a)

77-2-11
21.58-21.67 m

Vertical fracture in dense medium-gray basalt filled
with up to 1.5 cm of sedimentary material in two sizes.

AR
.

4

a4
s
b
X

Fine light-tan clay, non-calcareous
(10 YR 6.5/3).

Coarser fine sand(?) medium brown,
non-calcareous (5 Y 6/2).

Fracture and vesicle filling at beginning of oxidized
vesicular basalt.

21.46 m

21.58 m

21.76 m

P24

L&———-Gray—dense basalt.

l«—— Gray vesicular basalt.

::::>Fractures lined and filled with light-
tan clay (10 YR 8/2).

h$“~Red-brown vesicular basalt.

Bottom surface of gray vesicular basalt--showing
light-tan clay on top of darker (light-medium brown),
slightly coarser material (5 Y 6/2).

Evidence of two episodes of fracture filling.
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77-2-12 Series of diagonal fractures in red-brown coarsely

21.98-22.07 m vesicular basalt. Some fractures, the wider ones(?),
filled with sedimentary material. Narrower ones only
clay coated.

o o

€ P

«—— Possibly very slightly calcareous.

21.98 m

22.07 m V

77-2-13 Clay and fine silt filled diagonal fracture in
23.29 m red-brown vesicular basalt (10 YR 6/3). Clay on
upper sur face.

«——Clay, light tan, dense cracks.
<<—— Fine silt sediment, medium brown.

77-2-14 Water producing zone, horizontal and diagonal fractured
26.12 m dense medium-gray basalt (5 Y 7/2).
26.03 m
[ >
—

26.33 m o
Minimal clay coatings on any of
the fracture surfaces except void
at 26.64 m.
77-2-15 26.33m g
26.33-26.64 m

—
-

26.64 m &

Clay-lined surface of void (5 Y 7.5/3).
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THIN-SECTION ANALYSES

Thin-section analyses of samples from the 1976-1977 drilling program
were made to determine significant sedimentary characteristics. In addition
to cored. samples, surficial sedimentary samples were collected to attempt
better characterization of the surficial sedimentary material and to relate
this characterization to those observed in the sedimentary interbeds.
Sedimentary samples were also obtained from trenches excavated beneath pit 2
(see fig. 2), which was utilized from 1959 through 1963 for the burial of
transuranic waste. These samples are designated EWR samples for their

locations beneath Early Waste Retrieval (EWR) pits.

Thin-section observations and those made utilizing scanning electron

microscropy are presented in the following section.

WELL 76-1

Sample 76-1-1 taken at 26.21 m shows a sediment-basalt contact in a
fracture (fig. 3). This sequence starts with unaltered basalt. The first
sedimentary layer may be a zone of basalt alteration up to 60 uwm thick. It
contains small, diameters up to 12 um, opaque mineral grains not observed in
the overlying thicker clay layer and is bounded on the sedimentary side in
some places by an iron-oxyhydroxide band up to 36 pm thick. The second
sedimentary layer is a series of layers of clay up to 550 um thick. The
clay shows evidence of compaction and desiccation. Because most of the
desiccation fractures are continuous into the overlying coarser material and
‘show no infilling by the coarser material, it is believed that the
fracturing occurred after coring. The desiccation fractures do not
penetrate the zone of basalt alteration but turn parallel to it. This may

be a function of "armoring" by the iron-oxyhydroxide layer.

Sand fracture-filling material appears to have been introduced in at
least two events. The first sand fill consists of poorly sorted quartz sand
grains, up to 100 um in diameter, in a fine silt-clay matrix. Some of the

elongated grains show orientation with long axis parallel to fracture
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surface. The second sand fill has a much larger average grain size but the

maximum grain size is only 120 pm. The matrix is a clay-silt material.

Secondary amorphous silica is observed as partial vesicle filling and
complete vesicle lining (76-1-1 at 27.83 m). The silica structure has grown
away from a point on the wall of the vesicle with no obvious route for
solution migration. The bottom of the vesicle also contains layered
amorphous silica. Some vesicles in the same thin section are filled with
layered silica. All of these samples (76-1-2(a), -2(b), and -2(c)) were
collected from vesicles in the flow which in other nearby wells is overlain
by the 34-m sedimentary interbed. No chemical precipitants are observed in
vesicles of the shallowest flow in this sequence suggesting that the flow
was not exposed long enough under climatic conditions conducive to the
development of alteration products similar to those associated with the 34-m

interbed.

Additional observations in the same sequenceé include the replacement of
secondary silica by later-stage secondary carbonate (76-1-3(b) - figure 4,
and white precipitation in 76-1-4(b) and 76-1-4). Clay-coated grains
observed in section 76-1-4(a) from a sand-filled fracture show secondary
silica coating the clay coated quartz grain. his silica coating occurred
following the emplacement of the sand in the fracture as evidenced by the
discontinuity of the silica coatings where clay-size material is present as
matrix material in the sand. Interlayering of silica and carbonate observed

The former hypothesis is

in 76-1-4 suggests either selective replacement or a sequential deposition
which would require alteration in water chemistrL

more plausible.

Samples identified as 76-1-4 show a thick (up to 1 cm) layered silica
and carbonate precipitate on the upper surface of sand-filled voids. There
is no evidence of clay lining the bottom surface of the void. Clay is
observed overlying the sand and coating a verﬁical fracture which cuts the

sand and the underlying basalt.

X-ray analysis of a sample of stalactitfic vesicle filling material

(76-1-6c) at a depth of 29.02 m indicates poorly crystalline cristobalite
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STANDARDS AND 6§ NOTATION

In geochemical studies the absolute ratios of the isotopes are
generally not discussed, a more convenient notation being the differences in
those ratios. Because of this, geoscientists normally report isoﬁopic
differences in the § (delta) notation. The value in per mil or parts per
thousand (o/oo) reports the ratio of a sample relative to that of a known

standard. The value is defined as:

R - R

5 (o/oo) _ SPL STD X 103
SPL — R
STD
where RSPL is the ratio of D/H, 180/160, or 130/120 for the sample and RSTD

is the corresponding ratio for a known standard. The ratio is always that
of the heavy isotope to the light isotope. A positive number 1ndicétes that
the sample is enriched in the heavy isotope relative to the standard, while
a negative number indicates that the sample is depleted in the heavy isotope
relative to the standard. The value is what is actually measured by an

isotope ratio mass spectrometer.

The standards most commonly used for reporting stable isotope data are
supplied by the U.S. National Bureau of Standards and the International
Atomic Energy Agency (IAEA, Vienha, Austria). There are two internationally
accepted standards for reporting oxygen-isotope contents. The PDG (Pee Dee
Belemnite) standard, which was the working standard of the University of
Chicago Laboratory at the time the oxygen paleotemperature scale was
developed, is normally used only’for ocean paleotemperature studies. The
SMOW (Standard Mean Ocean Water) standard was defined by Craig (196la) in
terms of an NBS reference water, NBS-1. Since then IAEA-Vienna has prepared

a large quantity of water which they distribute as SMOW.
Intercomparison by many laboratories shows that the oxygen isotope

composition of this standard agrees with that defined by Craig (1961a)
within the limits of analytical uncertainty (0.5 o/oo).
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The SMOW standard is used for reporting hydrogen isotope compositions
also and was defined by Craig (1961b) relative to NBS-1. TIAEA water
distributed as SMOW has been found to be depleted in deuterium by 1.2 o/oo
(relative to Craig's (1961b) defined standard (C¢plen and Clayton, 1973)).
Most laboratories do not quote precision greapter than 1.5 0/oo so this

difference may not be serious.

The internationally accepted carbon standard is the PDB standard which
is no longer available. Carbon-isotope samples |are generally run against
laboratory standards which are calibrated against two reference standards
distributed by U.S. National Bureau of Standards NBS-20 (Solenhofen
limestone) and NBS-21 (spectrographic graphite). The analytical data is

then reported relative to PDB for ease of comparison with earlier data.

FRACTIONATION FACTORS

Fractionation discussed in isotope studies is the differentiation of a
mixture by the separation of components in any mass-transfer process.
Fractionation of isotopes is on the basis of slipht difference in molecular
mass. In general terms both physical and chemical processes can lead to
isotopic fractionation with the heavier isotope remaining in the condensed

phase and the lighter isotope favoring the more Nolatile phase.

A fractionation factor under equilibrium ¢onditions is related to a
chemical equilibrium constant, K, in that it tells the isotopic
fractionation that one should expect between two related phases under
isotopic equilibrium conditions. The isotope fractionation factor between

substances A and B is defined as:

If isotopes are randomly distributed over 411 possible bonding sites in

species A and B, the fractionation factor (ea) 1s related to the chemical
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equilibrium constant, K, for isotope exchange reactions in the following

way:

o - Kl/n’

where n is the number of atoms exchanged. For the isotope exchange reaction

of oxygen in CO2 to oxygen in water vapor.

16 18, -->, .18 16
1C 02 + H2 0 <-- 3C O2 + H2 0,
18, % 16
0T @0
16_ % 18
(€70, (H, 0)

The equilibrium constants for these reactions are equal to the fractionation
factor:
18,16
(770/770)
co,

K=as= , (Friedman and 0’'Neil, 1977).

18,16
Foroy o

NATURAL FRACTIONATION

Isotope fractionation may be caused by physical processes (evapora-
tion), chemical processes (mineral precipitation, redox reactions) or
biological processes (CO2 fixation during photosynthesis). General}y, it is
safe to say that during a physical or chemical process the molecule enriched
in the heavier isotope tends to remain in or enter the more condensed phase.
If we look at the evaporation process with a limited water reservoir and
evaporate the water, the water molecules depleted in either 180 or D will
escape across the air-water interface more easily. If we keep removing the
water vapor so as not to attain saturation, the residual water will become
more and more enriched in the heavy molecules until evaporation is

completed. If we use an infinite reservoir like the ocean, the enrichment

75



in the residual water will not be signif

icant, but an equilibrium

fractionation will exist between the ocean and tTe water vapor.

This fractional is observed in reverse
vapor from the atmosphere as rain. Once the air

vapor leaves the ocean and starts moving acr

conducive to condensation and precipitation will

heavier molecules will tend to condense first
mass even more depleted in the heavy isotopes.
the moisture precipitating furthest from the

temperature will be the most depleted in heavy i

It must be emphasized that isotope fraction
equilibrium constants,

permits the utilization of isotopes as paleotemp

Friedman and O’'Neil (1977) have published
fractionation factors which are of geochemical

factors used in this study are from this source,

In addition to the fractionation process
stable isotope values observed in precipitation

the relationship of oxygen in waters to ox)

equilibrium with these waters must be considered|

from water under isotopic equilibrium condit

average temperature of ground water at the INEL,

]

are very dependent on ¢

ln the condensation of water
mass containing the water
oss a land mass, conditions
occur. In this case the

leaving moisture in the air

In a gross simplification,

source and at the coldest

otopes.

tion factors, like chemical
emperature. This is what

rature indicators.

a compendium of available
interest. The fractionation

unless noted otherwise.

which is used to explain the
and ground-water samples,
rgen in minerals formed in

When CaCO3 precipitates
ions at 6 oC (279 oK), the

the fractionation factor is

1.03279 or 32.79 °/oo.

Then, if the oxygen isotpope content of the carbonate

and the temperature (6 oC) are known, the isotopic composition of the water

with which it was in equilibrium at the time of

Similar calculations can be made for clay minera

For carbon isotope fractionation in the car|
calculations are needed, data presented by De]

(1974) will be utilized. Where
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formation can be determined.

ls.

bonate system, where precise

lnes, Langmuir, and Harmon



K, . ,
co,
Rico
K, - . ,
co,
Rcoéz
K, = , and
2 R
co,
RCaco3
K3 = s and
R :]
co,
. 106
1000 1n K, = 0.91 + 0.0063 =°_,
2
T
10°
1000 1n K, = -4.54 + 1.099 =°
2
10®
1000 1n K, = -3.4 +0.879 7~ , and
2
T
10°
1000 1n K, = 3.63 + 1.194 0
_ 2

where T is in degrees Kelvin (oK).

The isotope geochemistry of clay minerals has been studied by Savin
(1967), Savin and Epstein (1970), Lawrence (1970) and O'Neil and Kharaka
(1976) to mention a few. These studies lead to the conclusion that clay
minerals formed in equilibrium with waters under sedimentary conditions
maintain their isotopic composition in a low-temperature environment (less
than 100 oC). At 100 oC hydrogen exchange has been noted in clays. The
exchange rate for smectites (montmorillonite) is 3 to 5 times that for
illite and kaolinite (0'Neil and Kharaka, 1976). b'Neil and Kharaka (1976)
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further state that clays formed by surficial

weathering will not evidence

post-formation exchange of hydrogen unless the isotopic composition of

meteoric waters changed radically and that except possibly for smectite

minerals, oxygen isotope exchange is negligible.
James and Baker (1976) at 22 oC utilizing illf

tope exchange is a function of the accessibility

Their study and a study by
te indicate that oxygen iso-

of water to the interlayer

positions. This suggests that interlayer illite/smectite and smectite

minerals will be much more susceptible to oxygen exchange than well-

crystalized illites or kaolinites. Under sedime

occurs it is unlikely to achieve equilibrium unl

structural changes occur (James and Baker, 1976).

Savin (1967) reports fractionation fact
follows:

ntary conditions if exchange

ess significant chemical and

ors for clay minerals as

Fractionation factors between clay miner#ls and water at 25 oC

oxX hy

Mineral aclay-H20 aclay-HZO A B
Kaolinite 1.0265 0.970 -220
Montmorillonite 1.0273 0.938 -260

10.0012 +0.007
Glauconite 1.0263 0.926 7.2 -250
Illite - 1.029 0.97
Chlorite 1.022 0.85
Gibbsitel 1.018 0.984 7.7 -155

1Frorﬁ Lawrence (1970).

The relationship between hydrogen and gxygen in clays formed under

equilibrium conditions with meteoric waters is o

6D = A 6180 + B.

f the form

The D-180 relationships for the various mineral phases determined by

Savin (1967) are:

Montmorillonite 6D

7

Kaolinite 6D = 7
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Glauconite sD = 7.2 6180 - 250, and
Gibbsite sD = 7.7 6180 - 155,

Gibbsite determination from Lawrence (1970).

Redox reactions cause the most significant isotope fractionations. The
fractionation factor for COZ-CH4 formed in equilibrium at 25 oC is
1.070 o/oo with the CO2 enriched and the CH4

observed redox fractionation reactions are assisted by microbial reduction.

depleted in 13C. Usually most

Uncatalyzed chemical reduction does occur, but usually with very slow
reaction rates. The presence of micro-organisms in the system may

significantly enhance the reaction.

One biochemical fractionation process worth mentioning involves the
fixation of 002 during photorespiration. The common Calvin Cycle (C-3
pathway) plants fractionate atmospheric 002 (8130 value of -7 o/oo) by
utilizing the depleted co, in the plant structure (6130 of approximately
-25 o/oo). Some plants grown in stressed environments, such as deserts,
salt marshes, and the tropics, are more efficient users of CO2 and do not
fractionate the carbon nearly as much. These plants are not as selective of
the mass of the CO2 molecule incorporated into the structure and the overall
plant is more enriched in 130. These plants utilize the Hatch-Slack or C-4

pathway of carbon fixation and have 6130 values as heavy as -12 o/oo.

PALEOTEMPERATURE DETERMINATIONS

Because fractionation factors among various mineral phases and water
are all temperature dependent, it is possible to calculate the temperature
of the solution from which a mineral precipitated if the isotopic
composition of the water is known, assuming isotopic equilibrium, or to
calculate the isotopic composition of the water, if the isotopic composition
of the mineral is known, and temperature is assumed. .This process can be
utilized to attempt to determine the paleoclimatic environment of an area by

making well-defined assumptions.
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By taking the oxygen-isotope compositi
minerals developed in the sediment horizons it m
estimate of the oxygen-isotope composition o
material precipitated. Likewise, by taking the ¢
of secondary silica observed it may be possibl]
composition of the water. If it is felt
precipitated at about the same time, it may then

the environment of formation of the secondary mirg

X-RAY ANALYSES

Sample preparations to yield less than 1 pm
analysis and for the clay oxygen-18 analysis ¥

procedures established fy Janet Hoffman (oral co

on of secondary carbonate
ay be possible to make an
f the water from which that
xygen-isotope composition
e to calculate the isotopic
that these two minerals
1 be possible to cross-check

lerals.

fraction utilized for X-ray
yere conducted by the set of

mmun., 1976) for the U.S.

Geological Survey'’s mineral-water interaction laboratory located at Reston,

Virginia. The X-ray slides of the less than 1

Norelco X-ray Diffractometer using CuK radiati

minerals was determined using techniques des
Approximations of the percent expandable layers
smectite (I/S), clays were determined using tech
(1970).
glycol, and heated to 350 oC for half an hour.

ISOTOPE ANALYSES

Clay samples for isotope analysis were se
previous section and the oxXxygen extracted util
equipment by R.0. Rye in the U.S. Geological Sury
Denver, using the techniques of Clayton and Mays¢

extracted was converted to CO, and analyzed

2
spectrometer by C.T. Rightmire in the U.S. Ged

located at Reston, Virginia.

80

+

Oriented samples were run untreated, saturated with ethylene

pm material were run on a
on. The percentage of clay
cribed by Schultz (1964).

in the mixed layer, illite-

iques of Reynolds and Hower

parated as described in a
lizing bromine pentafluoride
vey's laboratory located at
rda (1963).

8O content by mass

The oxygen thus
for

»logical Survey'’s laboratory




The carbonate samples were prepared by reacting the solid carbonate
with 100 percent phosphoric acid (McCrea, 1950). The 002 thus liberated was
analyzed for 13C and 180.

Water samples were analyzed in the laboratory of L. Merlivat, Centre

d'Etudes Nuclaires de Saclay, Gif-Sur-Yvette, France, for both D and 180

analyses.

SUMMARY

This report describes the cored material and subpit sedimentary
samples, and documents the sample preparation and analytical techniques used
to characterize the hydrogeologic and geochemical environment of the
unsaturated zone at the Radioactive Waste Management Complex, Idaho National
Engineering Laboratory, on the eastern Snake River Plain in southeastern
Idaho. This characterization is needed to develop a conceptual model of the
hydrogeochemical environment of the shallow unsaturated zone, and to
determine how changes in that environment may influence the mobility and
migration of waste radionuclides buried in pits and trenches at the facility

between the early 1950's and the early 1970's.

Visual and optical inspections of cored material collected from 8 wells
drilled during a 1976-1977 drilling program, along with subpit sedimentary
samples, provided the needed hydrogeologic data. A sequence of at least 13
basalt flows or flow units and 3 interflow sedimentary beds have been
identified between land surface and about 183 m in boreholes drilled at the
RWMC. The 3 interflow sedimentary beds were observed at depths of 9, 34,
and 73 meters. These sedimentary deposits are composed largely of fine

sand, silt, and clay.

Sample preparation and analytical techniques were required that would
provide the needed information on geochemical characteristics of the
unsaturated zone. Analytical procedures were established following an
intensive literature search and information was collected on the following

topics: Geochemical use of stable isotope data; Standards and § notation;
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Fractionation factors;

‘determinations; X-ray analyses; and Isotope anal)
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OFR 87-246 Geologic Data Collected and Analytical Procedures Used
During a Geochemical Investigation of the Unsaturated
Zone, Radioactive Waste Management Complex, Idaho
National Engineering Laboratory, Idaho, by C.T.
Rightmire and B.D. Lewis :

ERRATA
Page 64, last paragraph, after last line add...

of deposition of the 3& -m sedlmentary 1nterbed the locations of
- wells 76-4 e : -



