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Gaption
Map showing location of cores discussed in this report.
Location of samples taken from DC2, DC6 and DHS.

DC6 2695 S2 20X. Vesicle lined with botryoidal cris-

tobalite/quartz containing clinoptilolite rosettes formed

on top of the silica (see also DC6 2695 S2, Figure 13).

DC6 2695 S2 600X. Higher magnification showing

layering sequence. The initial clay is massive with a
rosette-like surface. Following this is a botryoidal
cristobalite/quartz iayer whose surface 1s composed

of 1 mm octahedra, Tabular clinoptilolite crystals
overlie the silica.

DCE 3538 S4 200X. Sample showing intergrowth of

tabular clinoptilolite crystals and rosette-like clay
spheres. Larger spherical aggregates of octahedrons
are silica.

DC6 2989 S3 200X. Sample showing three generations of

smectite distinguished by morphology as well as by
chemical composition. Initial layer has desiccation
cracks; second layer is massive. Final layer consists of
particulate clays possessing a wide range of composition.

DC6 3387 S2 20X. Sawple showing 600 um spheres and

protrusions of quartz/cristobalite/tridymite. A small
amount of climoptiloiite 1s present in cracks between
spheres, The fibrovs clump is probably mordenite.

DC6 3387 S52 125X. Higher magnification showing

interior of silica sphere. HNodules witht:in the sphere
are smectite deposited during growth of the silica.

DHS 2831 S2 20X. Sample with circular holes due either

to dissolution or to simultaneous crystallization of
gypsum with some other mineral possibly lost during
sampling procedure, The vesicle is mainly filled with
gypsum laths (see DH5 2831 S4B and DHS 2831 S5, Figure 5).

pC6 3089 S§3 500X, Sample s™owing dissolution of

silica followed by precipitation of smectite or simul-

taneous crystallization of the two phases. Larger
spheres are cristobalite/tridymite/quartz and smaller
(6 um) spheres are smectite. The tabular crystals are
clinoptilolite and the fibers are probably mordenite.
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Caption

DC2 3264 S3A 200X. Sample showing extensive dissolu-
tion of silica spheres.

DC6 3387 S1 2000X. Etched crystals of climoptilolite.
4 m fibrous spheroids are silica, and the blocky
crystal near the center is contamination from the
sampling procedure.

DHS 2831 S4B 2000X. Sampling showing possible dissolu-—
tion of gypsum laths, Note the rounded crystal edges
and small pits.

DH5 2831 S85. Typical EDS analysis of gypsum.

DC6 2464 S4 500X. Clusters of tabular Fe-illite

(celadonite).
DC6 2464 S4. Typical EDS analysis of Fe—illite.

DC6 3038 S2. Typical EDS analysis of smectite. Amounts
of Ca, K, Mg, and Fe are variable from sample to sample.

DC6 2989 51 200X. ‘ﬁottyoidal smectite with desicca-
tion cracks together with smectite spheres having the
same compositicn.

DC6 3387 S5 200X. Sample showing a clump of particu-
late clay. Tabular clinoptilolite crystals are
intergrown with botryoidal smectite.

DC6 3387 S5 5000X. High magniricaticn of the particulate
clay previously shown. Its EDS anaylsis is similar to
the Fe-illite of sample DC6 2464 S4&, Figure 6.

DC6 2190 S1 1000X Network of clay flakes which may be
either smectite or illite.

DC2 2803 S51B 200X. Tubes of clay; the blocky crystal
at the right is clinoptilolite.

DCZ 2803 S1B 5000X. High magnification of clay tubes.
Note the tubes are couposed of aggregates of flakes.

DC2 2319 S2 500X. Botryoidal clay layer with desicca-
tion cracks and clay tubes having same composition.

DH5 2620 S5C 200X. Sample showing ciay tubes consist-
ing of interconnecting spheres. Intergrown with the
clay are tabular clinoptilolite crystals.
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Caption

DC6 4204 S4 500X. Sample showing clay flakes with an
overlying layer of euhedral silica, probably quartz.

DC6 4204 S4 2200X. High magnification of clay flakes
shown in previous picture. Euhedral crystals are
probably quartz.

DHS 2643 S2A 100X. Sample showing botryoidal clay
with desiccation cracks.,

DC2 2632 S3E 500X. Sample showing spherical aggregates
of silica crystals., Massive material is clay and
flaky crystals are clinoptilolite.

DCZ 2632 S3E 2000X. High magnification of silica
sphere shown in previous figure. 3 um octahedra are
probably cristobalite.

DC6 2464 S3 100X. Trigonal crystals of quartz overlain
with Fe-illite particles.

DC6 290B S4 5000X. Clusters of fusiform a-quartz.

DC6 3387 S1 20X. Sample showing fibrous wass of
silica at upper left. Large mass of intergrown
crystals at bottom is quartz/cristobalite. The
vesicle lining consists of smectite, clinoptilolite
and silica.

DC6 3387 S! 500X. Higher magnification of fibkrous
silica shown in previous picture.

DC6 3538 S1 20X. Sample showing quartz/cristobalite
with a tubular structure.

DC6 3538 S1 500X. Higher magnification of previous
figure showing quartz/cristobalite tubes connected by a
thin film of silica.

DC6 2190 S§3 S00X. Sample saowing botryoidal silica
layer underlain by clay displaying desiccation features.

DH5 2668 S1E 100X. Chains of interconnecting silica
spheces. Particles on the surface are dust from the
sampling procedure.

DC6 3367 S1 30X. Sample showing spheres of silica.
Tabular crystals are clinoptilolite.
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Caption

DC6 3367 S1 5000X. High magnification of one of the
silica spheres shown in previous picture.

DC6 2427 51 20X, Sample showing unusually large climop—
tilolite crystals. The vesicle is lined with three
distinct smectite layers. Particles on the clinoptilo-
lite are dust from the sampling procedure.

DC6 2908 83. Typlcal EDS analysis of clinoptilolite. For
assoclated minerals see DC6 2908 S3, Figure 16, Clinop-
tilolite morphology can also be seen im DC6 3387 S5,
Figure 7 and DC6 3367 S1, Figure 12.

DC6 2695 $2 200X. Clinoptilrlite rosettes on a surface

of cristohalite?quartz octahedra.

DC6 3609 S3 20X. Sample showing a fibrous clump of
mordenite.

DC6 3609 53. Tyr.cal EDS analysis of mordenite.
DC% 3609 S3 5500X. High magnification of mordenite fibers
shown above. Particle is an unknown, Mg-rich mineral

shown in DC6é 3609 S3, Figure 18.

DC6 3267 3i 100X. Fibrous clump tentatively identified
as mordenite. Tabular crystals are clinoptilolite.

DC6 3267 Sl. EDS analysis of fibers shown above. Note simi-
larity to mordenite composition shown in Figure 14,

DC6 3267 S1 2000X, High magnification of above fibers.

DC6 2908 S3 20X. Sample showing clay (white edge) covered
with thin layer of a—quartz and tabular clinoptilolite
crystals.

DC6 2908 S3 200X. Higher magnificatinn of previous picture
showing crystailization sequence. Initial clay, at bottom,
is dark-colored with desiccatlon cracks. It has pulled
away from the lighter-colored second clay layer. The sur-
face of the second clay is covered by a thimn layer of
a~quartz which is followed by clinoptilolite. Particles
are mostly dust from sampling.

DC6 2908 S3 500X. Higher magnification of clinoptilolite.
Euhedral cluster at top is an unidentified potassium
aluminum silicate (DC6 2908 S3, Figure 20), Other particles
are dust.
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Caption

DC6 2908 S3 4500X. Disc-shaped clusters of fusifora

a~quartz.

DC6 2908 S5 100X. This sample occurs 0.5 mm away froam

DC6 2908 S3 (Figure 16). The initial clay is light-

colored and massive., This is followed by a thin layer
of botryoidal clay.

DC6 2908 S5 500X. Higher magnification image of the

previous plcture showing the second clay composed of
coalesced spheres of ciay flakes. Particles are
dust.

DC6 3688 S1 (v-f) 100X. Sample showing unidentified

euhedral Ca-rich crystals from a vug connected to a

wide fracture. Spheres are smectite and silica. Numerous
particles are smectite. Dark area of closely packed
fibers at upper right is probably mordenite.

DC6 3688 Sl. EDS analysis of unidentified Ca-rich mineral

shown in previous picture.

DHS 2691 S1 (f) 1000X. Sample showing an unidentified

fibrous mineral in small clay cavity within a fracture.

DH5 2691 Sl. EDS analysis of above unidentified fibrous

mineral.

DC6 3609 S3. EDS analysis of unidentified miveral in

following picture.

DC6 3609 S3 5000X. Unidentified Mg-rich particles on

mordenite fibers (see also DC6 3609 S3, Figure 14).

DC6 2156 51 20X. Sample showing unidentified blocky

crystals outlined in white, and clinoptilolite.

DC6 2156 Sl. EDS analysis of unknown mineral shown in

above figure.

DC6 2156 S1 500X. Higher magnification showing dissolu-

tion of an unknown mineral.

DC6 2908 s3 5000X. Sample showing unknown euhedreal crystals

on clinoptilolite. Also see DC6 2908 S3, Figure 16.

DC6 2908 S3. EDS analsyls of unknown mineral shown in

previous picture.

DC6 2989 S6. EDS analsyis of unknown mineral in following

pizture.
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Caption

DC6 2989 S6 5000X. Flattened spheroids ot an unknown
Ti-rich mineral on massive smectite.

DC2 2206 S3 5000X. Sphercids of an unknown mineral on
clil.opt:lolite.

DCZ 2206 S3. EDS analysis of unknown mineral showm in
przvious picture.

DC2 2359 S2B. EDS analysis of splintery layer shown in
following picture.

DC2 2359 S2B 1000X. Sample showing unidentified splintery

. layer followed by a clay displaying desication features,

clay chains, and clinoptilolite.

DC6 3421 S3 20X. Sample showing needles of unknown
mineral (probably apatite), spheres of tridymite,
dehydrated clay and clinoptiloiite.

DC6_3421 S3. EDS analysis of needle—like mineral shown in
above figure. Vertical white lines mark the location
of the phosphorus Ka and K8 peaks.

DC6 3421 S3 1000X. High magnification of apatite (?)
needles showing their hexagonal shape and coating of
clay.

X-ray diffraction patterne of commonly-occurring
minerals.

Vertical distribution of secondary minerals in DC2, DC6,
DH4, DH5, DDH1, and DDH3. Data on which this diagram
is based came from x-ray diffraction studies. Reversed
brackets at top and bottom of a core indicate the

depth interval studied. Data on DH4, DHS5, DOHl and
DDH3 from Ames (1976).

Sodium volatilization from clinoptilolite. A beam
diameter of 10 um was employed.

Sodium volatilization from clinoptilolite. Several
spots on a siingle crystal were analyzed for pericds

of 4, 10, and 20 seconds. Each time group was averaged.
The triangle indicates the mean of each analysis set
and the vertical line one standatrd deviation.
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Caption

Photomicrographs of EMP sections. Clay analyses are
represented by ADDOVOGB VA zeolite by ¢ ¢ wx ¢ 8 Q;
plagloclase by P; iron-oxide by F; and glas: by G.
Analyses of unkuown minerals which are altering to clay
are shown by (O; glass altering to clay by * ; pyrotene
to clay by & ; and plagiuvilises 25 ~133 by o . In most
cases the alteration is incomplete.

Changes in composition across single generations of
clev from vesicles in DC6. Note that the namber
circled on the abscissa represents the mmber of
generations and the barred vertical line represents
one standard deviation. A relative distance scale has
heen used instead of an absolute 3cale since data from
several points in the same general rrea have been
averaged together and the results plotted. The
distance 1s relative to che primary rock-secondary
mineral interface.

Changes In couposition across single genperations of
clinoptilolite from fractures and vesicle of DC2, 0X6,

and DHé,

Changes in composition across multiple generations of
clay taken from different points of a single fraciure.

Changes {n composition across multiple generations of
clay taken from ditferent vesicles at the same depth.
Note that sample DC2 2319 C has only twy generations of
clay and that the cecond generation was wide enough o
permit three sets of analyses to be made.

Changes in compositi un across multiple generations of
clay from fractures and vesicles of DC2 and 6. The “Z~
shown on figures 59 and 60 indicates the prescnce of a
zeolite generation be-'xen clay generations.

Histograns of rzeolite compositions. Data from fi-st and
second generations have been combired. Data from spherical
zeolites have been excluded.

Histograms of compositions of first generation clays lining
fractures. Data ca greem clays hav: bL2en excluded.

Histograms of compositicns of first generation clays tining
vesicles. Data on green clays have been excluded.
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Caption

Histograms of compositions of all clays formed prior to the
deposition of zeolite or silica. Data for fractures and
vesicles have been combiuned. Data for clays with KH/natsa
have been excluded.

Histograms of plagioclase compositions.

Histograms of clinopyroxene compositions.

Relative molar percentages of exchange ions im zeolites from
DC2 and DC6. Arrow in direction of increasing depth.

Histogram of molar S1/Al ratios in zeolites from DCZ and DC6.

Zeolite oxide compositions from DC2 and DC6 displayed as a
function of depth.

Clay oxide compositions as a function of depth in DC2 and
DC6.

Exchange ion ratios in zeolites of DC6 displayed as a function
of depth.

Bulk rock Fe0 and Si0; compositioms as a fumction of depth in
DC2 and DC6.
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INTRODUCTION

In Part I of this report the results of Task III are presented and
discussed. The subject of Task 111 is the study and identification of
secondary and primary mineral assemblages in basalts of the Pasco Basin of
southeastern Washington. In particular, we have determined the relative

amounts, crystallization seq e, and compositions of secondary minerals

found lining vesicle and fracture surfaces. This information, together with
data on the chemical composition of primary minerals and the extent to which
they have undergone dissolution, has been used In theoretical simulations of

mass transfer which is the subject of Part II (Task IV) of this report.

SAMPLING PROCEDURES

Samples were obtsined from four drill cores (DC2, DC6, DH4, DH5). Figure
1 shows the locations of these cores. Most of the samples are representative
of an interval of core possessing a similar style of alteration. Figure 2
shows the vertical distribution of samples in DCZ, DC6, and DHS. Data from
DH4 has not been displayed since it comsists solely of electron microprobe
(EMP} results from a few closely spaced samples.

In DC6 similar appearing vesicles from the same depth were sampled for
both x-ray diffraction (KRD) and scanning electron microscopy (SEM) studies.
This precedure had not been implemented in the earlier stages of the study
(fiscal years 1977 and 1978). It was adopted in order to allow more exacting
comparisons of XRD and SEM data. Electron microprobe samples were taken from
locations near SEM and XRD sampling sites. Additional samples were taken

rrom uraltered regions of core for EMP analysis of feldspars and clinopyroxenes.



XRD and SEM samples have been labeled with an alphanumeric designation
indicating the core number, the dcpth of the sample, the type of analysis
(X = XRD, S = SEM), and the type of sample (v = vesicle, f = fracture). For
example, DC6 2407 X1 (v) is a vesicular sample from a depth of 2407 ft

in DC6 used for XRD analysis. The 1 in X1 refers to the sample numier.

SCANNING ELECTRON MICROSCOPY (SEM)

Procedures

Samples approximately 1 cm in diameter were epoxied onto aluminum studs
and gold coated. The samples were examined with an AMR 1000A scanning electron
microscope equipped with an energy dispersive spectrometer (EDS). An accele-~
rating potential of 20 kV was employed. Some 147 samples from DC2, DC6, and
DH5 were studied; 85% of these samples came from vesicles.

Identification of individual phases was often made by coupling crystal
morphology observed with the SEM with the EDS compositional data. For example,
the smectite nontronite can be readily distinguished from the zeolite clinop-
tilolite, since the smectite contains abundant iron (clinoptilolite contains
no iron) and has a fine-grained habit. Both Mumpton and Ormsby's (1978) and
Sheppard's (1976) excellent tabulations of zeolite crystal morphologies proved
useful.

In certain cases XRD was used to assoclate a particular crystal habit
with a mineral. For example, a fibrous mineral with no detectable iron was
observed in several samples taken from depthbs in excess of 900 m. X-ray
diffraction of this material showed it to be the zeolite mordenite.

The presence or absence of a pure silica phase can be readily determined
with energy dispersive spectroscopy (EDS); however, determination of the exact

polymorph (quartz, opal, cristobalite, or tridymite) is more difficult. Crystal
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morphology can be of some help, i.e., cristobalite oftem occurs in nature as
octahedral crystals and quartz in hexagonal or trigonal forms (Klasik, 19753
Deer et al., 1963). However, our XRD studies have indicated more than omne
silica phase present in samples possessing a single crystal hahit. The reason
for this is not clear; it could be that one morphologically cistinet silica
phase has simply overgrown another or that one metastable phase is in the
process of inverting to a more stable form without change in crystal habit.
Results

Crystal morphology. A varlety of crystal morphologies for each of the
mineral phases have been identified with the SEM. Figures 6 through 9 fllus-
trate the varlous forms of clays. Silica alao occurs in maay forms as shown in
Figures 10 through 12. Clinoptilolite occurs as intergrown, blocky or tabular
crystals (Figure 13), and mordenite occurs as fibrous bundles (Figures 14 and
15). Although trivial in terms of mass, there are a number of last—formed
minerals which remain unidentified. Examples of such minerals are illustrated
in Figures 17 through 22.

Crystallization sequences. Examples of vesicles coated with successive

generations of mineral phases are shown in Figures 3 and 4. The apparent
intergrowth of different mineral phases in vesicles 1s also depicted in
Figures 3 and 4. In many instances it is extremely difficult to determine
with the SEM whether two phases grew together or sequentially. Sample DC6
3387 S2 (Figure %) is an example of the intergrowth of clay and silica.
Intergrowth occurred during only a portion of the time silica was being
deposited. Sample DC6 3538 S4 (Figure 3) is a sample where intergrowth may
have occurred or, alternatively, clinoptilolite could have formed first
followed by the deposition of clay. In table 1 "~" refers to a situation

where we cannot positively determine that two phases were sequentially
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deposited. Data from thin section petrography has helped to resolve this
problem (see below).

Crystallization sequences deduced from SEM/EDS observations are snown in
Tavle 1. We examined 123 vesicles in DC2, DC6, and DH5. In 18 of the
vesicies the first two or three "layers” of precipitate appear intergrown.
in the 105 remaining vesicles, the first layet consists of some ferm of clay
74 times, clinoptilolite 17 zimes, and some form of silica 14 times. Ninety-
seven of the vesicles possess two or more layers, There are 66 second layers
not intergrown with first or third layers. Of these layers, 23 are clay, 24
are clinoptilolite, and 14 are silica. There are 30 vesicles in which the
third layer 1is not intergrown with either second or fourth layers. In these
vesicles the third layer is composed of clay 1l times, clinoptilolite three
times, and silica 12 times. There are 1l vesicles which possess a fourth
layer not intergrown with either a third or fifth layer. Seven of the
fourtn layers consist of clay, one of clinoptilolite, one of silica, and two
of a fibrous mineral identified as mordenite. Fourteen samples possess
intergrown first and second layers; and in these samples, clay is present 8
times, clinoptilolite 12 times, and silica 6 times.

The data show that clay minerals dominate the first— and last-formed
layers and are common constituents of the recond and third layers. C!inoptilo-
lite is the most common second-layer mineral and silica is the mr_._ common
third-layer mineral.

Mineralogical irends with depth. Clinoptilolite, clay, and silica occur

throughout the depth intervals examined in DC2, DC5, and DH5. A fibrous
rivcral identified as mordenite occurs in six of the depths studied below
940 m in DCb. Ilordenite was also identified in two of the three deepest

samples taken from DC2.



Relative abundances of secondary minerals. Table 2 shows estimated

relative volumes of secondary minerals in vesicles of DC2, DC6, and DH5.
Volume percents were determined independently "by eye” by three individuals.
wWhen the individual estimates did not agree within a few percent, the
individuals. went over the SEM photomicrograph together. Often the difference
was found to be due to a misunderstanding as to the identity of the phase.
The group then agreed on an estimate or averaged the individual results 1if
agreenent could not be obtained. In any case the data should be considered
in a qualicative sense only. The data do not reveal any definite trends
with depth. 1n addition, different vesicles from the same depth were found
to contain significant)y different relative amounts of secondary minerals.
Tne data suggest that clay and clinoptilolite are about equally abundant.
Bilica is not nearly as abundant as either of these two phases.

Evidence of dissolution. Several vesicles possess secondary minerals

which have undergone dissolution: DC2 3264 S3A (silica), DHS 2831 S2 (gypsum),
pCo 2156 81 (unknown), DCHb 2908 S4 (clinopiilolite), DC6 3387 S1 (clinoptilo-~
lite), and DCb 3387 S6é (clinoptilolite). Several examples of mineral dissolu-
tion are illustrated in Figures 4 and 5. Also 1llustrated in Figure 4 are
silica spheres (DC6 3089 S3) which possess circular depressions — some of
which are filled with clay spheres. This texture 1s probably formed by inter-
growth of silica and clsy, but may also have formed by dissolution of the
silica followed by precipitation of the clay.

viscussion of SEM/EDAX Results

Three types of minerals, clay (smectite or iron-rich illite), zeolite
clinoptilolite), and silica (quartz, cristobalite, tridymite, or opal),
dominate sacondary mineral assemblages. These minerals appear not to have

always formed in the same sequence although the most common sequence appears
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to be clay, clinoptilolite, silica and clay. Different vesicles at the same
depth often record different portionc of the common sequence. For example DC6
2908 S3 contains five layers of precipita’': - two layers of clay followed in
order by quartz, clinoptilolite and a pot sium aluminum silicate. DC6 2908
S5 contains only the clay layers (Figs. 16 and 17; Table 1). Infrequently,
different vesicles at the same depth record different sequences of events.

For example in DH5 2620, two vesicles contain clay followed by clinoptilolite;
the reverse sequence was noted in three other vesicles (Table 1).

The cnly observed depth zonation was the appearance of the zeolite morde-
nite at 902 m in DC2 and 940 m in DC6. These samples are from the upper part
of the Umtanum unit of the Grande Ronde Basalt Formation. In DC6 the appear-
ance of mordenite correlates roughly with the dissolution of clincoptilolite,
suggesting that clinoptilolite may be unstable with respect to mordenite
below depths of approximately 900 m.

In samples DC6 4204 S1 and S4 quartz in the form of hexagonal dipyramids was
identified. This is the sole occurrence of this morphology and suggests that

silica of deposition under conditions of elevated temperature was not common.

X-RAY DIFFRACTION (XRD) STUDIES

Procedures

Samples were scraped from vesicles and fractures, ground to very fine
powders and mixed with a silicon standard. The powders were mixed with a
water— or balsam—xylene mixture arud applied to glass slides. Anaylsis was
done with a Norelco diffractometer equipped with a Ni-filtered CuKa radiation
source and a graphite monochromator. X-ray diffraction patterns were indexed
using data compiled by the American Society for Testing Materials (ASTM), and

diffraction patterns of natural zeolite and clay reference materials. Relative
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mineral abundances were estimated by approximating the integrated area of the
most intense peak of each mineral by its half-width multiplied by its peak
height. Internal intensity standards were not used.

Results

Generalized x-ray diffraction patterns for commonly occurring minerals
are shown in Figure 23. The topmost pattern shows the broad cristobalite and
tridymite reflections, iadication of opal-CT. The next pattern indicates
peaks which can be used to distinguish the two zeolites, clinoptilolite and
mordenite. The two lower patterns in Figure 23 are of smectite and an illite-
like clay (celadonite).

A total of 170 samples (127 vesicles, 37 fractures, 5 breccias, and 1 mas-
sively altered sample) from DC2, DC6, and DH5 were analyzed in this study. The
results of the analyses are given in Table 3. Both vesicle and fracture samples
samples are dominated by clinoptilclite, smectite, and silica. Clinoptilolite
occurs in 80%, smectite in 75Z, quartz in 40Z, cristobalite in 35%, and tridy-
mite in 15% of all samples. The percentage occurrence of these and other
minerals in fracture and vesicles is itemized in Table 4. Nnte that the data
of Ames {1976) have not heen incorporated in this table.

Vesicles exhibit a more complex mineralogical assemblage than fractures.
Other than clinoptilolite, emectite, and silica, the only minerals found in
fractures are illite and pyrite. Vesicles, on the other hand, vere found to
contain minor amounts of a variety of secondary phasez such as erionite,
chabazite, analcime, vermiculice, phillipsite, gypsum, and calecite. Cartain
of these identifications were aided and suported by SEM/EDS studies.

The distribution of secondary minerals in vesicles and fractures with

depth is shown in Figure 24, Data on DDH1, DDH3, DH4, and DH5 from Ames
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(1976) have been included with data on DC2 and DC6 from this study. It
should be noted that significant percentages of quartz, illite, and smectite
from the upper 300 m of DDH1, DDH3, DH4, and DHS are associated with detrital
sediments and are not authigenic. The following observations pertain omnly

to authigenic minerals.

Distribution of smectite. This category includes minerals that Ames

(1976) identified as montmorillonites, nontronites and beidellite:. Smectite
occurs throughout all depths in all cores. However, 1t appears to be less
common in samples from dupths greater than 600 m. The decrease in abundance
may be an artifact of preferential sampling or it may be a result of masking
by more abundant secondary phases.

Distribution of celadonite. Celadonite has an extremely patchy

occurrence. For instance, celadonite was found in a single sample from DC2
while several samples in DC6 were found to contain celadonite.

Distribution of silica. Quartz occurs throughout all cores. Opal was

noted in four of the six cores studied and is most abundant at depths in
excess of 450 m. Gver the depth interval of 600 to 1000 m, opal occcurs more
frequently than quartz in DH4 and DH5. Cristobalite is the dominant silica
mineral in the same depth interval in DC2 and DDH3.

Distributicn of clinoptilolite. Clinoptilolite occurs only in samples

from depths in excess of 370 w. Below this depth it occurs throughout all

core intervals studied.

Distribution of mordenite. Mordenite occurs infrequently and only at

depths 1in excess of 880 m.

Distribution of calcite. Calcite occurs over two depth interval., 0 tc

350 m and 975 m to core bottom.



Discussion of XRD Results

Mineral zonaticn with depth is apparent but is not a striking feature.
Clinoptilolite first appears at about 370 m and mordenite at about 880 m,
whereas calcite occurs in both the upper and lower thirds of the depths
studied. Silica and smectite are ubiquitous and illite has an extremely
patchy aistribution. A change with depth in the type of silica phase is

not apparent in the two cores extemsively studied by this group.

ELECTRON MICROPROBE (EMP) STUDIES

Procedures

Polished thin sections were analyzed with an ARL-SEMQ electron microprobe.
The elements potassium, sodium, calcium, magnesium, barium, ironm, aluminum
and silicon were monitored simultaneously using an electron beam voltage of I5
kV and a sample current of 0.012 pAmp. A defocused beam (10 to 30 um) was
used to minimize volatilization of the lighter elements. Various standards
were used including quartz (47), clinopyroxene (55) anorthoclase (54),
synthetic anorthite (32), biotite (3) orthoclase (5%9) and bytownite (65). The
number in parentheses refers to the University of California/Berkeley mineral
number., The Bence-Albee correction method was used for data reduction. For
the zeolite analyses, water was determined by difference. For the clay anal-
yses water was assumed to be present in the ratio one water to eleven oxygens,
i.e., MOjg(OH), where M refers to metal iops.

A volatilization study was performed in which each element of interest
was monitored as a function of time for both clay and zeolite. Count integra-
tion time was 1.5 seconds. A beam voltage of 15 kV and a sample current of
0.012 yaAmp were used. Only sodium in clinoptilolite appeared to volatilize

(Figure 25); note that sodium loss appears significant only at times greater



than ten seconds. To test the effect of volatilization on the accuracy of the
analyses, a second study was performed in which several zeolite crystals were
aralyzed for 4, 10, and 20 second intervals. The results of this study (Figure
26) iudicate that sodium often decreases between 4 and 10 second run times (7 out
of 10 times) but not between 10 and 20 second run times (3 out of 10 times).
Complete analyses made within the 4 seconrd period commonly result in totals in
excess of 90 weight percent exclusive of water. These totals are high as

water has been shown to comronly make up 12 to 16 percent of the total weight
(Boles, 1972). We have therefore elected to use the 10 and 20 second data
recognizing that significant sodium loss may have occurred during there runms.
The data thus obtained should be viewed as yielding good but not necessarily
precise estimates of zeolite composition.

Results and Discussion

The results of the EMP analyses of zeolites, clays, plagioclase feldspars
and clin.pyroxenes are given in Tables 5 thzough 8. Photomicrographs showing
the locations of the EMP analyses are shown in Figures 27 through 50. The
different symbols for clay analyses usually represent different genmerations
(layers) of clay. However, for zeolites a different symbol often indicates
no more than a different region on a relatively large single erystal.

Traverses. Electron microprobe traverses, made across vesicles and frac—
tures containing single or multiple generations of clay or zeolite, are illus~
trated in Figures 51 through 60. The following observations were made:

(1) Thick single generations of clay in both fractures and vesicles

appear chemically homogeneous (Figure 51).

(2) Thick single generations of clinoprilolite in fractures and vesicles

are somewhat heterogeneous (Figures 52-54). However, composition does not
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appear to vary im any simple manner with distance from the vesicle or
fracture wall.

(3) In single vesicles and fractures having multiple generations of clay
or clinoptilolite, composition often changes significantly from generation
to generation (Figures 55-60).

(4) Multiple generations of clay from nearby fractures appear to exhibit
similar patterns of compositional variatioms from one generation to the
next (Figure 55).

{5) Multiple generations of clay from nearby vesicles also appear to
exhibit similar compositional variations from one generation to the next
(Figure 56).

(6) There are considerable differences between the compositions of indi-
vidual generations of clay from either vesicle or fracture samples (Figures
57-60). No overall systematic trend in composition as a function of dis-
tance (generation) from vesicle or fracture walls has been found to exist.

Statistical calculations. Simple statistical calculations were done

to determine the compositional nature of individual generations of clay and
zeolite. Zeolite analyses were rejected when they indicated more than 0.3
wt. % Mg0 or more than 0.25 wt. % Fezo3 or whose totals (exclusive of water)
were less than 80 wt. %. Clays having calculated stoichiometric waters <7.9
wte % or >3.0 wt. % were also rejected.

Few of the samples examined possess more than a single generation of
zeolite. In addition, mean compositions of first and second generatinn zeolites
do not differ significantly. Therefore, compositional data for both generations
were combined. Histograms of oxide compositions of zeolites from DC2 and DCé

are displayed in Figure 6l. The mean, standard deviation, and sample population

are also glven for each oxide. The distributions of oxides other thaa Ba0 and
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FeZO3 are characteristically multimodal, In addition, the range in composition
of a particular oxide is large.

It was pointed out in a preceding section that vesicles and fractures
commonly possess more than a single generation of clay. Table 9, which shows
the crystallization order of secondary minerals determined from thin section
petrography, documents this fact ‘u greater detail.

Little composirional data were obtained on second generation and later
clays; therefore, the clay data have been displayed in two ways. Oxide
compositions of first generation clays from vesicles and oxide compositions of
first generation clays from fractures are displayed in Figures 62-63. Oxide
compositions of all clays formed prior to the deposition of silica or zeolite
are shown in Figure 64, Data for clays with K"'/Na+ 2 3 have been excluded,
therefore the data represent mainly smectites and not illites.

Observations with respect to the composition of first generation clays
include the following:

(1) Oxide composirional ranges are nearly the same in both fractures

and vesicles.

(2) The Al,O. distribution is very nearly ic<nti:al in both fractures

273

and vesicles.

(3) Most oxide distributions are neither Gaussian nor unimodal.

(4) Certain oxides (e.g., Mgd and Ca0) exhibit different kinds of dis-

tributions for fractures and vesicles.

The oxide distributions of all clays formed before the deposition of
silica or zeolite (Figure 64) bear a close resemblance to the oxide distri-
butions of first generation clays. This is somewhat expected since first

generation clays comprise 35%Z of all fracture clays and 42% of all vesicle

clays analyzed.



Histograms, means, standard deviations and populacion size of MP analyses

of plagioclase feldspars and clinopyr are sh in Figures 5 through 66.

Nature of the zeolite phase. Although the principal zeolit« phase has

been referred to as clinoptilolite, neither the XRD nor the SEM studies are
sufficient to distinguish clinoptilolite from its jeomorphous counterpart
heulandite. Mumpton (1960} proposed a molecular Si:Al ratio of 2.75 to 3.25
for heulandites and 4.25 to 5.25 for clinoptilolites. Mason and Sand (1960)
also suggested that heulandites can be distinguished from clinoptilolites on
the basis of the molar ratio of monovalent to divalent cations, i.e., (Na + K)
> Ca in clinoptilolites. Based on hese criteria the zeolites probed in this
study should be called clinoptilolites since the mean Si:Al ratio is 4.68 and
Cal .ever oxceeds 50% (Figures 68-69).

The compositional distimction between clinoptilolite and heulandite is
somewhat arbitrary. Boles (1972) has shown that “heulandite group™ minerals
possessing intermediate Si:Al ratios exist in pature. In addition, Shepard
and Starkey (1964) have shown that both endmwembers (defined in terms of Si:Al)
can be fully exchanged (Na ~> K -> Ca) at 100°C.

Compositional trends with depth. The oxide compositions of zeolites and

clays as a function of depth in DC2 and DC6 are shown in Figures 69 and 70.
Distinct trends appear to be more a function of tha crystal probed than of
depth. Exchange ion ratios in clinoptilolites of DC6 are displayed as a
function of depth in the data of Figure 71. A definite increase in the
cat*/Na® ratio occurs below 1100 m. This increase is also reflected in the
data of Figure 67.

The compositions of pyroxenes and teldspars analyzed in this study were

not found to v.ry im any systematic manner with depth.
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TRENDS IN BULK ROCK COMPOSITION

Iron and silicon oxide analyses of bulk rock samples from DC2 and DCb are
displayed as a function ot depth in Figure 72. These data are from Ames (1976).
Similar trends wicth depth exist in both cores. Certain abrupt changes in
composition occur at formation interfaces. For instance, the Vantage Sandstone
which separates the Wanapum Basalt Formation from the Grande Ronde RBasalt
Formation occurs at a depth of 656.8 m (2155 ft) in DC6 and at a depth of
624,8 m (2050 ft) in DC2, 5102, A1203 (not shown), and Fe0 show marked chaunges
across this interface., It should .. anoted that the EMP studies were performed
over intervals of DCZ and DC6 in which the vari-bility of bulk rock composition
is small. This unfortunately excludes testing the control of primary mineral

composition on secondary mineral composition.

T3IN SECTION PETROGRAPHY

yrocedures

Fifty-five vesicles and 27 fractures from DC2, DC6, DH4, and DHS5 were
examined in thin section in order to determine crystallization sequences
(Table 9). 1In addition, point counting of the relative amounts of secondary
minerals lining eight fractures im DC6 was accomplished, and a reconraissance
study of all thin sections was made in order to determine if selective dissolu-
tion and raplacement of primary mineral or groundmass had occurred.
Results

Clay was the first mineral to form in 96% of the fractures and in 94% of
the vesicles., Zeolite was the first phase to form the rest of the time, and
the second phase to form in fractures 81% of the time and in vericles 97% of
the time. In samples having a third phase, silica fcllowed clinoptilolite 100%

of the time in fractures and 67% of the time in vesicles. Clay was precipi-
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tated after zeolite in the remaining 33% of the vesicles. Point counting of
secondary minerals in fractures of DC6 showed that clay dominates the aseem—
blage (Table 10).

The thin-section reconnaissance study also indicated that alteration of
primary minerals and groundmass occurred most frequently in the vicinity of
vesicles and fractures. Alteration of groundmass to clay was a pervasive
feature. The alteration of feldspar, clinopyroxene and magnetite has occurred
on a much smaller scale. These observations are similar tc those made by Hay
and Jones (1972) in a study of the weathering of basaltic tephra on the island
of Hawail. It is extremely difficult to quantify the relative degree of
alteration experienced Ly the primary minerals. The overall quantitative
impression is that the iron—bearing phases, clinopyroxene and magnetite,
have experienced a greater degree of alteration than the feldspars.

Discussion of Petrographic Data

The sequence of crystallization can be determined more exactly with thin
section petrography than with SE¥ techniques. Although the SEM yields a
two-dimensional representation of a three-dimensional volume, sampling ofien
precluded observation of the icnermost layers. Or the other hand, a two-dimen-—
sional thin section can be aligned normal to the growth direction of secondary
minerals so that the entire sequence of alteration can be observed. The SEM
data (Table 1) indicate the overall sequence clay -> clinoptilolite -> silica/
clay; however the petrographic data (Table 9) demonstrate conclusively that
this is indeed the general trend. This is not tc say that a certain amount of
intergrowth of minerals has not occurred. The change in the relative amounts
of secondary minerals over very short distances points out the difficulty in
making accurate statements about their abundance. Pryoxenes and groundmass

appear highly altered.
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WET CHEMICAL ANALYSIS OF FRACTURE MATERIALS

Procedures

Mate£i31 was scraped from four fractures in DC6. The samples, which are
predominantly clay, were ground to fine powders and the powders split three
ways. One split was analyzed by XRD, Cation exchange capacities (CEC) using
calcium, ammonia, and potassium were measured on a second split using methods
given in Jackson (1975). Amorphous iron and aluminum extractions were performed
on a third split using ammonium vxalate at pR 4 (Schwertmann, 1964). Extracted
and unextracted splits were subsequently analyzed using atomic adsorption spec-
tropﬁotometry to determine total iron and aluminum. Ferrous iron was determinecd

+
by H,S80,-HF dissolution of the samples followed by titration of Fe2 with

2

KZCrZO7 using diphenylamine sulfonic acid sodium salt as an indicator. The
results of the analyses are given in Table 1l.

Results

The cation exchange capacity (CEC) of DC6 3134 is in the expected range.
The two samples containing clino,tilolite have slightly larger CECs; this may
be due to the higher CEC of clinoptilolite (~ 2 meq x g_l).

The change in A1203 upon processing 1s generally not significant. All
samples were frund to contain a significant amount of iron in the ferrous s.: ‘e.
A significant amount of extractable iron was present in all samples.

Discussion of Wet Chemical Data

It appears that iron in the clays is in both ferrous and ferric forms.
This must be taken into account in the caleculation of clay structural formulas.
The presence of easily extractable iron indicates that the clays are contami-
nated with iron oxyhydroxides; this too must be taken into account in clay
mineral structural formulations. The ratio of oxidatijon states indicated by

thes> data should be considered in a qualitative sense only when setting the
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Fe2+/Fe3+ ratio of Hanford clays. The samples are obviously contaminated with
other iron-bearing phases and are not necessarily representative of vesicle-
or other fracture~filling clays. This also implies that an iron-rich phase
such as hematite or goethite should be included as a potential product

mineral in equilibrium-step mass~transfer simulations. No evidence for the
presence of significant amounts of aluminum oxyl:ydroxides was found. The
presence of extracta~le silica was not tested due to small sample size.
lowever, structural calculations of smectite showei that in certain samples
the amount of silica exceeded the four tetrahedral positions. This suggests

that a silica phase may be intergrown with the smectite.

SUMMARY AND CONCLUSIONS

This study has provided certain data which are extremely useful for the
equilibrium-step mass-transfer simulations of Part I1 of this report. In
the samples studied, the general secondary mineral crystallization sequence
is: clay, (one or more generations), clinoptilolite, siiica and/or clay.
The initial clay phase is invariably smectite. Silica occurs in one or more
of the following forms: opal, cristobalite, tridymite, or quartz. The co-
occurrence of these forms may indicates formation under low-temperature ((100°C)
diagenetic conditions (Murata and Larsom, 1575). Only in a single instance
was silica found in a definitive high-temperature form. Another iron phase,
possibly hematite or goethite, occurs within the smectite. Co-precipitation
of authigenic minevals has certainly occurred in at least some of the samples.

Certain vezicles zud fractures record only a portion of the general
sequence of precipitation. This is hypothesized to be due to changes in the
degree of isolation of a particular void with time; 1l.e., some vesicles are

inicially isolated from the flowing hydrochemical system until dissolution



processes create the necessary interconnections. Other vesicles, which are
initially a part of the permeable network, become blocked with precipitate
over time and hence become isolated from latter events which occur in the
advective system.

Petrographic observations indicate that the groundmass, which was
initially mostly glass, and the pyroxene mineral have experienced a greater
degree of alteration than plagioclase.

Volume estimates of secondary minerals (Tables 2, 3, and 10) indicate
that clay and clinoptilolire are approxirately equal in abundance in vesicles.
Silica is much less abundant. In fractures clay appears to be more abundant
than clinoptilolite; both phases are more abundant than silica.

Electron microprobe results Indicate that clinoptilolite and clay
exhibit a wide range of composition. Thus, although the observed sequence
of crystallization appears relatively straight forward, the compositions as
well as amounts of secondary mineral solid solutions vary in an unpredictable
manner over small vertical and horizontal distances. The observatiomn that
the geochemical system is characterized by a "fine—grained” spatial het=ro—
genelity suggests that modeling or simulations of the chemical evolution of the
natural system should be accomplished with the use of mean quantities which
are representative of the spatlal volume of interest.

From the data obtained in this study, it is impossible to umequivocally
ascertain the thermal conditions under which the Pacco Basin basalts experi-
enced alteration. Certainly hydrothermal conditions dominaced at those
times of basalt emplacement. But the effects of these transient conditions
relative to the cumulative effects of long-term low-temperature prccesses
are not adequately understood. One way to address this question is to call

upon “Ockham's razer”, i.e., given alternative hypotheses whichk adequately
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explain an observable phenomena, the simplest one is preferred. In this
respect we note that similar secondary mineral assemblages have been noted in
a variety of low-temperature diagenetic emviromments, e.g., Hay (1963),
Sheppard and Gude (1968), Hoover (1968), Iijima (1971), Sheppard and Gude
(1973), Walton (1975), and White, et al. (1980). We therefore adopt the
hypothesis that the geochemical evolution of the Pasco Basin system is due
mainly to diagenetic and not hydrothermal processes. We assume that hydro-
thermal events associlated with the emplacement of volcanic flows have
occurred at discrete times in the past but have only served to complicate

and not dictate the scope of the chemical evoluiion of the natural system.

Zonation of mineral assemblages with depth dves occur but is not a
pronounced feature. Ames (1976) XRD data on DDH3, DH4, and DH5 indicate the
appearance of clinoptilolite at approximately 400 m. XRD data from this and
Ames (1976) study indicate the appearance of mordenite at depths in excess of
880 m in five of six cores studied. The appear.nce of mordenite correlates
roughly with features which are interpreted to indicate that clinoptilolite
has or is undergoing dissolution.

Mineral zonation with depth parallels the zonation of mineral. precipi-
tates found in single vesicles from the deepest portion of the studied
sequence. This suggests that the chemical evolution of the system can be
described as a function of time at a single point in space or as a function
of space which is jtself a measure (abeit nonlinear) of time. Both time and
depth variables can in turn be transformed into extent of reaction space
(g - space) with the appropriate kinetic data. This statement contains the
implicit assumption that in the Pasco Basin the extent of reaction is not a

strong function of temperature over the range 30 - 70°c.
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TABLE 1

CRYSTALLIZATION SEQUENCES OBSERVED IN SEM SAMPLES

Sample Depth (m) Cryetallization Sequence
DC2 2206 S1 (v) 673.4 Cl -> C-> 51
S2A (v) cl->¢C
S2B (v) Cl ->C->8i
$3  (v) C => Si => U(K)
S4  (v) Cl->8i->C1
DC2 2240 51 (f) 682.8 c1
S2 (f) Cl
DC2 2282 S1 (f£) 695.6 Si => ClL
DC2 2314 51 (f) 705.3 Ci
DC2 2319 S1 (v) 706.8 Cl
s2 (v) cl
S3  (v) cl
S4A (v) Cl
S4B (v) Cl
554 (v) Cl1->C-cC1
S58 (v) C1
S5C (v) c=~->C1
DC2 2347 51 (v) 715.4 Cl -> Si
DC2 2354 81 (v) 717.5 Cl ->8i->C-Py
DC2 2359 S1A (v) 719.0 C->cCl
S1B (v) Cl
§2A (v) c->Cl
S§2B (v) Cl->C->cCl
DG2 2366 S1A (v) 721.2 Cl -> C -> 51 - Ap(?)
S1B (v) €l =->c(?) ->s8i->Cl
DC2 2402 S1 (f) 732.1 Cl~-> 51 ->cCl
DC2 2448 S1 (v) 746.2 Cl -> M(?)
S2  (v) §4 - Cl ->81i->cCl
DC2 2507 81 (f) 764.1 Si

DC2 2561 s1 (f) 780.6 Cl ->8i-2c¢Cl1



TABLE 1 (Cont'd)

CRYSTALLIZATION SEQUENCES OBSERVED IN SEM SAMPLES

Sample Depth (m) Crystallization Sequence

DC2 2632 S1  (v) 802.2 Ccl
s2 (b) Ccl
s3a (v) cl->c->c
S3B (v) Cl -> F(?) ->C->cCl->si
S3C (v) Cl
S3D (v) Cl ->C->C1l -~ CR(?)
S3E (v) Cl -> C - CR(?)

DC2 2666 SlA (v) 812.6 si
S1B (v) Cc=>si
S1C (v) Cl
S1D (v) C->S8i->Cl
s2 (f) Cl - si - C(?)

DC2 2749 S1A (v) 837.9 cl-c->Cl
S1B (v) cl-c-=>2_C
s1c (b) Cl

DC2 2803 S1 (v) 854.4 CL->C->58i-2¢Cl
524 (v) cl
52B (v) C->8i->Cl

DC2 2831 51 (v) 862.9 cl

DC2 2868 S1 (b) 874.2 Cl

DC2 2883 S1 (f) 878.7 si -> Cl
s2 (f) c(?)

DC2 2926 S1 (f) 891.8 Py - C1

DC2 2955 51 (f) 900.7 Si - Py => C1 =-> S4

DC2 2960 S1A (v) 902.2 Si-C=>M(?) ->cCl
S1B (f) cl

DC2 3181 S1 (wv) 969.6 Cl -> C1(Fe)

DC2 3264 S1 (v) 994.9 C->Si-M(1?)->cCl
52 (v) Cl -> Si - Cl -> si
s3 (v) Si
s4  (v) 5i -> M(?)
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TABLE 1 (Cont'd)

CRYSTALLIZATION SEQUENCES OBSERVED IN SEM SAMPLES

Sample Depth (m) Crystallization Sequence
DC6 1978 S1  (v) 602.9 S => Qf0p => Ce(?2)
DC6 2156 S1  (v) 657.1 $-> Ph(?) => C
DC6 2190 S1 (V) 667.5 S/T -> S/I -> §/1
s2 (v) 1
s3 (v) S/1 => si
DC6 2427 S1  (v) 739.7 S(T1) -> S(K) -> S(Mg) -> C
s2 (a) Op->C-Cl=->8-2Cl
C6 2464 S3  (v) 751.0 I->Q=>1
s3a (v) I->C->Q->C
84 (v) I->C->1
DC6 2695 S1  (v) 821.4 I->C->51-Cl->0p
52 (v) S => CR/Q => C ~ Cc(?)
4  (v) I=>C=>Q
DC6 2908 S1  (v) 886.4 c
s2 (v) a->¢
s3 (v) §/1 => 8/1 ~> Q -> C -> U(K)
s4 (v) cl->ClL->C-Qq-2¢Cl
85 (v) Cl => Cl(Fe)
DC6 2949 S1  (v) 898.9 cl ~-> Cl
$3 (v) cl
DC6 2989 S1 (v) 911.0 s
83 (v) S$~>8->8
6  (v) S ~> U(TiSiFe)
DC6 3038 81 (v) 326.0 CR/IQ - C - S -> CR/Q
82 (v) c->s
DC6 3089 S2 (v) 941,5 Si -> Cl
3 (v) S ~>0p/Q-C=>8 > M(?)
S4  (v) M~ O0p
DC6 3267 S1 (v) 995.8 S/I => € -> S/1 -> M(?)
DC6 3337 81 (v) 1017.1 §$->C->Q->S8
55 (v) 4
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TABLE 1 (Cont'd)

CRYSTALLIZATION SEQUENCES ORTTRVED IN SEZM SAMPLES

Sample Depth (m) Crystallization Sequence
DC6 3367 S1 (v) 1026.3 cC~->s1->Cl
S4  (v) M->Cl
DC6 3387 S1  (v) 1032.4 S => C => Q/CR
s2 (v) C -> Q/CR/T = § => H(?)
S3 (v) S/I -> ¢ => CR/0p/Q => H -> Cl1
sS4 (v) cl->si-Cc-Cl
S5 (v) S-C= L)
s6 (v) Cl->C-Cl->5i
DC6 3421 S3 (v) 1042.7 C -> C1 -> Op, Ap(?), C1
DC6 3538 S1  (v) 1078.4 S ~> Q/CR/Op
§2 (v) c-5S
83 (v} C-S->MN
s4  (v) C-si-Cl
DC6 3609 S3 (v) 11G6.0 ClL=>C=>Cl=->Q->HM->Cl(¥g)
DC6 3688 S1 (v-f) 1124.1 S, Q/CR, C, M(7), U(CaKNa)
DC6 4204 S1  (b) 1281.4 Q/cz => s, U(CaMg), U(Mg)
s4 (v) cl -> (?)
DH5 2616 S1 (v} 797.4 c1
DR5 2620 S1 (b) 798.6 Cl
§2 (v) Cl
53A (v) c->cCl
S3B (v) Ccl ->¢C
53D (v) C->Cl->si
S3E (v) Cl->C->8i->Cl
S4A (v) C~-Si->¢Cl
S4B (v) c-si->cl1->qQ
554 (v) c-cl
S5B (v) Py - Cl1
DH5 2633 S1 (v) 802.5 C - st
§2 (v) Cl -> CL - Si
83 (v) st ->¢C
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TABLE 1 (Cont*'d)

CRYSTALLIZATIOK SEQUENCES OBSERVED IN SEM SAMPLES

Sample Depth (m) Crystallization Sequence
DH5 2643 S1 (v) 805.6 cC-8i->qC
524 (v) §1 ->C1
S2B (v) Si=->C1~¢C
s2C (v) §i->cC1
S2D (v) §1 ->C
DH5 2668 S1A (v) 813.2 cl
S1B (v) Si
DH5 2691 s1 (f) 820.2 Cl1 -> U(f1)
DH5 2717 s1 (f) 828.1 Cl
DH5 2727 €1 (f) 831.2 Ci
s2 (f) Ss1-Cl
DH5 2745 S1 (v) 836,7 cl->C~->si1-C1
DH5 2811 s1 (f) 856.8 Cl
DR5 2831 Sl1A (w) 862.9 Si
S1B (v) §i -> C
SIC (v) Si
s2 (v) Py - 6(7) - 51
S3A (v) cL - c(?)
S3B (v) cl
$3C (v) cl->Cl1
S4A (v) C->Cl ->si
S4B (v) Cl - Cl - 5s51i->Py~-G(?)
S54 (v) C-> 8% > Py - G(?)
S5B (v) Cl->C->si-cCl

s6 (f c1
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TABLE 1 (Cont'd)

CRYSTALLIZATION SEQUENCES OBSERVED IN SEM SAMPLES

Legend
Type:

totally altered basalt

breccia

fracture

vesicle

= large void in thick fracture; only one of this type

Mineralosy:

Ap
C

Ce
Cl

R

H OO

3w

[} oo non

m o

Symbols

->

fi

n

apatite

clinoptilolite

calcite

clay, distinctive or especially abundant catioms
listed in parentheses

low-cristobalite

feldspar

gypsum
illite-like mineral, probably celadonite (identification based on

chemical composition and occurrence)

mordenite

opal

phillipsite

pyrite

quartz

smectite, distinctive or especially abundant cations
listed in parentheses

silica, unspecified type

tridymite

unidentified mineral; major cations listed in parentheses

Separates phases which are consecutively layered

Separates phases which are intergrown

Separates phases whose crystallization order cannot be
positively determined

Separates phases identified with XRD but which caanot be
correlated with different morphologies

lentative identification based on chemical and morphological
characteristics or by comparison with samples at same depth in
core

fibrous mineral
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TABLE 2

VOLUME ESTIMATES OF SECONDARY MINERALS IN VESICLES OF DC2, DC6, and DHS

Sample Depth (m) Mineralogy Volume Percent
DC2 2206 S2A 673.4 cl 10
c 90
DC2 2206 S2B cl 55
C 35
Si 10
DC2 2632 S3D 802.2 cl 36
c 58
st 4
aQ 2
DC2 2666 S1D 812.6 C 50
51 40
cl 10
DC2 2803 SZA 854.4 C 90
cl 10
DC2 2960 Sla 902.2 C 50
51 15
Fi (CaNaK) 15
cl 20
DC2 3181 S1 969.6 cl 10
Cl (Fe) 90
DC6 1978 S1 602.9 S 57
Q/T 43
CaCog <
DC6 2156 S1 657.1 S 4
Ph{?) 14
c 82
DC6 219G Sl 667.5 s/1 90
S/X 8
5/1 2
DC6 2427 Sl 739.7 S(TiNa) 33
S(K) 22
5(Mg) 18
C 27
DCS 294 £3 751.0 57

I
Q 40
I
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TABLE 2 (Cont.)

VOLUME ESTIMATES OF SECONDARY MINERALS IN VESICLES OF DC2, DC6, and DHS

Sample Depth (m) Mineralogy Volume Percent
DC6é 2908 S3 886.4 s/1 20
s/1 30
Q 5
c 45
K <1
DC6 3089 S2 941.5 Si 97
cl 3
DC6 3367 51 1026.3 c 55
si 42
Cl(pris) 3
DCé 3387 S5 1032.4 [ 60
S 35
I(pris) 5
DC6 3421 S3 1042.7 Cc . 30
cl 45
T 15
CaP 10
DC6 3538 54 1078.4 [ 45
si 30
Cl 25
DH5 2620 S3B 798.6 cl 10
C 90
DH5 2620 S4B C 47
si 13
cl 31
cl 9
DH5 2620 S5A Ccl 65
C 35
DH5 2643 S2A 805.6 Si 80
c 20
DH5 2643 S52B Si 65
c 20
1 15
DH5 2643 S2C Si 90
Cl 10
DH5 2831 S§5A 862.9 C 80
Si 15
Ca$s 5
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TABLE 2 (Cont.)

VOLUME ESTIMATES OF SECONDARY MINERALS IN VESICLES OF DC2, DC6, and DHS

weperd
Cl = clay
S = smectite
S/I = swectite and/or illite
I = jllite
C = clinoptilolite
Si = silica
Q/T = quartz and/or tridymite
T = tridymite
Q = quartz
Fi = fibrous
CaS = calcium sulfate (gypsum)
CaC03 = calcium carbonate
CaP = calcium phosphate (probably apatite)
K = potassium aluminum silicate
Ph = phillipsite
pris = prismatic
? = probable identity of the mineral

Note: Elements in parentheses after mineral name indicate distinc~
tive or especially abundant components.






TABLE 3

AUTHIGENIC MINERALS FOUND IN XRD SAMPLES

Sample Depth (m) S I [ M Q CR Op Other
DC2 2206 x1 (v) 673.4 a d
x2 (V) o a
x3 (v) m d m
x4 (v) d a
DC2 2240 x1' (f) 682.8 d
x1" (£) d
x2' (f) a t a
x2" (f) d m a
DC2 2282 x1 (f) 695.6 t t d
DC2 2314 x1 (f) 705.3 d
BC2 2319 x1 (V) 706.8 m a [
x2 (v) m d
x3 (V) d t
x4 (v) t d
x5 (v) d W
x6 (v) d n
DC2 2347 x1 (v) 715.4 t d o
DC2 2354 x2 (V) 7172.5 t d t
x3' (v) a d
%*3" (v) m d m
x4 (v) m d
x5 (v) t d m
DC2 2359 x1  (v) 719.0 m m d
x2 (v) m d a
x3 (v) d a
x4 (O a a d
DC2 2366 x1 (v) 721.2 d a 4A,E
x2 (v} d E
DC2 2402 x1 (f) 732.1 d
x2 (£) t d a
x3 (f) m d
DC2 2448 x1 (v) 746.2 t d

x2  (v) t d a
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TABLE 3 (Cont'd)

AUTHIGENIC MINERALS FOUND IN YxD SAMPLES

Sample D-pth {(m) S 1 C M Q CR Op QOther
DC2 2507 x1 (f) 764.1 a t m i
DC2 2561 x1 (f) 780.6 o t t d
DC2 2632 x1 (v) 302,2 d t
x2  (v) m d
x3 (v) t m t a
DC2 2666 x1 (v) 812.6 a ] d
x2 (v) d
x3 (f) d ]
DC2 2749 x1 (b) 837.9 d o
x5 (v) t q m
DC2 2803 x1 (v) 854.4 m a d t
x2 (v) a t d t
x3 (v) t d
x4 (v) m m m d
x4" (v) a t d t
x5 (v) d m a t
6 (v) t t d
DC2 2868 x1 (b) 874,2 d m
DC2 2883 x1 (f) 878.7 t d
x2 (v) t d
x3 (v) t t m
DC2 2926 x1 (f) 891.8 a m d
DC2 2955 x1 (v) 900.7 t 4
x2 (v) m d Py
DC2 2960 x1 (v) 902.2 t d m
x2 (v) d m
x3 (v) d a
DC2 3181 x1 (v) 969.6 d Ce
x1' (v) d t
DC2 3264 x1 (V) 994.9 m d m
x2  (v) d
x3 (V) d o a
x3' (v) m m d

*3" (V) n a n m d



AUTHIGENIC MINERALS FOUND IN XRD SAMPLES

TABLE 3 (Cont'd)
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Sample

Depth (m)

CR

op

Other

DC6
DC6
DCé

DC6

DC6
DCé

DC6

DCé

DC6

DC6

DC6

DC6

DCH

DCH

1978
2011
2156

2190

2279
2403

2427

2464

2695

2908

2949

2989

3006

3038

x1'
x1
x1
x1
X2
x3
x3

xl

x1

x1
x2
x3
x5
x6

x1
x1

x2
x3

(v)
(v)
(v)

(v)
(v)
(v)

)
(£)

(v)
(a)

(v)
(€2

(v)
(v)
(v)
(v}

)

(v)
(v)
(v)
(v)
(v)
()
(v)

)

(v)
(£)
()
(v)
{v)
(£)
{v)

(v)
(v)

€J32.9
fi13.1
657.1

667.5

694 .8
732.6

739.7

751.0

821.4

886.4

898.9

911.0

916.5

926.0

-]

oo

] a8 g

[ -V -

=" ]

[P -"y -9

Ph

Ch

Py
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TABLE 3 (Cont'd)
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Sample

bPevth (m)

CR

Op Other

DCé

DCé

DCé

DCH
DCé

DC6

DCé

DC6

DC6

DC6

DCé

DCb

DC6

DC6

3074
3078

3089

3134
3174

3267

3274

3324

3337

3367

3387

3421
3488

3538

xl
x1

x1
x3
x3'
x4
x4t

x1
x1

x1
x1"'
x1"

xl

x1
x2

x1
x2
x4

xb

x1
x1*
x2
x3
x3"'
x5
x5!

%3

x1

(£)
(£)

(£)
(v)
(v)
(v)
v)

()
(£)

V)
(v)
(v)

(f)

(£)
(£}

(v)
(v)
(v)

(vy

(v)
(v)
(v)
(v)
(v)
(v)
(v)

(v)
(v)

(v)
(v)
(v)
(v)
(v)

937.2
938.4

941.5

955.5
967.7

995.8

998.2

1013.4

1017.1

1026.3

1032.4

1042.7
1063.4

1078.4

Ea o B o BN -9

M A B

-]

oo

a Qo

oo

et BB

-9

m AR

£

BrRaoasa

[N B A - Py =

BE3B88
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TABLE 3 (Cont'd)

AUTHIGENIC MINERALS FOUND IN XRD SAMPLES

Sample Depth (m) s I < M Q CR Op Other
DC6 3572 x1 (f) 1089.0 a ] d t
DC6 3581 x1 (f) 1091 .8 n d t
x2 (f) t d a n
x3  (f) o d
x4 (£) d a
DC6 3608 x1 (f) 1100.0 d m
x2 (£) n d t
x3 (v) m t d t
DC6 3620 x1 (f) 1103,7 d m
DC6 3688 xi (v-f) 1124.1 d a a t
DC6 4204 x1 (b)  1281.4 m t d t
DH5 2616 x1 (v) 797.4 a Py
x2  (v) d t
x3 (V) d
DH5 2620 x1 (b) 798.6 a
x2 (v) o d t
x3 (v) d
x4 (f) d Py
x5 (b d t
x6' ( d t
x6" (v) d
x8  (v) d a Py
DH5 2633 x1 (v) 802.5 m m d
x2 (v) a a
DH5 2643 x1 (v) 805.6 d
x2 (v) a a d
DH5 2668 x1 (v) 813.2 a d
x2 (v) t d
DH5 2727 x1 (f) 831.2 d m
DH5 2831 x2 (v) 862.9 d m
x3' (v) m m a
x3" (v) o m d
x4' (v) G
x4" (v) t d m
x4" (v) t G

x6 (f) d m a
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TABLE 3 (Cont'd)

AUTHIGENIC MINERALS FOUND IN XRD SAMPLES

Sampl

Hh
[ A |

!-T'<rnu'm

e

Legend
type:

totally altered region of core
breccia

fracture

vesicle

large void in vesicle

sample from thin section chip

Mineral Abundances:

d = dominant

a = abundant >20%

m = minor 6-20%

t = trace 1-5%
Mineralogy:

A = analcime

C = clinoptilolite

Cc = calecite

Ch = chabazite

CR = low-cristobalite

E = erionite

G = gypsum

1 = iliite-like clay,

probably celadonite

M = mordenite

Op = opal

Ph = phillipsite

Py = pyrite

Q = low—-quartz

S = smectite

T = tridymite

W = wailrakite (Ca—analcime)
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TABLE 4

PERCENT OF FRACTURE AND VESICLE SAMPLES CONTAINING A
SPECIFIC SECONDARY MINERAL FOUND BY X-RAY DIFFRACTION.

Secondary Fracture Samples ., Vesicular Samples »
Mineral pcz Dc6 M5 X DC2Z DC6 DH5

CLINOPTILOLITE 50 86 80 71 88 68 90 82
MORDENITE 0 0 0 (o} 6 14 0 9
SMECTITE 73 95 20 63 67 64 15 57
CELADONITE" 0 1 0 7 2 5 16
QUARTZ 44 32 20 32 31 52 35 41
CRISTOBALITE 12 18 40 23 39 18 5 21
OPAL 50 9 20 26 20 18 40 26
TRIDYMITE 6 0 0 2 0 5 0 2

*
¥ indicates average taken over all cores.

+ Celadonite identification is based on XRD and EDS analyses and
mode of occurrence.



TABLE 5

CHEMICAL COMPQSITION OF ZEOLITES

Sample m Analysis  Number 5107 Alal3 FegOq* Mgl Cal Ba0Q Nay0 K0 Total
DC2 2282 696 A 1=4  (£) 70.9541.10 12.13 .45 .09+ .03 0.0 <62+ .09 238+ 09 2.52+ <14 AJ34% 34 91,04
X2 =314 705 A 16=28 (£) 69.65+1.2% 10.74% .44 .47+ .05 02+ .01 .61+ .07 NA 2.3% <20 2.71% .24 81.52
Dc2 2319 707 c 38-41 (v) 63.1842.61 12.41+ .14 B+ .94 W07+ .07 .99+ .07 43 J11 24674 <24 2,79% .24 83.40

c 42-43 (v) 64.40+1.18 12,52+ .51 .48 .62 03+ .03 <964 .04 <48+ .13 2,964 «23 3.0 & .13 B4.83
[ 45-47 (v) 57.42+ .85 10.50& .31 5.5743.34 b2+ 220 1.084 .14 #354 .13 2.234 .06 2.284 35 79.84
c 49-51, (v) 6s410+ .47 13.26% .26 <10% .05 0.0 «954 .08 hht 06 3463+ 439 3,54+ .34 89,02
53,55
D 19,21-23 (v) 67.8645.17 9.8241.65 2.26+2.89 0.0 o174 16 «28% (04 24264 <39 2,361 27 @5.63
Dc2 2359 719 A ;;—;2. (v) 68.73+2.43  12.09% .46 .47+ .26 07+ .06 1.02¢ .13 #24% .05 3.34% .43 2.72+ .19 88.68
B 22,24 (v) 70.75+ .70 13.52% .12 .07+ .04 0.0 295+ .03 ¢ 36+ 13 Ae214 216 3714 015 93.56
B 23,25 {v) 67.06+3.20 13.72+ .39 .54+ .21 0.0 lo5§: «32 b0t .00 3.61+ <06 3,071 <18 90.10
B 26,32 (v) 67.2541.47 12,77% .35 .05+ .01 0.0 1.02+ +06 +62+ .08 2.774 .00 3.10+ .08 87.57
B ;;-g;. {v) ©66.4241.29 13.07% ./ .06+ .02 0.0 1,054 .07 48+ .07 2.43% .20 3.00+ .15 88.51
[ 14-23 (v) 70.80% .91  13.40% .37 .11+ .05 0.0 1,014 .09 454 .10 2.82% .25 3.57% .16 92.16
X2 2366 721 A :;S;g (v) 67.17% .95 11.77% .33 0.0 0.0 4734 +06 #36% .07 2.58% .26 3,70+ (17 B86.31
A 6-8 (v} 67.86%1.2]1 12.08%+ .60 0.0 0.0 Bt 204 Jhld 04k 198+ <28 3,13 423 86.29
A §-12, (v) 67.9741.62 12.43+ .33 0.0 .8 99+ .22 oS1t J08 2,80+ 424 3,52+ .27 88.22
19-21
A 13=15, (v) 66.41+1.48 12.87% .25 0.0 0.0 1.61+ .15 «70+ 406 2470+ 023 2,65+ «19 B86.94
37-40
A 16=17 (v) 64.34f 7§ 12.45% .02 31+ .27 O .02 1.67+ .04 <07+ 04 2,51+ <32 2.084 .06 85.10
A 22-35, (v) 62.83+1.89 15.97% .42 .14+ .10 2.0 o134+ .04 1,39+ .14 4.66+ .22 5.01% .31 90,14

4l-b4

_Z"-



TABLE 5 (Cont.)

CHPMICAL COMPOSITION OF ZEOLITES

Sample

o

Apalyeis

Number

£10, Aly04 Fey0q% Mg0 Cal Bal Nay0 K,0 Total

DC2 2666 813 C 14-15 (v) 66,86+ .43 1ll.54% .01 0.0 <01+ .00 <614 <13 .28+ .03 2.68+ .23 3.49* .11 85.30
[ 16-21  (v) 68.4242.19 11.82% .32 0.0 0.0 W66t J1h  35E 12 2442+ 230 3.43F .17 87411

c 22-24 (v) 68.7641.12 12,57+ .00 L0l% .01 0.0 #7864 05 .53+ .03 2.294 .05 3.24% .18 88.19

c 25-26 (v} 69.99% .76 11.92% .10 .03t .07 0.0 75+ 210 2334 207 2,35+ 427 3,27+ .16 88.65

[ 28-33  (v) 69.26+ .61 12.01% .33 0.0 0.0 W83 <09 394 (D7 2.32+ 422 3014% .21 86,00

2 2803 854 D 31,33~34 (v) 68.7042.32 12.7G+ .27 .23+ .07 0.0 1.224 212 -394 .04 4.804 44 1.05 04 89,92
D  60,63,65 (v) 69.08+ «19 12.44% .09 .25t .04 0.0 1e25¢ 206 <314 211 2469+ 463 2.21% 04 89.08

D32 2883 879 A 15-20,24 (£) 76.10+1.68 12.41% .67 .13+ .05 0.0 874 210 J34% .02 30404 <50 3,20+ <35 96.45
I 2926 892 B 15 {(£) 73.00 5,20 09 02 Iy v 2.9 3.41 89,71
B 16-18 (£) 63.75+ +21 10.72%1.00 2.1941.65 022+ «18  «8Z% J10 W35% 07 2.74% i3 .78 53 G4LSE

B 25-27 (£) 66443+ .32 12.29+ .04 .20+ .26 0.0 974 .03 33+ .04 3.134 426 4.294 32 87,68

DC2 3264 995 B 1=2,5-7 {v) 69.1341.69 13,22+ .26 .06% .02 0.0 2,014 124 ohid OB  2.94% <77 1.93t 022 89.74
B 8 (v} 70.75 13.03 aé +04 Le94 .28 3.40 1.98 91 56

B 14-15 (v) 69.05+ .73 12,19+ .03 .10+ .04 0.0 1.9140.0  .4l% -07 3.3% 54 1.96% .23 4B.98

] 19=26 (V) 73.94+ .92  11.74+ 427 .10t .03 0.0 2,65+ 07 o0&t .03 2,824 .22 42% .03 91.68

E 1-2 {v) 68.96+ .29 13,74t W17 0.0 0.0 1.91% 400 34 .48 &84 232 2,054 .05 91.22

E 4 (v) 63.31 11.87 .08 0.0 1.81 39 3,27 1.90 82.85

£ 7-8,16 (v) 70.22%+ .60 13.57% .39 .07% .02 0.0 1.974 .31 362 01 4.0A% <29 2.174 .03 92,40

B 10 (v) 68.90 12.53 .08 0.0 1.59 42 3.69 .14 89,35

E 11 (v) 69.49 12.62 «05 0.0 1.58 «56 3,02 1.91 89,23

E 12 (v) 67.91 13.02 «19 0.0 1.86 45 .44 2.01 88,88

E 13 (v} 65.56 12.2¢6 15 +03 .71 -57 3.08 1.81 85.18

B 18 (v) 67.17 12.80 .19 <02 1.43 «27 144 1.91 87,23

—-€y-



CHEMICAL COMPQSITION OF ZFROLLTES

TABLE 5 (Cont.)

Sample

Analysis  Kumber

510, Al,04 Fe,0q% Mg0 cal Bal Na,0 K0 Total
DC2 2366 721 [ 3 (v) 66,87 12.22 0.0 0.0 .83 «40 2.00 3.22 85.53
[ 4 (v) 67.03 11.93 .01 0.0 .83 <36 1.61 2466 84.43
c 5 (v) 67.11 12436 .02 0.0 .69 .26 1.53 2.61 84.58
[ ? (v) 64,78 11.52 0.0 0.0 89 ohb 1.93 2,99 82,55
[ 8 (v) 65.11 12.01 0.0 0.0 +84 35 1.52 2.61 B2.44
[ 9-10  (v) 65.41+ .50 12.02% .14 0.0 0.0 W98 o312 W23% (07 1.36% 421 2.32% 417 82,32
c 12-16 (v} 66.51+1.67  12.27+ .04 .0l 0.0 B3k 210 JALE .03 2043k 15 3.50% .31 85.97
c 16-18  (v) 6B.7541.40  12.68+ .22 0.0 0.0 B5E 409 JhhE O0h 2,73k 022 380 1k 88496
c 19-26  (v) 65.71% 22 13.04t .46 124 .08 W05+ J0Z L.d5+ .06 63k 06 2.80+ (10 3.39+ .13 67,23
c 27-28  (v) 6B.5741.41  12.77+ .52 0.0 0.0 WBat <07 474 .01 2,314 (15 3,70+ .09 88.68
DC2 2402 732 D ig-g:, (V) T4.3648,72  9.66+2.60 304 .45 0.0 504+ 404  o13% 08 1.90F .43 354+ 90 90.40
DC2 2448 746 A 10,12,15 (f) 72.04 11.51 .47 .02 33 30 3.24 3.07 91.38
DC2 2561 781 A 7-8 (£) 70.97+4 .80  12.09%+ .38 .24% ,03 W03 201 G4l% .02 424 .01 4.05% .41 4.05+ .17 92.78
A 11-14  {f) 69.55+ .42  12.69% .69  .15% 0% 0.0 A3 07 L6309 3,65 (A3 4.67% .12 91.64
B 7-10  (m) 61.7641.75 15.90% .27 6B+ .44 A2+ 406 074 +05 Lad3% (11 4eB2+ .69 44034 .36 88.80
] 32-34  (f) 72.1842.30 12.8l% .34  .18% .09 W03 03 574 406 o474 (11 3,70+ .34 4.12% .28 94.06
DCZ 2632 802 D 1-3,5+6, (V) 69.8941.04 12.10+ .38 .ll% .10 <04k 03 1.004 .09 RA 2.52¢ .17 3.884 .22 89.57
8-13,18~23
E 14=18, (V) 69.58+1.24 12.01% .43 .08+ .09 0.0 +96+ 407 NA 2.62% .21 4.07¢ .23 89.35
20-¢5
G 7=17 (V) 69.58+1,83  11.984 .56 .12+ .12 W04t 04 .95 0B NA 2,384 .21 4.09+ .22 89.90
DC2 2666 813 ] ;.;; (v) 69.9241.53  12.51% .45 18+ .15 0.0 2774 .10 .35+ .12 282+ .35 2.19¢ 06 B89.7%
25=
B 2,5-10 (v) 70.7741.20 11.914 .34 12+ .10 0.0 674 412 L3254 .08 2.76% .18 3.50¢ .30 90.09
B G212% (V) 67.4431.06  11.64% .45 0.0 0.0 S70+ .07 L334 .09 2.44% .16 3.09% .11 B5.67
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CREMICAL COMPOSITION OF ZEOLITES

TABLE 5 (Cont.)

Sample a Analysis  Number 5107 Al,y04q Fe 0% Mgo Ca0 Ba0 Nay0 K20 Total

DC2 3264 995 B 19 (v) 66,09 12.52 0?7 0.0 1.72 «35 2.62 1.54 84,91

E 21 (v) = 69.00 11.70 .11 0.0 1.54 .22 3.94 1.98 88.50

E 22 (v) 68.89 12.67 «02 0.0 1.35 62 .75 2.10 8539

G 1112 (V) 67.26k .13 12.96+ .26 42+ .13 104 .05 2.66% 14 o34t 02 2,60+ .45 1.68+ .04 88.03

G 19-23 (v} 69.1941.6%  12.3%¢ .33 15+ .06 0.0 1.70¢ .17 =34t .05 3.13% .20 2.03 .19 88,91

G 24 v) 73.22 12.7¢ .13 0.0 1.33 o210 3.89 2.41 23.89

G 25-28 (v)  67.1641.45 12,32% .20 0.0 0.0 1.474 .02 o24t+ 212 248+ 459 2.11% .22 35.83

I 13-18 {v)  65.8%31.31  11.A0% .36 «05+ .03 0.0 1.50¢ <14 ~28% .06 3,02% .03 2.2k .17 BA38

DH4 2438 743 A 1-5 (v)  66.54+ .91 12.31% .12 -024 .01 «0lt .00 1,16+ .06 A 3.49+ 02 2.62t .22 86.13

A 6-10 (v}  67.15£1.61  12.10% .64 «05% .06 0.0 i, .04 A 3.70+ .35 2.40+ 423 B6.34

A 1-13 (v)  68.001.45  12.29+ .26 17+ 03 0.0 1.05¢ .09 M 3,98+ .16 221+ .08 87,70

DG 2666A 752 B 1224, (v)  63.88+ .94  12.204 .55 16+ .07 02+ .02 1,10+ <24 A9+ 10 3.41+ 039 2.40+ <30 85.66
26-27

C 1-6,8=10 (v) 67.6941.73 12.47+ .38 13+ 05 0.0 1.07¢ .12 235+ .07 3.87% «60 2.25+ .26 87.83

12-13

DB4 24668 752 c 1-8 (v)  67.1541.05  1l.62+ .36 «02¢ 01 0.0 1.14¢ .19 NA 3.77% .19 1,32+ .14 B3.22

€ 10,12=15 (v)  66.3281.84 11.69% +58 <11+ .04 0.0 113 .24 L' 3.88+ 38 1.53+ .17  B8A.66

DHS 2633 803 A 29-30, (V)  70.04#2.43 12.3541.35 o264 .08 .08+ 14 1.71# 35 Jll+ 403 1.60+ .29 2.70% .33  88.72
32-37

DHS 2668 @13 A 12,16 {m) 67.374#1l.14 13.31% .08 «11% .09 +22% 05  1.70% .06 o194 W05 1.764 412 4554 .08 89.21
18,19

B 1-6,5-10  (®m)  61.2a31.63 13,06+ .52 .67+ o4 0% .04 1.55% .20 .204 W06 2,01+ .19  A.2%+ .17 89,07

DC6 2156 657 D 1e-7% (v) 45,79 54  11.4B41.27 5.69%+ .16 2,12+ .04 1.08+ 25 1.80% .11  2.70+ .26 2.75% .28 7.4l

D 28-5%  (v)  57.924Le77  16.71% .49 14+ .09 0.0 16+ J0L 3814 37 5,29+ .37 3.8l .43 87.84
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CHEMICAL COMPOSITION OF ZEOLITES

TABLE 5 (Cont.)}

Sample [}

Analysis

Number

510,

ALy03

Mgo

Cal

Fey04% Ba0 Nag0 K20 Total

DC& 2156 657 D =11t {v) 51,91+1.00 13.02+2.60 «73 49 <05+ .08 «2B+ .15 2.704 .38 3.67% 63 4.094+ .48 76445
D 15%,16%, (v) 63.72+ .85 13.82+ .61 35+ .73 16+ .29 1.80+ .20 1.304 .26 2,34+ 25 3.51% .35 87.00

20%*=22%

D 19% (v) 59.00 156.81 +06 «0 <46 2.99 4.56 4.53 88.41

E 2% 3R ) 55.68+2.88 14,7441.06 144 .01 «0L+ .01 «11+ .05 2,91+ .02 he42t 41 4.204 .09 82,21

E  4%=7% (V)  54.2742.50 14.79+ .81 W4t W16 02+ 402 Jlék 05 3.l4t 50 huldt 425 Ae71E .20 81,33

E  8R=9h  (v)  54.035.25 12,86k .95 1%k 00 0% J01  LBO® .20 1,62+ .02  3.A7% «29  3.99 A7 76,99

E 10%=11% (v) 59.1441.27 16,39 .27 02+ .03 0.0 13+ .01 3041+ L06 4214 42 49N W T7 88423

E 13818+ (v) 63.3341.63  12.69% .48 «4641.05 402+ 02 1.76% .20 1.05% .10  2.36% 66 4.28+ .62  86.15

DC6 2279 695 A 2k, h4haTh [{] 58.7141.89 11.07+ 36 10+ .17 9.0 lalé% 20 b8t .10 2:.3% 19 307+ .24 76.90

ooty

DC6 2282 696 c ::-:;; (V) 69.5%42.78  11.81+ .63 .53 .78 .08+ .14 lulét 14 508 W10 2.67+ .37 3.554 .32 89.87
H i;:xg;; (v)  70.97#l.16 12.45¢ .39 .18+ .12 0.0 1,194 W12 56+ o12 3,25+ 4L 3l 435 9171

DC6  2483X 732 A 20-7h o (£)  67.8041.86 11l.63k .75 J95+ 467 .06+ 09 .95+ 67 .53+ <20 F.11% 032 2.9% .26 88,02
D 1x {v) 66.74 12.22 .27 0.0 291 513 2.85 Alb 872.74

D 2%=3*  (v)  69.30% .19 11,91+ +24  .30% .42 0.0 W82+ .08 .4TH 09 2,88+ .01  3.53 .19  89.21

D 45k (v)  67.67+ .58 12,06+ .57 207+ .05 0.0 1,15 .08 .58+ .23 3.10% .15 O0.58+ .23 85,21

D 6% V) €7.39 13.07 =04 0.0 1.18 +5% 2.82 3.35 #8.40

D 8%-9%  (v)  61.0842.14 12,16+ .29 .11+ 06 0.0 JOBF W21 W60% 21 2,88+ .14 3.42% .11 683,23

D 10%=L1% (v} 64,9l 41 12.13¢ .96 -04% .05 0.0 1.01% .16 65+ .21 2.56+ .08 3,30% +13  B4.48

D 12%-l4%  (v) 66,67+ .76  11.98+ .51 215+ 04 0.0 W85 18  J56% 18 2,85 (16 3.79+ .33  86.85

D 15% (v) 62.74 11.11 0.0 0.0 1.17 61 3.21 3.08 B8l.92
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CHEMICAL COMPOSITION OF ZEOLITES

TABLE 5 (Cont.)

Sample o

Analysis Number

510,

Al,03

g0

Fe 03 cs0 Ba0 Nap0 K0 Totat
DC6  2483X 732 D 16% V) 6615 12.17 .06 0.0 .98 .58 2.96 3.41 86.31
o 17+ (¥)  67.08 11.57 .02 0.0 1.36 72 3.22 1.04 26.99
v 18% (v)  63.01 11.89 .05 0.0 .96 62 2.94 3.64 83.11
D 19820 (v)  67.23 .21 12.76% .63 .11k .02 0.0 98+ .03 JT6£ .22 3.15% .05 361k 1A 88.60
pc6 2695 821 A L1l (v)  67.3343.00  12.31% .69 -Lli .23 0.0 1.1% .12 .53k .19 3.05k .19 3.4k .25 87.93
c ::,:;:7- (V) 67.7042.18  12.38+ +69 11k .08 «02¢ +03 1.05+ 13 o526 W10 3.33+ 28 3.31% .09 BB.A2
DC6 297TA 907 B 17%-26%  (v)  66.4541.87 11.34k .24 <05 O 0.0 A2¢ 07 WABE (11 2,924 .19 3.89% .21 85.35
Dc6 313 955 B 30-36,36 (£) 66.85£1.39 12,27+ .39 <18+ .07 .02+ .01 .60+ .08 A 2.99+ .23 3.85% .17 86,76
D 19,22 (£)  64.5132.04  13.2431.44 2467+ .40 074 00 2,21+ .49 Y 394 57 332+ .17 89.96
Dc6 3220 98l B 2-4 (£)  73.8946.89  9.4241.05 24t .10 0.0 525 .26 J20k 02 2.50% .23 2.94% .29 8971
c i;«ii-xl (E)  66.3941.82  11.24+ <87  85% .72 0.0 1344 499 .28+ .08 3.0% .21 %72k .21 8685
DC6 3421 1043 A 10,11,13  (v)  63.50% 49  13.04F <40  3.2641.85 .24 .23 1308 o51 .30+ .07 3.78k .59 419 .70 89.68
A 16-17  (v)  65.1741.46  13.42% .BL  3.4041.62 o264 023  1.50+ .25 374 .16 4.274 425 3.4641.03  91.85
A 2024 (V) 69,0641.86 12,524 .87 .10+ 10 .02¢ <02 76+ .10 JABE 13 Aod2+ 40 3,26+ .10 90.62
A 2526 (v)  69.7941.78  L11.91+ .85 .06+ .08 .03k 04 .68+ .01 .37+ .05 410+ 57  3.09+ .48 90,03
A 27-30  (v)  67.8%42.43  11.95+ .13 .07+ .08 .02k 02 6% .19 .31+ .23 A20+ .46 331+ J04 BB.42
B 47 (v)  63.8741.26 11,57+ 75 45k 21 w0kt <03 «9h+ .32 .23k .15 3.AB oAl 321+ .20 8379
B 8-10  (v)  69.2941.29 11.69 .11  .05% .07 0.0 W50k 09 W36+ 12 3.AS+ .66 372k JA9  89.06
B 12 ) 69.09 12.84 .02 0.0 .97 .60 Aul9 2.99 %0.70
B 13-18  (v)  67.85+2.82 12.01+ .B4  .ll+ .06 .02+ .01  .71% .14 LS50+ .10 3.90+ +28  3.36% .10 88,46
B 22423 (V) 6l.7142.B1  14.05#1.29  4.79+4.82 2% <26 3,19 .64 Akt .05 A.96+ B9 354+ .59 92.92
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TABLE 5 (Cont.)

CHEMICAL COMPOSITION OF ZEOLITES

Sample .3 Analysis  Number §10; Al;04 Fepla* Mg0 Cad Ba0 Naj0 K0 Total
DC6 3421 1043 B 24-26 {v) 65.9842.88  15.34% .49  1.5% .87 o124 .07 1474 W14 0.39F 0& 458+ 58 5.40+41.95  94.87
DCb 3581 1091 A 4-6 (£) 68.06+ .30 12.21%+ .27 206+ <04 .01+ .02 1.75+ .08 RA 2.90+ «03 1.61+ .04 86.60
A 7-9 (£) 65.65+1.26  1l.54+ 31 +03+ .05 W01+ .01 1.67+ .04 NA 2,53 .10 1.64+ .05 83.07

A 10-12 (£) 66.98+1.91  12.31+ .30 «0%+ .09 +02+ .03 1.80+ .12 NA 2.67% «21 1.6+ .10 B5.56

A 15,18,39 (D) 67.91+3.37  12.25¢ .35 «02% .01 0Ly 01 1.004 .20 RA 3.50+ 30 1.97+ .27 8.6

A 16-17 (£) 67.9142.24 13.08+ .06 «40+ .01 W03+ 01 2.03+ .03 RA 3.54% .03 1.98+ .06 BB.97

A 22-25 (£)  65.38+l.62 12.6B+ A4 10+ .04 01+ 01 1.7°% .17 RA 3.06+ .52 173 18 8073

B 25-27,  (£) 66.4242.01 12.91% .80 .12+ .07 .02 .02  2.06% .49 HA 3obkt 36 1.5% 425 B6.67

29-33,35

DC6 3636 1108 A 1-6,9 (m)  69.85+l.43 12.31% .60 «10+ .09 0L L01 2.24+ .33 <28+ o155 4.13% .48 =67+ .15 89,59
B 9-12 (v) 70.6141.66 12,42+ 45 0.0 0.0 1.B3+ .23 «25% o17 4013+ .29 L.69+ .17 90.93

B 13-16 (v) 71.18%1.35 13.16+ .32 +10+ 408 «0L+ ,01  2.25+ .29 40+ +25  A.30F 34 1484+ L13 93.24

€ 16-19,21 (m)  70.3241.21 §2.66% +83 .32+ +20 .03t .03  2.02% +20 o34 (08 3.99+ .22 1.98+ .08  91.06

22,24,26-27

DC6 3684 1123 B 17-20 (£) 66.25+2.90 12.17+ .79 =174 .13 0L+ .02  2.34% .19 «30+ .08 3.35% .27 .54t 17 85.13
B 21-25  (f)  68.7045.13 10.50+1.65 .16+ «15 0.0 214+ .33 o284+ .09 2.64% <47 .44t .09  BA.86

6 3861 1177 B g:,g;v- £y 7G.1342.59  11.00¢ <44 1.16+1.01 07+ .05  0.22+ .07 2264 (08 3,28+ .31 374+ 34 89.86

’
c ?;13; (m) 67.1541.80 10.28+1.26 o1+ +02 «0l% .91 0.21% .13 o164 J15  3.52% .35 3.68+ .96 85.12
c 11 (m) 73.62 9.64 0.0 0.0 0.63 0.07 4400 1.31 63,28
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TABLE S (Conr.)

CHEMICAL COMPOSITION OF ZEOLITES

Sample ] Analysis  Number 8105 Al50, Pe,04% Mgo Ca0 Bald Nsy0 K0 Total
DC6 4220 1286 A 11-20 (V) 65.7941.56  12.28+ .40  .26% +06 .08+ .03  2.02% .11 RA 3058+ o34 l.34t .07 B85.25
B 22-25  (F)  66.431.43 12,30+ .26 .29+ .27 .10+ .02  1.98+ .08 .78 3.14% 15 1.30+ .10 85.63
Legend
*Total iron calculated as P30,
Numbar = gsmple number of electron microprobe analysis
> = standard deviation
A, B, I = additional section at specified depth
V) = vesicle
(£) = fracture
(m) = matrix
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TABLE 6

CHEMICAL COMPOSITILK OF CLAYS

Sample

Analysis

Romber

$10y A1,03 Pegly* ¥go cao Bal Hag0 Ky0 Hp0
DCZ 2240 683 B 1-3,5-6  (£) 47.94£1.69  5.61% .79 27.0642.58 7.45+ .67 2.11% <43 0.0 1.18+ .82 .40+ .07  B.24
B lg-;i, (£) 47.9841.33  5.34% .47 22.174 .39 13.04 .51 1.15+ .17 0.0 1.39+ .03 .58+ .58 B.34
B 12,15 (£) 54.53¢ .09 5.884 .13 26.13+ .36  1.42+ +11 1.24% .00 0.0 1.76+ .09 .63 .10 8.4
B 16-20  (f) S1.S1#1.92  3.304 .21 23.95+ .31  9.97+ .21 1.22+# .08 0.0 1.26 16 ALt .07  8.37
B 23-25  (£) 57.93#2.19  2.52+ .27 22.B341.19  5.1141.69 1.18+ .06 0.0 1.53 218 .20+ .06 B.55
B 27-29 (£} 52.24¢ .81  3.23+ .19 24.19% .13 9.16% .57 1.25+ .0f 0.0 1.23 .05 .41¢ .05 8.39
B 30-3¢  (£) 52.5041.61  3.04% .13 26.85+ .56 6.18+ .27 1.35 .03 0.0 1.45+ .09 .26+ .04  B.35
B 37 (€} 52.14 3.22 24.59 8.57 1.24 0.0 1.37 43 8.36
02 2314 705 A 6,8-15  (F) 47.9341.43  6.20¢ o51 28.2241.33  6.36+1.89 171+ .18 .12% (04 .73 .18 LB9E .19 7.80
pcz 2319 707 c 1,4=7  (m) 50.78+4.48  12.8131.91 13.6743.01 3.27+ .80 5.29% .82 .03 .02 333 .55  2.38+1.10 B.kk
c 2-3 (m) 47.7748.96  7.50t1.88 6,52+ +67 23.8142.83 2,98+ 07 .02+ .01 1.49% .05 1.35 .27  8.56
c W16 (v) 68.7645.95 1 6.6841.28 23.3142.20 B.8541,96 2.33% 17 0.0 1.10& .56 .57# .32 8.33
c 20-35  (v) 44.02+ +G8  6.35¢ .36 28,57+ .48  2.22¢ .37 1.71 .21 0.0 1.5% .10 .50% .04 B.12
D 1~5 (V) 46.7541.28  6.72% W49 28.1T+1.11  6.23% .28 1.7 o17 0.0 1.05+ .23 115 .13 8.18
D 7-10 (v) 48.01rl.34  1.68% .14 25.52462.88 B.57+1.57 1.68+ <14 0.0 82t 16 1.07+ 24 7.85
! ;?:;17 , (V) 51.3946.80  T.0341.20 23.2845.30  4.2140.03 (.79 .18 .08 .06 1.8+ .24 1.5+ .03 8.37
2 2359 719 A I~11 (V) 45.44+1.50  6.48% .38 30.40+2.99  5.82+ .69 2.14 .20 0.0 59+ .23 1.01% 433 B.dl
E o 27-31,34 (V) 49.6242.50  3.66+3.66 31.93+1.50 3.61+ .17 1.55+ .06 0.0 B8 .13 .55 .05 8.18
B 219 (V) 45.1641.07  5.86% .37 26.531.07 10.4&t .36 1.56% .30 0.0 1.624 <15 .66+ .08  B8.16
c 1-13 (v) 45.7041.05  5.77# .20 25..741.10 10.62¢ .42 1.41% .25 0.0 1.65% <13 .79% .07  8.19
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TABLE 6 (Cont.)

CHEMICAL CMPOSITION OF CLAYS

Sample w  Analysis Bumber $10p K104 Pey03* Mg ca0 Ba0 Nag0 Kp0 0
pc2 2359 719 c 27 (v) 50.76 13.07 12.26 3.66 8.03 .02 2,75 .96 8.49
c 30,32 (@) 5943143.0B  10.0436.16 17.9146.00  6.4632.01 4.0741.39 0.0 2,224 .92 W66k .22 84S

c 31 @) 50.27 Se44 23.19 7.34 3.44 0.0 1.13 97 .32

Dc2 2402 732 D 1-6,9-13 (V) 48.7144:01  7.14k1.17 27.3441.35 4.38+1.16 1.5+ 44 0.0 96+ .36 1069t J64 8423
DC2 2448 746 A 16,2126 (f) B.T431.48  S.h4x A7 25.9041.33  T.6643.37 2.0342.41 0.0 1124 .74 878 .26 825
® 23 (£) 48.29% +68  5.40 <03 23.28% .04 12.31% «24  o79t .01l L0k .06 Blx .03 .73 .07 B34

¥ 4B (E) 47.8232.13  5.57+ <20 25.7641.56  9.4582.50 1.24% .60 0.0 95 LIS W95k W34 8.2

De2 2507 764 A 7;20132, (£) 50.06+2.22  5.3241.09 23.9132.12  B8.21+1.55 2.28+1.92 L7 lewiz 92 o482 .20 8.33

.

De2 2561 78L A 1=6 (W) 4B.AOE1.45 588+ oh4 25.3641.07 B.48+ .38 1.96+1.24 0.0 .87+ .10 76+ .19 B.28
A 9-10  (€) S54.5941.08  2.60% .61 14.3581.09 16,26:2.50 30+ .03 0.0 1439% .61 1,761 .06 8.58

B 1-2,5~6 (m) 53.1981.10  6.B0+1.55 16.54+3.89 10.70:2.39 .92+ .89  .30% .14  1.68% .34  1.34F .39 B.54

B 34 (W) 4908 «99 521 .66 24.72% +86  8.83+ .86 L.84+ 04 0.0 1.01% (02 .83 .20 8.43

B =12 (£) 50.38% o16  4.0111.87 20,32+ =98 L1.3541.60 L.17¢ .58 Okt .01 1.13 .06 1,02+ .29 8.40

B 1419 (£) &7.29+ «68  5.65& .74 25.70+1.43 8.02+ .38 L1+ .11 0.0 86+ .32 103 .21 8.11

B 20-22  (£) 52.72+1.16 2355 14 18,024 +51 15.58% <45 .86+ .10 0.0 1,025 .12 .93 09 B.47

B 23-28 () 50.8982.21  3.09% .16 18.861.24 14.044L.47 1.00% .10 0.0 1,39 .10 J71% .03 8.30

B 29-31  (£) 50.12+ .42 3.48+ .17 21.28+ «23 13.77% .24 .92+ .04 0.0 1,19+ .06 .80+ .03  8.37

BC2 2632 802 D 47 (V) 48.34#1.61  5.3142.21 29.5% JFO0  5.13+2.00 1,28+ .23 NA 10355 .63 L.24k 65 7476
E 17, (¥) 49.8422.36  3.9l% +17 3L.12+ «65  3.80% .13 1.28+ .20 NA 1,25 .10 Bt .13 7,73

10-11,13
G 1-6  (v) 50.11t 89  4.06% »27 30.64% <77  3.96% 07 1.32+ .09 WA 121+ .13 .68+ .35 7.76
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TABLE 6 (Cont.)

CHEMICAL CQMPOSITION OF CLAYS

Sample

Analysis

Mumber 810, 4150, Fay0% Hg0 ca0 Ba0 Nay0 K0  Hy
D62 2666 813 c 5 (@) 56.67 13.76 7.30 .57 2.75 .30 5.84 3.16 8.64
X2 2803 854 o 11.;712 (v)  46.5142.11  6.09+ .33 23.74+ .92 12.14t .39 L.50+ .14 .03k .02 1,41+ .51 .32+ .04 8.28
X .
D 16=18  (v) 54.1944.71  7.91+ .63 17.34+1.36 6.08% .41  1.00% .06 0.0 Skt 09 4684 JT7  B.47
D 21-22  (v) 46478 .23 5.96+ .24 23.02+ .60 12.56+ .20 1.65+ .11 0.0 1.45¢ .04 .30+ .05 8.30
D 23,25 (V) 45.8741.74  6.54% .08 24.49+3.00 11.3741.39  1.52+ <02 0.0 1.56+ .47 JAZE .59 .25
D 24,26=27 (v) 54.1842.02  7.84+ .18 16.98+ .70 5.80+ .07  1.16+ .16 0.0 JSH 04 S.06+ 239 846
D 28-31 (V) 44.9741.87  6.33+ .52 26.56+1.56 10.30+ .66  1.89+ .29 0.0 1,122 428 .66+ .20 8.18
D 35-36,38 (V) 53.6M5.58  S.48+ 466 27.59+1.94 9.56+ .92 142+ .17 0.0 1.35¢ .16 94 .03  8.25
D 39-40  (m) 49.1841.91  6.4941.14 24.2243.27  8.3641.56  1.85+ .32 0.0 1414 .39 L7011 B.25
D 48-50 (v) 47.53t1.33  5.974 .20 22.28+1.88 12.41+ .26  1.36+ .02 0.0 1.7% .02 .35 .02  8.32
D 51-53  (v) 53.9542.32  8.02+ .57 16.71+ .80 4,05+ .29 1,05 .19 0.0 W42+ .07 5.68 .43 8.16
D 54,56-57 (V) 44.54t1.68  6.39+ .65 26.76+1.54 10.4l+ .48  1.52t .24 0.0 1.5kt 230 67+ .25 8.16
D 66=67 (V) 65.5942.55  3.35 .68 15.06+4.92 4.85£1.78 .87+ .32 074 .03 .90+ .42 kLt o17  8.91
DC2 2803 879 A gi-gz. (£) 56.432.95 11.5B41.80 12.76£2.66 1.00+ «23  5.53 <70 o174 <05  4.38% 67 1.65+ .20 8.53
2 2926 892 R 1-5 (W) 44.7743.46 282+ .43 20.39£1.39 11.61+ .76 11.91+1.47 .03 .14 L75% W14 WR6x .32 811
B 6-8 (W) 49.14% <99  3.1241.79 15.99+ .61 10.9044.40 12,1242.8B1 .07+ .04  o76% .36 59+ +65  8.29
DC2 3264 995 B 20-27  (v) 54.5442.94  6.11% .43 18.36+ .90 3.9%% .87  .92% .31 0.0 6B W17 5.50+ .90 6440
o 26 (V) 53.5%H4.11  7.31% .39 19.70+ .28 4.5541.06 1.23% .26 0.0 6B% 16 Aohktl 66  8.40
D 7-10 (V) 51.5442.75  6.7241.09 22,324 .96  4.95+1.64  1.80% .14 0.0 94+ .19 2408153 8,32
D 12-18 (V) 54.88% <11  7.43%k 425 18.71% .42 2,79+ .36 .75+ .14 0.0 A5 06 6,60+ .52 8436
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TABLE 6 (Cont.)

CHEMICAL COMPOSITION OF CLAYS

Sample

m  Analysis

Number

510,

A0

FegOy Hg0 Ba0 Nay0 Kp0 Hz0
DC2 3264 995 £ g:—gg, (v) S5.1742.53  7.33# .32 18.08% .95 3.55¢ .18 .88+ .06 0.0 56k .07 5.9%k .36 B8.41
[ 1-10 (v) 54.5542.14  7.77+ +44 18.3611.49  3.83+ .29 1.12+ .20 L07+ .06  JT14 .24 5,18+ .67  8.43
[ 13,15 (v) 55.61#2.78  7.98+ .95 10.06% .16  4.30% .06  1.08+ .24 07+ .09 B4k .27 2.5343.58  8.55
¢ 1618 (m) 51.41#2.63  7.09+ .82 21.0:+1.18  6.90+ .39  1.8%k .34 .07+ .04 1.24% .26 2,08+ .35  8.39
I 2-5,24-5% (@) 52.9343.78  6.64% .99 20.30+ .87  6.22+ .97 1.50+1.50 .03k .05  l.4é% .49 2,53 .99 B.42
I 9%128,9 (v) 54,99 54  6.85+ .30 18.59% .42  3.96+ .21 0.82+ .12 0.0 W68+ .07 5.71+ .32 B.kO
DHé 2438 743 A 14,1720 (v) 57.0142.73  8.39+ .55 16.3%+1.26 3.27+ .25 0.63 .20 NA 1.274 .47  4.4%% .61  8.56
DH  2466A 752 B 1,3,7-8  (v) S54.4444.60  7.7642.10 19.66+4.48 4.88+1.42 0.92+ .25 0.0 2.2041.81 1.6l .13 8.52
B 2,4,9  (v) 55.2144.49  8.96+ .58 16.7941.76 .44 08  0.5% .04 0.0 2.94+3.41  3.5841.09  B.51
DH4 24668 752 c 16-17  (¥) 55.9241.71  6.66+ .12 15.17% .27  4.024 .60 2.35% ,23 7Y 0.46% .04  7.031.15  8.40
c 18-21  (v) 58.5042.77  6.82+ «36 14.031.77 4,10+ .15 0.28+ .04 73 0,514 04 7,22+ .58  8.53
c 22-25  (v) 58.7842.85% 7.55% .28 13.731.29 4.17+ .15 0.41% .03 7Y 0.81+ .06 5.97+ .85  B8.59
DH5 2633 803 A 5,16 (@) A45.5T41.87 10.2744.94 16.5741.52  3.99% .63  B.5044.36 0.0 4.95+1.54  1.99% .32 6.13
A ;;,;:, (V) 40.3942.81  6.72+1.31 21.6142.06  4.7442.48 16.0945.57 0.0 2.2241.18  Q.40k 38 7.84
A 12,25-26 (v) 46.1043.31  2.3642.37 17.3%1.50 9.6342.48 11,5043.20 0.0 4,755 44 0,23 .33 8.04
A 2324 (v) 52.941.88  9.38+ .18 21.93+ .07  4.81% .39  1.97¢ .07 0.0 0t 10 .32+ .26 B.55
DHS 2668 813 B 7 (m) 5282 19.14 4.82 .16 6.15 0.0 5.01 3.24 8.65
DC6 2011 613 D 9-14  (v) 52.0941.69  3.0241.65 24.77+ .67 5,35+ .74  0.25% .13 0.0 JI8+ J10  5.55¢ .52 B.18
D 15 vy 53.42 1.94 2466 5,98 0.12 0.0 .72 4.94 8.23
D 16 (v) 53.76 1.46 23.67 6,13 0.24 .05 .75 5.72 8.21
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TABLE 6 (Cont.)

CHEMICAL COMPOSITION OF CLAYS

Sample m  Analysis Number 510, A1203 Fezo3i HMg0 Cal Bal Na,0 xzo 0
DC6 2011 613 D 17-18 {v) 51.8l+ .05 2.4% .31 24.25+ .08 7.25% .16 «32+ .05 .07+ .00 W84+ 210 4,77+ .27 8.20
D 9~18 (v) 52.35%1.59 2.65+1.35 24.55+ .61  5.87+ .95 «24% .11 0.0 78+ .09 5.36+ .55 8.19
D 20-23 (m) 49.24+2.82  12.9042.86 13.68+4.54  4.49+ 263 5.7642.93 .16+ <05  3.8241.24  1.54+ .34 Bebl
E 1,4 (m) 46.55+ 09 10.06+ .50 19.35+ .41  5.11+ .55 6.6342.43 .10+ .08  2.73+ .33 1.21+ .45 8.23
E 9-10 (m) 47.85+ 425 11.84+42.22 17.95+4.85 2.8L% .96  5.8742.80 .13+ .08  3.26+ .95 2.02+ .50 8.28
E 12 (@) 43.76 10.38 19.49 5.35 10.80 «04 49 1.58 8.12
E ;;-g(z). (v) 53.9741.20 1.15¢ .10 25.61% .70  6.06+ .23 <12+ 4 0.0 262+ .05 4,22+ .71  B.25
E 34=40 (v) 45.52¢1.14 4,064 .37 3l.6141.65 6,01+ .16 <42+ Ok 0.0 142+ 43 2,98% 40 7.99
B 41-44 (v) 47.98+ .70 3.78+ .13 30.63+ .29 2.72% .02 0.11% .01 0.0 +38% 402 6.45+ o1l 7.95
¥ 21 w) 47.89 6.12 25,68 4.00 +43 W14 3.49 418 8.07
b 22 (m) 49.05 6.88 25.86 3.80 47 .13 1.43 4022 8.16
¥ 23 (m) 50.05 6.21 25.94 4.02 vh4 «07 +96 412 8.20
b 24 (m) 47.19 5.81 28.62 4.02 1.55 o16 75 3.85 8.06
¥ 21-24 (m) 48.56+3.18 6.26k J61 26,48+ 48 3,96+ .18 #7150 W13+ 403 1.6741,29 4104 .32 8.12
¥ 26-30 (v) 53.2541.01 1.00+ .65 25.43+ .38 5.34% .27 +13+ .04 .03+ .03 5T+ 213 5.24% .35 B.20
b gé—:;g. (v) 53.084+1.47 1,97+ .44 25.07+ .59  6.02% .67 =15 .05 0.0 63 .16 4BOE L62 8,22
¥ 33-35 V) 51.404 .44 2,94 .32 25.38+ .53 7.06% .42 <19+ .06 0.0 <93 09 3,89+ .18 8.22
¥ 39-40 (v) 67.89+1.22 5.514 .38 26,14+ 423 4.49% .06 +32+ 401 124 01 2.69+ .03 4,784+ .00  8.05
F 26-40 (v) 52.1342.34 2.5741.33 25.40+ .51  5.80+ .92 <174 .07 0.0 95+ T2 4.79% .64 8.19
DC6 2053 626 c 5-8 (m) 52.2443.28  12.9742.53 12.75%4.87  3.1741.03 2.45+ .42 0.0 3714 W71 W16+ .64 8,55
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TABLE 6 (Cent.)

CHPMICAL CAMPOSITION OF CLAYS

Sample

Analyais Bumber

510,

K150, Fe,0q% g0 ca0 Ba0 Nag0 K0 By0
D6 2053 626 € 9,11-12  (¥) 5213171 5.95H1.B5 20.B843.01  4.17E 460 Z.34% 97 0.0 2.45H1.79  3.B0X1.66  B.28
C 10,16 (V) 45.9343.00  6.87+ .28 23.2542.68 11.5081.26 2.71% .23 0.0 83k .10 66% .48 8.26
€ 13915 (v) 49.76% .14  7.05& .56 17.2842.10 14.04% .71  2.15 .39 0.0 .06 .42 236 8449
€ 1720 (V) 52.1641.80  7.0B% .42 17.30+2.08  7.46+1.28 1.29% .50 0.0 W34k 11 6-03k1.49  8.34
c 21 (v) 55.39 7.09 14.89 5.4l .52 0.0 164 8.14 8.40
€ 25426 (V) 5647B41.26  7.83% .44 11.99% .81 7,15 .01  .89% .07 0.0 S36k O 6ehSE .49 8456
€ 27-30 (V) SLa1641.27  T.21k .30 17.20% .74 10.3241.07 180 .32 0.0 S4E 04 3344103 8u42
E 5-8 (@) 55.0641.76  B.3k% .01 14,36+ «70 5.26+ .00 2.09%% .10 0.0 96k 10 5.A5 .52 B.48
E 12 (m) 51.76 7.0 17,93 8465 1.63 2.0 1.03 3.51 8.40
E 16 () 57.61 17.48 3.50 1.37 2.39 13 .21 2.08 a.88
E 1718 (M) 55083k 07  9.54k2.hk 14.3741.53 4374 .Th  66% 120 0.0 24% 08 6.68+1.83  B.51
B 20,22 (m) 56.8941.35 12.48% (B9 L1.73% «67  3.75k 37 .95 (14 0.0 53 DS 4972 .31 B.69
E 23-26  (v) 49.9632.67  Te27+ .23 18.5632.44 10,594 58  2.58% ¢19 0.0 W96k Oh 1,67+ W45 8.4l
E 0 27-30 (V) 53.4442.24  T.25k .25 16,574 <62 6ul6E 34 079% 13 0.0 W25 207 74174 072 8,35
B 31-33  (v) 47.60% o26  6.55k .19 22,22+ .28 10.20% .22 2.33+ 08 0.0 Skk 02 2,30 17 8,26
B 34=37  (v) 44.8432.27  6.374 .52 25.1141.30 12.31% 42 2,07+ .59 0.0 872 039 W24 .05 8.22
DC6 2156 657 B 7-8 (m) 53.3741.79  17.5141.76  6.704 .23  2.854% «64  A.8841.25 0.0 3,93 418 2.02¢ .21 B.TL
DC6 2279 695 A 2,45 (V) S9.7043.81  5.561.18 12.7541.53  S.A%E 60 L4l 19 0.0 674 043 6,85k .27 8,57
B 7,9-13 (@) 53.1644.78  8.86+4.07 16.47%41.86  3.1131.34  2.7042.14 0.0 2.1121,25  S.2642.10 8437
B L4-l9 (V) S57.8744409  6.06% +30 15.59:2.96  S.06+ .25 .30t .04 0.0 56k W17 815 .94 BekD
c 810 (m) S54.66E1.62  14.A%% 79 10.82¢ (97 B3 15 &eSTE .49 0.0 3785 217 2430 W56 863
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TABLE 6 (Cont.)

CHRMICAL COMPOSITION OF CLAYS

Sample w  Analysts Humber $109 Aly03 FepO3* Hg0 ca0 Ba0 Na,0 K20 A0
oC6 2279 695 c 11,13 (m) 53.66+ «74  5.2642.00 17.12% .91  4.9% .21  2.6041.17 0.0 W90% (37 7.20% (26 B.27
[ 14-16  (v) 56.51#2.06  3.66+ .39 16.8941.28 4.9 .28 <23+ .01 0.0 W4l¢ 03 9.07% .65  8.30
[ 17-18 (V) 56.64£3.30  3.69% .07 16.26+1426  5.09 .05 W33 416 0.0 W35 (00 9.33% .36 B.31
c 19-20 (v) 55.1%% .11 3,95t .09 17.92% .07  4.82% .06 .26+ <06 0.0 31k 402 9,304 .12 8425
DCHb 2282 696 c 911  (w) 50.0%k +64 10.3241.27 18.05% .84 1.85+ .42 5.00+ <18 0.0 2853010 3.62% .73 B.28
c 12-13 (v} 50.86+l.24  5.48+ 31 26.57+ .62 3.62% .09 1.99+ .01 0.0 B85 .14 228+ .14 8.25
c 15-18  (m) 50.31#2.90 11.3941.21 16.5143.16  1.72% «55  S.18% «40 .11+ .08 3.80% .34 2,64 .89 8.34
c 19-23 (V) 40.56+ oBO  5.40+ -30 20.42£2.88  4.98% .48 2.05% .31 0.0 1,02¢ 06 1,37+ .12 B.19
G 7 () 48.80 453 16.17 8.62 10.82 0.0 .29 2,59 8.19
[ 9-11  (m) 40.3243.07 4.59+1.48  21.1243.39  7.0442.58  8,22+4.04 0.0 oS6E W14 1099 97 8.16
4 18-19  (m) S51.4843.34 64024 11 24,45 <90  3.79% .05 1.42% +07 0.0 694 09 3894 39 8,26
B 26-30 (V) 47.5643.32 6.2l 495 27.9642.15  hel2t 433 2,94+ .80 0.0 96k 10 e09% 46 B.l4
L] 2:-2:. (V) 513142427 5.54% <26 23.78% oB7  5.62t1.83 1,36k «22 0.0 W89 (13 3,02t 89  8.29
- [
DC6 2330 710 A 14 (v) 52.05 9.23 17.15 3.02 5.54 0.0 2.10 2.53 8.39
A 15716 (v) 50.2141.35  7.08% 27 21.72% 466  T.532.61 2,734 o78 6% .33 L.19% 07  56% .14 8,36
A 36-45 (V) 50.0642.19 6,81 <77  22.2443.24  B.66%1.76  2.18% <61 0.0 Lel3k 423 o525 .09 8.39
DC6  2403% 732 A 7 (@) 51.06 5.74 22.81 7012 1.52 0.0 1,09 2.33 8.33
A 9-15,19  (f) 52.75£236  5.96% +65 20.76+1.23  5.99% 47  1.40% 16 0.0 1,274 «21  3.50¢ .70 8,36
A 20-21  (£) 55.32#1.58  5.72% <17 16.86x1.51  6.36+ .17 1.80% .66 0.0 1394 402 4.08% .09 8.46
B 16-19  (v) 45.4942.19 6,06+ .37 25.3741.95 10,1141.08  2.574 13 04 .04 L.17+ .21 2,04 .12 8.15
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TABLE 6 (Cont.)

CHRMICAL COMPOSITION OF CLAYS

Sample

w  Analysis  Number 510, Aly0, Fey0q* Hg0 Ca0 Ba0 Na,0 Kz0 By0
DC6  2403% 732 B 20,26 (@) 51.0945.96 14.70#1.26 11.5541.52 2,57+ .83  4.8242.04 0.0 44.7441.17  2.02+ .59  8.51
B 21-22  (m) 50.B3% .86  7.8041.62 22.36+2.37  4.33+ .57  2.16% .18 0.0 99+ .18 3.21% .35 8.31
B 28 (@ 50,31 5.76 19.60 6.43 6.67 0.0 1.25 1.69 8.28
) 1-7 (v) SB.5641.67 5,65+ +39 21.38+ .32 4,30 .58 108+ .19 0% «03 .79t .12 4.90% .58 B.32
DC6 2464 751 D :;ul);lz (w) 50.5741.36  26.60% .98  .Sli .05 .05 02  7.98% .94 0.0 5.4+ .56 .29+ .06  8.86
.
D 13 @) 51.35 1.88 12.41 14.73 10.61 0.0 .25 .38 8-39
D 17408 (w) 56.85:4.08  6.5821.00 15.10f «62  4.9741.19  1.05% .45 0.0 98+ (51 5,974 .40 849
D 19,21 () 46.731,83  2.30k .19 ¥7.7941.19 11,52+ .46 12.2842.67 0.0 W6k 06 L83t 86 8.1
D 2930 (m) 55.5647.32  7.6741.82 14.36+ .64  6.204 .83 T4+ -39 0.0 684 .02 6.35:2.54  8.48
E 37 (W) 52.8535.24  5.82+ .80 18.40+3.98  5.09% 48  5.3742.96 0.0 508 (08 4.3041.23 828
B 17-19  (m) S4.6342.41  4a0kt 69 1B.44+3.45 485+ 72 1.9242.03 0.0 Skt 01 6,54 .73 8,72
B 22-75,28 (V) 57.61£3.26  3.07+ .42 15.6341.93  4.75+ .21 W46t .01 0.0 426+ .05 7.88+ .39 843
E 29431 (v) 57.5642.27 6,79+ .94 13,39k .76  5.05% «19 .39 .07 0.0 2204 .07 8.69% W21 8.48
B 32235 (V) 55.6441.19  5.03+ .93 [6.43 .51  A.56+ .42 .30+ .01 0.0 126 402 9,208 .14 B.31
3601 (%) 55.4832.53 QT4 W10 20.3741.72 5.98+ .71 024 .01 0.0 0,0 _ 9.74¢ .72 8.15
P 4244 (v) 55,19+ .32 3.7841.29 17.7841.89 5.02+ .15 .18 .12 0.0 04t 01 9,774 .32 8,24
D6 2533 772 B L10 (€ 53.64% .30 3.58+ 33 11.8341.03 18.55+ .36 l.14% .03 0.0 1e8ht .06 79 .16 8.62
B 2 (£) 50,53 4.02 17.12 17.40 95 .02 1.12 .38 8.49
B 3,8,9 () 47.7042.24  4.33% .18 20.85+ .57 15.7241.05 904 10 0.0 1628 14 LS4 .07 B33
B 47 (£) 51.2443.50  3.0981.19 22.59+ .19 10.00+3.06  1.58+ .30 0.0 1,258 .40 1.94+1.25  8.31
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TABLE 6 (Cont.)

CHEMICAL COMPOSITION OF CL.YS

Sample

Analyais

HNumber

510y Al703 Fey03* Mg0 Ca0 Bal Nay0 K0 Ra0

DC6 2533 772 c 1-5 (m) 47,78+1.81 6.3+ <24 22,16+ 3¢ 12.07+ .35 1.28+ .08 0.0 160+ .15 47+ .05  8.34
c 16~20 {m) 4B.36¥l.64 6.7741.34 21.1542.47 11.42+41.96 1.42¢ .43 0.0 176k «47 76+ 56 B8.36
D 1-2 (£) SL.1)#2.45  3.214 14 23 B2 «56  9.94% «67  1.68+ .12 0.0 1.05+ «00 .85+ .AD 8,34
D 4=7 (£) 53.38+1.6% 2.58+ 438 23.89% .74 7.284+ .66 1.42¢ .34 0.0 W83t 16 2.28+ 40 8.34
) 8,9,12  (£) 46.97+ 234 4u42% .26 23.5541.70 12.91% .74 1.91% .49 0.0 163+ <11 35 .03 8,25
D 13-16 (f) 4B.7642.56 3.97+ 01 20.9142.24 15.02+ .98 1,05% .15 0.0 L.53k <46 <39% .07 8.36
D 17-20 (£) 52.03+1.84 2,92+ 422 17.384% <38 16.55+ .17 1.27¢ .21 0.0 1.01% .13 .33 .02 8.51
D 24-28 (£)  49.68+1.81 36481431 19.6643.45 15.0341,26 1.43+ .23 0.0 1704 232 «A) 05 8,39
Dc6 2695 B2l A 3-6 (m) 57.7743.11  12.5841.11  8.31+1.00 32+ .40 5.0Lt .88 05 .03 3.17+ .73 Aela2.17  B.68
A 10~12 (m) 57.16+2.76  11.26+1.37 11.50%1.23 «70+ .63 4.7341.10 .09+ .01  3.38+ .83 2.5541.10 B.63
A ;2,2:, (v) 55.68+ .71 6,04+ .20 16.06% .64 5.83% .34 254% .08 0.0 A%k 05 6.9B+ 422 8441
A 33-34,37  (v) 58.4132.29  12.68+4.09  7.9143.86  1.6941.42  5.62%1.03  .37% (A2 2,40k 72 2.1741.59 8,75
B 7-9 (w) 56,37%1.93 6.60+ .49 15.50+ .60 5.87% .09 «63% 407 0.0 o725 409 5.81% 432 8.49
B 17 (m) 56.61 6.22 16442 - 6e13 1.07 0.0 «58 hedd 8.33
B 18 (m) 48,51 6.57 16.24 8.74 9.44 04 1l.42 5 8.28
c 3-6 (v) 56.70410.28  5.9142.24 16.974£1.98 6.9343.97  2.9412.74 +04% .05 +84% .30 1.06+ .66 8.61
c 18-20 (v) 56.90+1.01 6.58+ 27 14.85+2.76  5.2041.01 W52t .17 0.0 o294 .03 7.20% .40 8.47
c 21-23 (v) 56.8442.20 6474k J14 13.99+1.81 6441t 4B »50+ o11 0.0 _ +36% <09 6:65¢ .36 8,51
c 24-26 (v)  49.8543.27 5.28+% .10 10.50+ «B0 13.87+1.33 <73 .08 0.0 1.4 .53 1.88+ .63  8.40
[ 3640 (@) 54.6524:001  13.2623.50 10.2748.33  L3LE1.9S  3.85% .23 .07+ (03 2.72% .B3 5.332.71  8.53
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TABLE 6 (Cont.)

CHEMICAL COMPOSITION OF CLAYS

Sample

Analysis

Rumber

510,

Alj04

e 05% Mg0 a0 Ba0 a0 R0 Bg0
pco 2977A 907 B 7-8  (£) 43.8942.88  4.67+ .51  33.77+ .80 $.83+ .63  1.28+ .0C .0l .01 175+ .36 .81+ .13 7.98
B 9,22 (£) 48.02+ .85  5.384l.18  27.8141.58  6.04% .03 1.3k 58 .OLt 0L L.Bak .28 L.38k .43 8.18
B 10-11 (£) 53.98% 412 5.16 .09  22.03%+ 02 4,68+ .23 (355 .04 .02+ .03 L89% .11 4.55% o156 B.34
B 12414 (f) 52.131.91 4,68+ .11 23.71+ .38 6.19% .26 74 .04 0.0 1.55% <29 2.65% 30 8.32
B 16,18 (£) S1.51% <83 4,634 +10  25.2084.47  5.48+ .45 634 .24 Ol .01 1.2l .36 3.07+ <65  8.26
£ 749 (@) 46.3941.89  S.67+ +73  24,1542.09  8.1541.01  4.6541.14 03+ .03  1.56% (32 1.258 +20  B.15
E 11-13  {v) 47.3042.67  6.39% .95  25.8741.89 7.71#1,06  2.17% .70 0.0 1,26+ 10 1,08 .28 8,22
E 15-16  (v) 53.6141.86  6.25¢ ¢35  21.2241.34 5.63+1.47  2.41% .27 .10+ .02  1.8A o201 .70% 410 B.AS
Dc6 29778 907 B 14-25%  (£) 50.4242.18  6.76% A9  23.7941.34  4.27% .16 768 14 JO5% .05 1,24k 21 A.4741.08 8423
c 11712 (@) 44.B4t »37  S.79+1.46  26.8342.11  6.91+ A0  4.7281.75 .0kt .05 1.79% .74 1.02% <26  8.06
c 14 (m) 50.74 18.04 3.88 2.27 5.56 A2 3.86 1.93 8.60
€ 1520,21 (@) 66:86+3:20 14.06% +30 .55k .17 06k 04 L.llp SO 85% .08 3,99+ .31 343’5 910
o6 2999 914 A 18-19  (m) 4B.7742.27  5.06% .68  26.21+ .43 7.11#1,11  2.5282.14 <03 J04 .96 .12 .12+ .21 8.23
A :;—gg. (£) 50.1241.39  S5.01% .13 26.54 +98  9.16+ .40 73+ .04 02+ .03 2,92+ .59 1.27+ 20  6.24
B 20-26  (E) 45.5641.49 6,03+ .37  20.8041.25 6.60% .55  l.11+ .33 03 .03 3,03 .75 .71+ .18  B.ll
B 26-30 (f) 4B.O2HL.T8 4,634 4B 26.4%41.36  7.6941.0% 9% W14 W02% 403 387+ .91 L3264 .18 8,19
B 31-35  (£) 45.9041.03  5.65t .17  26.64+ -46 10.30+ .28 59k .11 J02+ .04 1.66% 20 1.0% .10 8.18
B 36 (£) 45.73 5.63 25.11 11,07 41 .09 2.64 1.15 8.18
B 37-39 (£) $5.3942.48  3.95% +28  25.18+ 79 332+ .14 .68+ .08 0.0 2.84% 84 J214 05 Bekd
D 39 (W) S51.9B42.88  5.62% <40  23.3341.06  7.08+ .57 1.5841.00 034 .03  1.46% .40 (A% .07  B.41
D 13 (m) 47.52 1.61 16.42 14.79 10.98 .06 .35 .06 8.21
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TABLE 6 (Cont.)

CHEMICAL COMPOSITION OF CLAY

Ssmple

Analyeis Number

510,

Al,03

Mg0

Feg0q* ca0 Ba0 Naj0 K,0 Hy0
D6 3134 955 A 1-7 (£) 48.3342.39  7.27+ .32 28.62% -75 2,80+ .18 1.09% .14 NA 2,19 .79 1.52+ .15 8.19
A 8 (£)  48.84 6.27 29.66 3.00 .79 HA .92 2.35 8.17
A 10,1z (1) S4.7641.84  7.0041.00 23.5942.01  2.274 .30 96+ .12 7T\ lohét 228 1.42+ .33 B.47
A 13-17,19  (£) 58.11#44.91  17.97+1.58 18.41#5.60 1.72+ .57 974 .57 NA 2,19+ .10 2.01% .54  8.62
B ig-i:, (W) 53.8042.17 12.75#'.11 11.24#2.09 1.09+ .51 6,40+ .53 WA 4.01% .38 2.18+ .10  B.54
B ;1-;3. (£) 49.1841.83  7.00k +21 27.62%l.44 3.08% .30  1.04% .09 WA 2.274 .45 1.59% .18 8.22
B 23-29 (£) 52.84%2.19  6.78+ .63 24.8141.88  2.37+ 45  1.02¢ .21 N 2,43+ .82 1.39% .36 8.37
D l4-i8 (W) S54.62462.19  12.10#1.57 11.43#3.13 112+ .89  5.80+1.27 LTy 3.34+ .87 3,05k .45  B.54
D 20-21,25 (m) 54.34#2.92 12.74%4.54 12.88+3.91 724 .32 5.2841.92 “m 3.58+ .94 1.88+ .34 8.57
D6 3220 981 A 1-2,4-7  (E) 46432+ .73 8.52% .40 31.5741.10  1.77% .11 6B+ .09 .02t .02 2.0B& .20 8% .25  B.14
A 812 (£) 52.6641.25  6.30% .93 27.4242.79  1.8B8+ .32 T W16 03k J06 1.6k .29 .95E .31 8,38
A 1314 (@) 39.74%1.30  6.44+3.19 37.8843.37  1.90% (80  3.2231.58 .02k .02 2.26+ .75 .J6k .46 1.77
A 15 (m) 52.56 11.45 18.10 1.00 2.62 .21 464 96 8.46
A 16-17 (@) 59.9%2.77  14.30% .52 6,6541.36 o35k o013 2.1H2.00 .15t <06 3.6é% 38 403+ .07 B.61
c 7-18 (E) 4B.4631.18  6.91% .46 29.96+1.84 2.474 .28 W96+ .10 .06 .03 2.1B% .72 ,82% .13 B.19
¢ 11-15 (£) S6.&7T42.86  5.81#1.32 22,7142:38  1.17+ .33 2.7142.01 .08+ .0B 2.24+ .26 1.02+ .32  8.48
DCY 3489 1063 B 15 (m)  49.67 5.68 26.38 1.87 3.87 0.0 2.51 1.87 8.16
B i;-gg. (E) 47.6042.07  4.8641.13 29.13+4.47 4.7841.93 1,30+ .18 A 3.60¢ .46 61 59 8.13
DC6 3581 1081 A 27,28,31  (E) 53.7846.18 13.17+ .94 9.91+ .86 1.13+ .41  7.60+ .98 HA 3.97+ .36 1,89+ 45 8.35
A 26 (m) 55.13 17.88 419 3 6,85 TN 5.09 1.68 8.75
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TABLE 6 (Cont.)

CHBMIGAL COMPOSITIOR OF CLAYS

Sample o

Analysis  Number

510,

Al03

Fey03*%

Mg0

Bag Naq0 Xy0 Hg0

Dc6 3581 1091 B 9,12 () 54.2944.66  5.22+ .52 20.24% .61  5.004 .34 9% .25 MA 0.66+ 0L 5.45+ .71  B.34
B i:-;:, (£) 63.1443.91  5.5442.72 12.90+3.31  3.4E4 .97 6B 40 WA 0,874 164 457+ .82 8.74

D6 3636 1108 A 12-13,15  (m) SL.BOXL.O5  6.35k .25 22.4343.26 6.83+1.3%  3.3%% .57 0.0 1.09 .36 <95+ .61 8.36
A 14 () 45,95 7.30 25.42 8.14 1.47 0.0 1.79 1.75 8.19
A 17 () 46,02 7.06 26.71 7.53 1.62 0.0 1.75 1.13 8.18
B 1 (v) 55.04 9.22 17.29 4.04 1.31 04 1.39 3.4 854
B 2-6 (v) 55.1082.91  9.12+ .61 17.5642.04 3.80+ .29  1.57% .56 WA 1,374 +20 2.94% .71  8.54
c f;D,;l (W) S1.9742.57  6.34t1.23 25.0842.26  2.62% .46  3.15+ 96 0.0 1,96k «A7 oSkt A4 8434

-1

D6 3684 1123 c  31-35 (E) 49.06£2.89  6.26+ .41 26.3241.67  S.l6kl.1l  2.50¢ .31 .06 .06 2.33 -4l .05+ .06  8.26

BC6 3761 1146 3 7-10 (v) 49.1742.03  14.51£1.92 11.7841.63  3.50£.72 70224125 J06+ J08 353 <24 158k 53 B.4S

DC6  3761X 1146 A 23-28 (¥)  47.1741.13  B.68+ .23 20.63#2.20 10.11#1.45  1.72% .44 0.0 1601 +28 1.68+ 90  6.32
A 29,31 (v) 50,60t .39  7.78+ .24 18.3842.26  R.6241.27  1.5% .06 0.0 1.374 403 3.30& .47 8,38
A 30 (v) 49.19 %10 ,  14.26 6.21 t.13 0.0 1.95 2.85 8.30
A 22433 (v} 51.94% B4 9ellk .13 16405+ .27  6.28+ .49 2,114 .95 .02+ .02 .97+ .20 5.1% .02 8.39
A 34-38 () 42.1742.28 9.1% .86 26.6043.11  9.8141.16  1.30% .40 .03+ .07 2.7%+ .47 Okt 08 814
B 12416 (=) 50.5942.40 13.16+1.57 12.43#3.32  3.0741.09  6.01+1.14 .08+ .08 3.35% .69 2.91% .99 8.43
B 18-20,2% (v) 43.08£1.83  B.32+ .81 25.04%2.11 11.50% .95  2.15 .19 0.0 1.72% 10 0.0 8.19
B 27-28 (V) 41.8081.63  B.76k .66 27.1942.79 10.00+ .53  1.46% .05 .01% .01 2.6&% -21 0e0 8.11
8 29 V) 43,07 8.81 26.20 10.02 1.48 .03 2.21 0L 8.17
3 30 () 42.93 8.75 26.59 9.92 2.00 0.0 1.63 0.0 8.17
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TABLE 6 (Cwmt.)

CHEMICAL COMPOSITION OF CLAYS

Sample o Anglysis  Number $10, Al,05 Pey0q* Hg0 Cal Ba0 Nay0 K0 H0
DC6 3861 1177 B 9 (@) 63.34 10.12 8.28 «22 2,07 .12 3.14 3.88 8.83
3 10-11, (m)} 51.0843.32 657+ 493 26.11L%3.60  1.70% .66 1.88+1.58 0% 05 2.B8+ .38 1.4B+ .22 8.26
13~14

B 12 (m) 57.82 8.44 13.72 «66 3.95 07 2.16 4,65 8.52
B 16-17,19 (£) 46.3041.74 7422+ .35 31.71+ -62 2404 .25 <52+ .06 <06 .06 2.16% .73 1.56+ .62 B8.09
DC6 4220 1286 A 21-25 (V) 51.0841.56  3.734+ .20 31.934 64  1.79% .07 296+ .10 A 2.19¢ .58 .09+ .02 8,21
A 26-31 {v) 51.88%1.52 3.74% 0B 32,074 81 1744 .13 1.10+ .06 NA .10+ <42 o114 .03 8.26
A 32-34 (v)  52.1147.62 4.86+1.39 29.9345.88 1.80+ .30 1274 <26 NA 1.40+ <18 34+ .33 8.30
B 16,18,21 (m) 61.09+1.46 8.03+1.23 14.06%3.63 1.80+1.09 3.1541.51 HA 2.1041.33 «99% .10 .78
B 19,20 (£) S&.54% o10  &.31% 210 28.21% .99 1.83+ 07 336 .26 WA 1138 420 .23 .01 8,39

Legend

* Total iron calculated as Pe,Cq
** Stoichiometric Hz0
sapple nurber of electron microprobe analysis

Number
A B X
(84}

{£)

(m)

standard deviation

additional sectiom at specified depth

vesicle
fracture
matrix
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TABLE 7

CHEMICAL COMPOSITION OF PLAGIOCLASE

Sample

Analysis

Number

510,

ALy04 Peg03* g0 ca0 Ba0 Nay0 K0 Total
DC2 2507 764 A 22 57.32 26.50 1.19 14 9.34 A 5.54 .51 100.54
s 23-25  58.05 .79 26.44k .66 1,65+ .50 3Lk .22 9.62% .33 NA - 5.224 .12 .48k .06 101.77
A 28-29  60.6L% .99  24.04+1.24  1.16% «66 15+ .16  1.21% .07 HA 6.76+ .27 .79% .06 99.72
Dc2 2926 892 B 9-11  S4.791.35  27.28% .75 .81+ .05 .12+ .01 10.4541.05 .0kt .03 S5.46+ .35 .5kt .14 99.49
DHA 26466A 752 c 1,3 56.3242.88  ©6.3233.37 136k .40 .19+ .08  B.8552.68 .07+ 02 6.05+ .98 .0kt .43  100.08
DES 2633 803 A 1 55.12+1044 26,10+ .49 Lo15t J14 W11k 07 9184+ .47 L02% 02 6,00+ .23 A3 .07 98.19
DHS 2668 813 A 15 51.82 23.10 4.85 2.81 10.77 .00 4034 .35 98.03
B 11-14  55.08+ .88  27.53k .32  1.05 .11 .18+ .06 10.37+ -06 .05 05 5.73 .15 .4kt .05  100.43
DC6 2011 613 D 2-8  54.7741.10  28.4B+ .46 W96+ .18 16+ .03 10.61+ .42 .00 5.28+ .23 .4+ .07  10D.63
R :;5;3. 56:65+1.01 25,184 o80 1.5Lk 27 184 .05 9.03k +82 <05 .05 5.8+ .52 .Skt 108 98.98
E 11 53.67 19.44 6.55 2.58 11.63 04 4.83 43 99.17
¥ 1-20  55.04+1.39  25.85+ .82  1.8141.43 .25+ .21 9.96+ (B2 WOkt O 5.374 .35 .46k .19 98.79
DC6 2053 626 E 2-4  55.1741.63  25.9041.64 1.4841.07 0.3+ .33 9.75% .47 0.0 5,28t .79 61 49 98.53
E n 56.66 25.90 .84 .09 .90 .08 634 .57 99.38
X6 2156 657 B 10 sz 27.90 1.65 Y 11.81 .01 427 .55 98.11
6 2279 635 B 1-5 53.32% .69 2B.65% .74 o784 .13 1% 0L 11.5&t 40 0.0 4574 ,22 524 .25 99.75
c 15,7 527541400  29.5641.27 1.10% .32 274 »09 1l.Be% 70 =02+ OL 445+ .21 .59k .34  100.66
Di6 2282 696 c 1-6,8  55.36+2.88  26.88£2.36 1.23 .46 .32+ .31 9.98£2.38 0.0 5.50¢ .98  J55% .39 99.92
G 1~2,4,6 SL.B241.70  28.64% +60 .99+ .33 .17+ .06 L1.4kE .42  .O7% .07 5.03% .09 .40 .12 98,53
G 21-25  53.084£1.02  29.04% .12 .80% .12 .15+ .04 11.64+ 08 0.0 4914 .03 .30¢ .03 99.93
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TABLE 7 (Cont.)

CHEMICAL COMPOSITION OF PLAGIOCLASE

Sanple

Analysis

Rumber

510,

Fep03*

Mg0

Al704 BaQ Raz0 Kp0 Total
DC& 2403k 732 B 25,27-30  53.48+1.37 28.7542.19  1.64%1.04 233 .14 10.5%41.58 0.0 5,45+ .55 <48+ .16  100.71
D 8-15 54.331.11 28.1642.06  1.54t1.55 0.0 10.93+ .89 0.0 4,99 .37 «43+ .13 100.80
DC6 2466 751 D 19 55.30 28.41 «85 14 10.63 +07 4,78 okl 100.59
D 20 59.03 25.41 .80 -03 7.16 <04 6.37 «79 99.64
o 31-35 53.25% .67 28,77+ .54 1.1t .51 +09+ .08 11.18¢ .36 203+ (02 4.62% .15 40t .11 99.45
E 1-2,8~15 53.61+ .83 27.83% .67 <98+ .26 «09% <03 11l.11%+ .57 <05+ .02 4.768% .30 «36% .03 98.81
E 1-2 54+42% 70 27.08+ .01  1.03 .93 «06+ <04 10.37% ,11 <08+ .02 5.15+ .16 kbt .07 98.63
E 8=10 53.13 .72 27.93+ .97 1.06% .51 +10+ <03 11.51% .46 W05+ .03 4.56% 419 34t .09 98.68
E 13-15 53.7611.08 28.12+ .59 «87+ .08 <08k «02 11.04t .62 «0dt .01 4.81+ .37 «35¢ 02 99.07
E 20 53.06 28.02 +89 =12 11.48 .07 4062 «23 98.54
E’ 26 53.54 27.97 1.04 «09 11.26 «04 4.75 «33 99.02
S 2533 7172 c 6-10 55¢1042.92 28.15+1.48 91+ .06 a15+ .06 11.2641.78 0.0 5.35+1.02 <304 .14 101,22
DC6 2695 821 B 15 53.91+ .54 27.97% .57 +S57% .03 «174 01 11.96% +77 Ok JOA K072+ .28 «26+ 0k C:60
B 10-16 53.0941.07 27.70+ .63 +88+ +50 023+ J14 11.95+ .51 0.0 4e63% .12 +33+ .15 98.81
B 20-21 57.5541.39 26.2541.46 »91+ .17 «12+ .08  9.35H1.03 0.0 5.93% .76 <46+ .10 100.57
c 28,34,35 52.16+1.29 28.18+1.75 T4 012 «13+ .02 11.3741.30 0.0 Aedlt 63 «26t .07 97.28
C6  2977A 907 B 1-6 53.41+ .99 26-194 71 1.38+ .21 22% .07 10,30+ .57 <06+ J04 4.94% .35 «27+ .07 96.77
D 19 55.12 27.45 <96 «19 11.81 02 4.91 «23 100.69
D 20-27 52.92% .64 27.34+ .29 «76F 13 P13k 403 10.49% .74 <05+ .07 S.12+ .44 23+ L01 97.04
E 1-2,5 53.3241.40 27.9%+ .60 944 .17 «18% -05 11.95+ .19 W01+ .02 4424 .13 «12+ .05 98.93
DC6 2977B 907 B 1-4 54.01+1.13 28,79+ .50 B0+ .08 «23% .05 12.00% .08 o2k .04 4.5BE .19 «19+ .05  100.69
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TABLE 7 (Cont.)

CHEMICAL COMPOSITION OF FLAGLOCLASE

Sample

Analyais  Number

510,

Aly03

Pey0y* Hg0 €a0 Bal bay0 Ey0 Total
DC6 29778 907 B 13-14,16  53.6741.24  21.89% .69  6.46+ +53  L.29+ .30 7.78+ .19 0.0 400+ .17 1.67+ .35 96.85
c 2-4 53.5641.37  28.89& .77 .82t .19 .19 .02 12.23#1.00 .06+ (06 .60+ .31 .26+ .22 100.63
c 9-10 54197k 440  28.2741.21  1.04+ .05 .18+ .08 10.7541.94 .02+ .02 5.27+ .98 .40+ .01  100.99
c 17 53.06 24.83 4,10 1.90 11.04 .09 3.98 .76 99.76
Dce 2999 914 B 1-2 53.45 .90  27.72# .02 .88t .19 1% .01 10466k .28 .02+ .02 S.44% 28 .36+ .01  98.66
B 34 560208 .57 29.06% .47 .92+ .32 15k .06 11.62% .22 .04+ .01 5.07+ .23 .28 .01  101.32
B 11,13-14  54.53 .23 2B.B1% .34 1.20+ .38 .16+ .02 11.46+ .25 .03k .03 S.24+ .31 304 02 101469
B 1617 54704 «22  27.74% 429 155k .11 021k 402 10498+ J08 1064 402 5.26+ 421 oS58+ .23  101.05
D 16,18-19 5893k 493  26.0281.43 .86+ 231 12+ W04  B.734 .42 05+ 04 6.04 .47 .75 .30 10151
6 3136 955 B 12,58  54.20% .82  26.7641.32 2.1141.07 .34 .22 10.49% .54 'Y 5.21% »25  o51E .15 99.62
B 10,14 58.52% +26  23.04#2.55 3.1042.B3  o24% 421  7.80% 55 L'} 6.74k 266 o80% .01  100.24
» 1,3-4 57.21#1.05 26461+ .95 1.40k 234 21 o15 10.35+ .62 7Y Sehét o55  .46% .10 101.68
6 3220 981 A 18,20-21  55.1341.42  26.94+l.44 151+ .14 22+ .13 10.21% .62 Okt <04 S.43 420 .28+ .10 99.76
6 3621 1042 A 8 58.21 23.28 L.14 .07 7.28 22 6.86 .98 98,01
A 14 56455 25.97 1.74 .21 9.15 .05 5.02 .58 99.27
B 19,3033 56.2641.28  26.03k1.06 1.37+.72 .32+ .42 10.36+ .36 .03% .03 S5.30+ .18 .42+ .09 100.09
Dc6 3581 1091 B 1-3,5-6  55.50 21.79 1.11 .21 10.23 NA 5.53 43 101.80
D6 3636 1108 A 1-3 55.91#1.35  26.90% .19  .74% .04 .16% .04 10.9B+ .29 0.0 S.11+ «08 474 .03 100.27
A 6~9 55.484 <84  27.10+ <63 82¢ o1l .20& (02 10.78+ .35 0.0 5.25+ <15 .54t .07 100,17
c 1-5 56,12+1.52  27.68+ oS1 .74k o07  J15% 402 10.9B+ .27 .04t .05 5,29+ .20 o34t .06 101.34
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TABLE 7 (Cout.)

CHEMICAL CO4POSITION OF PLAGLOCLASE

Sample

o Analysis  Bumber $105 Al;04 Feglq* 50 Cal Bal Raz0 Ry0 Total
DC6 3684 1123 1-5 562741448 27.31+ .86 1.07+ .25 o174 .14 9.61% .93 <10t <04 6.04+ .63 .26¢ J11  100.83
27-30 55.67+ .15 26.63+ .48  1.19+ .25 W4+ 09 9.864 .95 «02+ .02 5.92+ .26 33+ .04 99.76
DC6 3761 1146 14-18 56.15+ .86 27.3L% 74 <90+ .04 «19+ <05 10.98% .32 +19+ 017 5.15+ .17 oAbtk 221 10131
3761X 1146 2,5-7 55.88+1.07  27.02% .76 B2t <04  ol4k 02 10.60+ 428  J05k <04 5.87+ .15 36% 05 100.74
Dc6 3861 1177 1-2,4 56411+ .54 26.51% .56  1.16% .12 «11+ .03 10.15% .19 +0%+ .08 5.39% .19 Akt 08 99.596
5-6,8 57.611.43  25.27¢ 468 1.25+ .40  J15E 407 10.0581.00 <Okt <05 S.82 .47 474 .09 100466
1,3-7 570264 74 25.25+1.04 1.43 .43 16+ 012 8.774 .67 Jlht J11 5.88+ .37 .92+ W42 99.73
DC6 4220 1286 1-2,4=5,810 54.76% .52 28,05+ .58 85+ .11 <10+ 03 10.58+ .52 NA Sehédt .22 +47% 210 100.25
5-9 5447441.07  27.76& +42  1.06+ «48 o1l .03 10.59+ A1 WA Se36+ 415 .39 .08 100.01
Legend
* Total irca calculated as Fey0y 1
Number = gample number of electran microprobe analysis
= gtandard deviation
A, By X = additional section st specified depth
(&) = veaicla
(£) = fractura
(m) = patrix
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TABLE 8

CHEMICAL COMPOSITION OF CLINOPYROXENES

Sample [ Analysis  Number $10; Alj04 Pe0* Mg0 <ca0 BaQ Naz0 K20 Total
DC6 2464 751 E 11-12,16  50.00+ .48 5.28+1.82 14.3241.08  14.82#1.83  15.2841.82 0.0 221+ .01 <04 .02 99.95
DC6 2533 772 c 13,15 52,04t .28 76t .26 22.15+ .02 18.63+ .50 5.67+ .22 0.0 oll+ .03 .00 99.36

c 14 51.68 1,50 17.70 15.83 12.65 0.0 «24 0.0 99.68
DC6 29778 907 c 6-8 51,79+1.55 1.79¢ .35 13.5542.18  16.34#l.44  15.4543.31 +01% .01 +23+ .05 0.0 99.16
DC6 2999 9L4 A 13,15 52.0341.71 1.69+ .40 12.34¢ .62  17.4741.07  16,58+1.54 <00 <22+ .02 0.0 100,33
A 14,16 51.71% .23 1,23+ .09 20.7941.12  18.2741.91 8.87+ .83 03 W04 .16% S0L «0Lt .01  101.07
A 17 50,79 2.85 16.84 13.53 15.17 «04 <63 «09 99.94
B 5-9 51.10+1.44 1.29¢ .19 19.67+ .B9 16.96+2.84 10,23+2.68 402+ +02 194 .05 =014 .01 99.47
B 15 51.82 1.58 15.67 17.01 13.61 «03 «21 0.0 99.93
D 14-15 52.83+ .46 <91+ .05 19.4241.29  19.4411.35 7.35¢ .11 «02+ -00 .12+ .00 «02¢ .01  100.11
D 28-24 51.72¢ .77 1.5% .27 11.94+1.16  17.20+ +73  16.6641.79 .00 +22+ 403 «01% .01 99.34
DC6 3734 955 D 6-7,10-12  52.60+ .86 1,61+ .28 19.2942.58  14.4642.02  12.9344.00 HA »20+ +08 +0L+ .01 101.10
DCH 3421 1043 A 3=4 52.16% .78 1.40+ .06 17.1142.54 ﬁ.ZJi 66 14.3041.57 <03 .00 .20+ <08 0.0 99.43
DC6 3489 1063 B 18 49.36 1.64 19.51 11.77 15.88 HA +67 0.0 96.83
DCe 3636 1108 c 6-7 52471t .19 «94+ .05 1855+ .11 21644 215 4042+ 04 <02+ .03 .02t .01 +0 .01 98.31
DC6 3684 1123 c 36=40 50.20+ .62 2.04+ .93 15.3141.29  15.0741.44  15.1241.20 03 .06 .37+ .13 0.0 98.14
DC6 3761 1146 B 1,3-5 51.32% .96 2.63 .51 12,06+1.43 164774 +69 16.2542.28 «02t .02 .25+ .05 0.0 99.50
DC6  3761X A 3,6 51le3141.43 3.25+ .64 11.874 .82 14.96+ .27 17.20+ .18 <06+ <08 .32+ .01 0.7 98.97
Legend

*Total iron calculated as FeQ
Number = sample numbers of electron microprobe analysis
+ = standard deviatienm
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TABLE 9

CRYSTALLIZATION ORDER IN DC2, DC6, DH4, AND DHS
DETERMINED FROM THIN SECTION PETROGRAPHY

Sample Depth (m) Crystallization Sequencea
DC2 2240B (£f) 682.8 Cl - C7
DC2 2282B (£) 695.6 21238 =~ Sg
DC2 2314A  (f) 705.3 )z
DC2 24484  (f) 746.2 C1z)
F(f) €15,
DC2 25074 () 764.1 C18;
DC2 25614 (f) 780.6 C12)8)89
B (f) Cc) - C3lel
DC2 28834 (f) 878.7 €12,85)
DC2 2926B (f) 891.8 Z)C;
DC2 2319C  (v) 706.8 C)Cy2)
D (v) C] - C32)
DC2 2359A (v) 719.0 C)2,Cy
B (v) C1Z)
C (v) C121C2
DC2 2366A (v) 721.2 €122,
C (v) C12y
DC2 2402D  (v) 732.1 C1Z1Co/8)
DC2 26320  (v) 802.2 C12,Cy
E (V) CIZICZ
G (v) €12,Cy
DC2 2666B  (v) 812.6 C12)5) - 83
C (v) clzlsl - S3
DC2 2803D  (v) B54.4 C; - €421Cy
DC2 3264B  (v) 994.9 Cy = C321258
D (v) C - C32122S1
E (V) Cy - C3Z)Z55;
G (v) C; - C321Z58)
I W) €] - C321258;
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TABLE 9 (Cont.)

CRYSTALLIZATION ORDER IN DC2, DC6, DH4, AND DHS
DETERMINED FROM THIN SECTION PETROGRAPHY

Sample Depth (m) Crystallization Sequence
DCH 2403XA* (£) 732.4 €121
X () Cy
DC6 2533B  (f) 772.1 Cc; ~C3
D (f) €] - C35183
DC6 2977AB (f) 907 .4 CiCy
BB (f) o}
DC6 2999%A (£) 914.1 Cy
B (f) €1C4
DC6 3134A  (f) 955,2 1 - €32y
B CICZZI
DC6 3220A (£) 981.5 CyCy
C (£f) Clc?.zl
DC6 34898  (f) 1063.0 Cy
DC6 3581A  (f) 1091.0 €124
B (f) €12;
DC6 3684F  (f) 1123.0 12,
c (D) C
DPCs 38613 (f) 1177.0 C12;
DC6 2011D  (v) 613.0 €€y
E Q2] CICZ
F (v) C1C2
DC6 2053C  (v) 625.8 €1 - C4
E (v) Cc] ~ €4
DC6 2156D (v) 657.1 C; - C32
E (V) czcazjzz
DC6 22794  (v) 694.6 €12,/€y
A% (v) €121/€3
B (v) Gy
c (v) Gy
DC6 2282C  (v) 695.6 €1652,5,
. (v) €1Cy218;
HE (v) C1CZ 515,
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TABLE 9 (Cont.)

CRYSTALLIZATION ORDER IN DC2, DC6, DH4, AND DHS
DETERMINED FROM THIN SECTION PETROGRAPHY

Sample Depth (m) Crystallization Sequence
DC6 23304 (v) 710.2 C1
B (v) Cy
DC6 2403XB (v) 732.4 €125
XD* (v) C12)5)
DC6 2464F (v) 751.0 ¢ - C3
F (v c) - C3
DC6 2695A* (v) 821.4 C) - C3Z1Cy
ck  (v) €] — €3Z,Cy
DC6 2577AE  (v) 907.4 ) - €32
DC6 3421A (v) 1043.0 Z)Zy
B (V) 1043.0 7125
DC6 3636B  (v) 1108.0 £;2)5),Cp
DC6 3761B (V) 1146.0 CiCy
XA (v) C1C3
XB (v) C} - C385)
DC6 4220A (V) 1286 2C;
DN4 2438A (v) 743.1 C1Z
DH4 2466AB (V) 751.6 €12
AC  (v) C1Z1C231
BC (V) € ~ C3Z)
DH5 26334  (v) 802.5 c/8;
Legend
C, = nth generation clay
Z, = nth generation zeolite
Sy = nth generation silica phase
(f) = fracture
(v) = vesicle
/ = phases are intergrown
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TABLE 10

ESTIMATES OF RELATIVE AMOUNTS OF SECOHDARY
MINERALS IN FRACTURES OF DC6 FROM POINT COUNTING

Green Non~Green
Sample Cluy Clay Clinoptilolite Silica

DC6 2977 AB 39 61

nce6 3220 C 1 68 31

DC6 2403 XD 50 59

DC6 3489 B 100

DC6 2533 68 32
DC6 3134 B 59 41

DC6 3581 11 27 57 5
DC6 3684 B 45 55

DC6 3684 C 100
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TABLE !1

WET CHEMICAL ANALYSES OF FedQ, Fe203, A1203 AND
CATION EXCHANGE CAPACITIES FOR SELECTED CLAYS FROM DC6

OXIDE WEIGHT % CEC (meq x g 1)
Fe,0, Fe0 AL, ca M, K XRD

Dee 2279 (U) 14.06  4.89  7.06

(P) 11.31  5.91 7.04 - - - IF
D6 3135 (1) 12.30 3,95 8.78

(p) 11.06  4.10 8.57 78 93 109 s
DC6 3324 (U) 18.51  4.46  6.69

() 1791 3.44 6,76 95 130 135 §,C,F
DC6 3608 (U) 20,67  3.68 7.72

®) 21.64  2.80 7.38 93 103 113 €,5,Q,F

Legend

unprocessed
processed
smectite
clinoptilolite
illite
feldspar
quartz

OMmHOmY o
L T
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DC6 3538 S4 200X

XBB 795-7476

Figure 3
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DC6 3387 S2 125X
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Figure &
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Figure 5
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Figure 6
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XBB 795-7459

Figure 7
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DHS 2620 S5C 206X
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Figure 8
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DHS 2643 S2A 100X XBB 795-7461

Figure 9
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Figure 10
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Figure 11
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Figure 13
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Figure 16
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Figure 17
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Figure 18
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Figure 19
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Figure 2i
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Figure 28



-103-

o . 4.

S~

DC2 2632 E 125X
o .

g -

DC2 2632 G 150X DC2 2666 B 1254

XBB 795-7505

Figure 29



-104-

DC2 2666 C 150% DC2 2803 D 150X

DC2 3264 B 100X DC2 3264 D 50N

XBB 795-7515

Figure 30



-105-

, w ’_I‘
DC2 3264 E 125X

DC2 3264 I 150X DC6 2811 D 150X
XGB 796-7516
Figure 31



DC6 2053 C

-106-

150X

DC6 2011 F 75X

N

DC6 2053 & 200X

XBB 796-7514

Figure 32



-107-

OC6 2278 Ax 150X

XBB 796-7512

Figure 33



-108-

D06 2282 Cx 1255 DG 2282 Cxx 75X

XBB 796-7513

Figure 34



~109-

oC6 2282 Hx 150K oC6 2338 A 109X

DCH 2330 B 106X DC6 2403 XB 159

XBB 796-7511

Figure 35



~110-

Co 2493 X0x 23

AP o~ o :
JC6 2464 D 150K OC6 2464 B 1527

XBB 796-7509

Figure 36



-111-

208 2655 Ax 50

200 2695 Cx

XeB 796-7510

Ficure 37



-112-

DCB 3421 A 175X
P S S

%

- ,_-..:;0 .

fﬂr'i .’-ﬂg *.

DC6 3636 B 150X DC6 376! B 50X

XBB 796-7508

Figure 38



DC6 4220 4 50X DHA 2438 & 1307

) T JU/,
XBB 796-7521 Figure 39



114~

ey r : \’ N " .
DH4 2466 3C 125X 945 2633 A 75k
XBB 796-7522

Figure 40



-115~

DC2 2282 3 500

STt I L IR o
202 230e L 12h D2 2448 L 42y
XBB 796-7520
Figure 41



-116-

ArS 0TaT ix 10D

DCZ 2448 F :58% Juo LY.

DC2 256% B 158X

XBB 796-7503

Figure 42



-117-

\

LN
cJ

C2 2883 A

D

v
1))

i

K
m
oD
o
[Kp]
[QN]
(e
[
[

XBB 796-7504

Figure 43



-118-

DCH 2977 BB 150X oC6 2999 A 206X

XEB 796-7502

Figure 44



-119-

DCB 2985 B 150X

XBB 796-7518

Figure 45



-120-

006 3581 A 150%

X3B 796-7519

Figure 46



-121-

t

DC6 3684 C 150X DC6 3861 B 150X

XBB 796-7517

Figure 47



-122~-

oCb 2282 Gx 150X

DC6 2533 C 150X DC6 2695 B 175X

XBB 796-7500

Figure 48



~123~

\ 7
A

0C6 2977

1755

DC6 3636 A

150X

DC6 2999 D

XBB 796-75M1

Figure 49



-124~-

DC6 386: C 150X

DHS 2668 3 ;58X

XBB 796-7499

Figure 50



Weight % oxide

~12>-

Fracture
L] I ¥ ] L] 1 L] L L ]
{
[~ DC6 3581 A Zeolite |
si0,
L i [ L 1 H [1 i [
02 3 45 6 7 8 910
Rel. Dist.
L] T 1 T 7 1 L T ¥
DC6 3581 A Zeolite
A1,0,
Feg1 __ 2
A k0
}‘fE‘ﬂf'
P
1 L 1 L 1 1 (] 1 1
01 2 3 4 65 6 7 8910
Rel. Dist.
I ] ] L] T v 1 ¥ L]
DC6 3581 A Zeolite
Ca0
Ba) — - —
}_kx-—'I
1 ] L | - 1 3L
01 2 3 45 6 7 8 910
Rel. Dist

Weight % oxide Weight % oxide

Weight % oxide

Vesicle
75 T T T ] v LA
or -\ ]
65 - N
60 DC2 2359 B Zeolite |
si0,
55 T S N NNV NN W T W 1
0( 23 4 56 7 8 910
Rel. Dist.
10 Y L SO L T T T
pC2 2359 B Zeolite
A1203
—-——Na20
—-—K,0
2
st -
TSI
0 S N R B N N S B |
01 2 3 4 5 6 7 8 910
fel. Dist.

5 T 1T T° 1 1 1 T
DC2 2359 B Zeolite
ca0
Bal) ———

—_—
0 | N T T WY NN M SN S
0 1 2 3 4 5 6 7 8 910
Rel. Dist.

XBL 799 - 2986

Figure 52



Weight % oxide

Weight % oxide

Weight % oxide

Vesicle
70 T T T T T T T
DC6 2403 D Clay
65 - $i0, N
60 F -
55 1 PO i I
50 b
pal 1
40 L. -
35 [T WS N B U N S |
02 3 4546 7 88910
Rel. Dist
Br—r—TTT T T T TT
20 L DC6 2403 D Clay |
25 .
£ s 1
sk A1203 i
Fe203 —
0r Mg0 —-— ]
5 T~
ol ¢ 4 2 3 4 1 b 1}
01 2 3 4 5 6 7 8 8 10
Rel. Dist
15 T T T T T
DC6 2403 D Clay
Cal
Nazt‘ —-——
10 —— -1
KZO
BlF e T -
e
oL T T T T
0 1 2 3 4 > 6 7 8 8 10

-126-~

Weight % oxide

Weight % oxide

Weight % oxide

Vesicle
70 T T T T
DC6 2279 C Clay
65 SiO2 —_— ,
60 I__I\ 4
55| 4
50 | 4
45 -
w -
K3 L2 2 | Y W I N 1
o“_éz 34 56 78 910
Rel. Dist.
35 ™ T T 7T 7T
DC6 2279 C Clay
0 ‘
25 -
2k 1
i I“f" A1203__.
5 * Fe,0 ]
23—=—=
10} M0 —-—
5F 3= y
0 A DS N AU NN N S N |
0 123 4 5 6 7 8 9 10
Rel. Dist.
15 T T T T
DC6 2279 C Clay
Ca0 —
Nazo -
0 —_— b
FE= K0
5 i
Ol _==w—e 1 4 1 ) 1
0 12 3 4 5 6 7 8 910
Rel. Dist.

XBL 799 - 2989

Figure 51



ey -
e <

Weight % oxide

Weight % oxide

Weight % oxide

[=2] ~ ~
(5} (=] o

D
o

&
or
oF
ok
whk
b
o

-127-

Vesicle
L) ) L} L) L L ] L LI |
DC2 2366 C Zeolite
S1'02 —_—
L J

L [] L
6 7 8 910
Rel. Dist.

T 1T T T
DC2 2366 C Zeolite

e e ™™
—_— A1203-

r‘ —— Na20

~= T

Rel. Dist.

T T T T T 17 T 71
DC2 2366 C Zeolite
Caf =——

BaQ ==~

N

~-
—~—
—— e,

bt
I TN S I SO Sy T B
7 8

01 2 3 45 6
Rel. Dist.

1
910

Weight % oxide

Weight % oxide

Weight % oxide

Vesicle
BT rrr LT T
DC2 2666 C Zeolite
5i0, ——
0 T
sk -
oy -
55 L to 0§ & & & & 3
0(152345678910
Rel. Dist.
10 T 1T § 1. v 71 1 L
DC2 2666 C Zeolite
— A1203
N~ S
L ——K0 |
——f gk
‘~‘“'!’I--—-I
0 L1 ¢ 3 ) & 1 3 ¢
0 1 2 3 4 5 6 7 8 910
Rel. Dist.
5 T T 1T 17T 7 17T 77T
DC2 2666 C Zeolite
Ca0 ——
8a0 ———
~—EFF==
oL T T L
01t 2 34 5 6 7 8 910
Rel. Dist.

XBL 799 - 2982

Figure 53



Weight % oxide

Weight % oxide

Weight % oxide

Fracture

75

70

65

60

T v T T 7T 71
DC6 2403 D Zeolite
S'i02

55

10

1 1 1 1 1 L1 1
0@2345678910
Rel. Dist
1 1 1 1 Tt 1 i

DC6 2403 D Zeolite
A'|203
—_——— Na20
\/‘\ —_———— KZG

S S S N NN N N O |
01 2 3 4 586 7 8 910
Rel. Dist
1 T 1 1T T 17

DC6 2403 D Zeolite
CaQ ———
BaQ ———
_/\/
1 L1 [ 1 1 ] 1 L
01 2 3 45 6 7 8 910
Rel. Dist.

-128-

Weight % oxide

8

Weight % oxide

Weight % oxide

75

70

65

55

Vesicle
T T 1 . 7 7=
DH4 2438 A Zeolite
SiO2
-l

VT

1 1 1 L
6 7 8 910
Rel. Dist.

4l o4

Lt
M2 3 4

L) [ N R | L] T L

L]
DH4 2438 A Zeolite

A1203
———
§a20
—_—-— 1(20 i
———“\\_f’\\\
—._______._/’/
S W RS NN WS W N N |
1t 23 4 5 6 7 8 910
R:l. Dist.

T T T T
DH4 2438 A Zeolite

Ca0

BaQ ———
—
| N N N N S BN B N
1 2 3 4 5 6 72 8 %10

Rel. Dist.

XBL 799 - 2983

Figure 54



Weight % oxide

Weight % oxide

Weight % oxide

70
65

55
50
45

35

35
30
25
20
15
10

15

10

~129~

Fracture
L) 1 Ll T T 1 T ¥
N DCG 2533 B Clay
5§10, — N
1 R B N | 1 1t
1 234 5 6 7 8910
Rel. Dist.
T ] 1 1 ) T 1 T L]
| pC6 2533 B Clay
A1203
B - Fe203 —_—— -
- ’\ MQD = .
1 Lt | 1t 1__|___J
01 2 3 4 5 6 7 &6 9 10
Rel. Dist.
T ] 1 T 1 1 I Ll )
DC6 2533 B Clay
Cag ————
N Na 0 —=—= |
K0 —-—
ol o,
I [ S A WA S
01 2 3 45 6 7 8 9 1
Rel. Dist.

Weight % oxide Weight % oxide

Weight % oxide

25
20
15
10

15

10

rracture

DC6 2533 D Clay

5i0, ——

A -
1 1 1 3 1 1 1
1 23@656 7 8 910
Rel. Dist.
L B | T T T T T T
DC6 2533 D Clay
A1,0,
I_i_i Fe203 —_——— -
\i Mg —-—
z
~ T
__!./‘\.I -1
1 1 1 11 1 A1 L
123 4« 5 6 7 8 9 10
Dist.

Rel.

L) 1) T Ll A

DC6 2533 D Clay
Ca0

Na20——- i
KO0 —-—

T v ) oty

1 2 3 4 6 7 8 9 10
€|

. Dist.

XBL 799 - 2590

Figure 55



Weight % oxide

Weight % oxide

Weight % oxide

Vesicle
70 1 T L) T T L) T 1 )
R DC2 2319 C Clay |
65 510,
60 = -
55 I- 1
50 + -1
45 | b
40 2 =
35 ' W YN T WU R N S |
"0 1 (@3 456 78910
Rel. Dist.
35 T 1 T T v T T T 71
DC2 2319 C Clay
30 },z- A1,0, .
/
25 I/ Fe03 ——— -~
20 | Mg0 I -
15 -
10 o e T -1
5} o= .
0 [ N DU N N N G N |
01 2 3 4 5 6 7 8 9 10
Rel. Dist.
15 T T T 1 T 1 T 1 71
DC2 2319 C Clay
Ca0
ol NaZO'——— |
K20 ———
5k -
j—hr-{
0 o satsing wiit- oS NS RO D RN |
01 2 3 45 6 7 8 9 10

Rel. Dist.

-130-

Weight % oxide Weight % oxide

Weight % oxide

65

55

45

K]

35

25

15
10

o

15

10

Vesicle

v T ) T T

DC2 2319 D Clay
SiO2 7

] N 1 b 1 'l

-
L4 1}
1203 4

5 6 7 8 9 10
Rel. Dist.

0C2 2319 D Clay
A1,0,
Fey ———
Mo  —-—

-

1 __1
1 2 3 4

Lol 1
5 6 7 8 9 10
Rel. Dist.

T T T T

T L] T 1 ki
DC2 2319 D Clay
Ca0

Na0 ~=——

K0 —=—

1 1 1 1

11
1°2 3 4

i
5 6 7 8 9 10
Rel. Dist.

XBL 799 - 2987

Figure 56



Weight % oxide

Weight % oxide

Weight % oxide

-131-

Fracture Fracture
70 L T 1 L] L] L] L ) L] 70 Ll L L} Rl L] v L) v
DC2 2240 B Clay DC2 2561 B Clay
&5 510, b (] o §i0, —— 1
60 - T = 3 eof y
J - i
55 |- - 55
50 |- - £ s0f .
]
as - L ) .
40 - 4
35 12 L 1 1 1 1 1
01 20456 7 8 910
Rel. Dist.
35 LI LI L.
DC2 2561 B Clay
30 -1
8 25 I\ -
X \
S ot 5,{ —— A1,0; -
_; sk /-""I —_— F9203
® / —-—Mg0
2 w0l 4 i J
0 L1+ 1 ¢ 9 ¢ 1
0 12 3 4 5 6 7 B 9 10
Rel. Dist
B—r—TrT T T T T T S—rTT 7T T 7T 7T T
DC2 2240 B Clay DC2 2561 B Clay
Cad —— © ca0
- o ———
i Na20 ] % . NaZO
10 K0 —-— ° ier K0 T
2 ® 20 T T
£
K=
[
5 -1 = st -
0 e | ) ol _Frr= 111
01 2 3 4 6 7 8 9 10 0 1 2 3 4 5 6 7 8 910
Rel. Dist. Rel. ist.

XBL 799 - 2991

Figure 57 .



Weight % oxide

Weight % oxide

Weight % oxide

i5

10

Fracture

DC6 2999 B C

T

1 L] EJ L L |
Tay

10

o=
oY o
~
ok
Ok

1 ] 1 ] 1

DC6 2999 B Clay |
AT,0,
Fe,0y ———
Mg0  ——-— -

s
1S
~
ok
[{-3 ™
°

T LA 1

P

~ g

DC6 2999 B Clay
Ca0 ——
NaZO ——

K0 »=—=om

2

1 | | - [

0

e,

1 2 3 4

5 6 7 8 9 10
Rel. Dist.

-132-

Weight % oxide Weight % oxide

Weight % oxide

Fracture
70 T T T T
85 DU6 3134 A Clay |
—— $i0
60 2
55 i
50 -
45 -
40 -
35 10 . 1 1 1 & ¢ 2
0 1 234 56 7 8 910
Rel. Dist
35 T T T T T T .71 T
DC6 3134 A Clay |
r = A0, ———
25 —_——
\ Fe;04
20 Mg0 ~—-— 1
15 1
10
5 - A
0 ) - TS T R B
0 1 2 3 4 5 % 7 8 9 10
Rel. List.
15 T T T T YT
DC6 3134 A Clay
Ca0
o Na20 ——— ]
K20 ———

) I T I S N |
4 5 6 7 8 910

Re

. Dist.
XBL 799 - 2984

Figure 58



Weight % oxide

Weight % oxide

Weight % oxide

-133-

Vesicle
70 | T T T 7
DC2 2803 D Clay
65 510, —— 1
60 7
z
1
65 / .
50 -
45 ] .
40 -
<130 I VAN S SR S N NN T T
01 23@5 86 781910
Rel. Dist.
35 T L 1 1 L LR ¥
30 DC2 2803 D Clay |
A1,0
2 I 2”3 §
I /N %——-
20 \ Y/ Mg0 —-—
15 =
=
n N AN -
5 /N J
(o J T T T N TN W Y B |
01 2 3 4 5 6 7 8 9 10
Rel. Dist.
15 T T T T
DC2 2803 D Clay
Ca0 -
10 T
2
5 /]\ .
/ \
0 e = [ W N S
01 2 3 45 6 7 8 9 1
Rel. Dist.

Weight % oxide

Weight % oxide

Weight % oxide

Vesicle

8388 3

83

] g \J T Y
DC2 3264 D Clay
5102 T

] 1 1 L A

EEYOX

5 6 7 8 10
Rel. Dist.

35

25
20
15
10

DC2 3264 D Clay |
A]zo3
FeZOJ

Mgo — -7 L

[
5 6 7 8 9 10
Rel. Dist.

15

10

LI | T L] v

DC2 3264 D Clay

s 1 ¢

1 2 3 4

1 1
5 6 7 8 9 10
Rel. Dist.

XBL 799 - 2988

Figure 59



Weight % oxide

Weight % oxide

Weight % oxide

Vesicle
70 ™ T T T T T
DC6 2011 F Clay
65 | 5102 I
60 .
55 - ]
I\
50 -
a5t 9
40 f Z |
P e
35 1 I S S N T T |
0 1 (fi 3 4 5 6 72 8 9 10
Rel. Dist.
35 T T T Y T T T
30k -
25 F T T e ~
DC6 2011 F Clay
20F p,0, h
15| Fe0, ——= .
w0 M0 T .
ol e T— = ]
0 PR S ey S S |
o0 1 2 3 4 5 6 7 8 9 10
Rel. Dist.
15 T T T T T
DC6 2011 F Clay
Ca0
o} oy Z -
74
5 - 1:‘“\\'_!_/—’_'_“ -
7
7
e W — /
0L == |
01 2 3 45 6 7 8 9 10
Rel. Dist.

Weight % oxide

Weight % oxide

Weight % oxide

Vesicle

70 T T T Ty
DC_G 2695 C Clay
65 Zl 5102—— 1
60 4
55 I h
50 -
45 h
0 -
35 1.3 1 13 [ SR R M B
0 1 23@5 6 78 910
Rel. Dist.
35 T T T T T T
30 DC6 2695 C Clay
/\1203 ]
25 Fe 0y ——— .
20 l: M0 —-— “
st L1 :
X
10 1
5 ) .
0 [ S W I W B T R |
0 1 2 3 4 5 6 7 8 9 10
Rel. Dist.
15 T T T T T T T T
DC6 2695 C Clay
Ca0
Na20l —_———
10

XBL 799 - 2985

Figure 60



% DISTRIBUTION

19 2an3T13

32

2.

COMPOSITIONS OF FIRST AND SECOND GENERATION NONSPHERICAL ZEOLITES
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COMPOSITIONS OF FIRST GENERATION CLAYS LINING FRACTURES; DATA ON GREEN CLAYS EXCLUDED
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COMPOSITIONS OF FIRST GENERATION CLAYS LINING VESICL%S; DATA ON GREEN CLAYS EXCLUDED
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COMPOSITION OF ALL CLAYS FORMED PRIOR TO DEPOSITION OF ZEGLITE OR SILICA;
DATA FOR FRACTURES AND VESICLES HAVE BEEN COMBINED
DATA ON CLAYS WITH K*:Na* RATIOS >3 EXCLUDED
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RELATIVE MOLAR PERCENTAGES OF EXCHANGE IONS IN DC2 and DC6
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ZEOLITE Si:Al MOLE RATIOS
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ZEOLITE OXIDE COMPOSITIONS FROM DC2 + DC6
DISPLAYED AS A FUNCTION OF DEPTH
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CLAY OXIDE COMPOSITIONS FROM DC2+DC6 DISPLAYED AS A FUNCTION OF DEPTH
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EXCHANGE ION RATIOS IN ZEOLITES OF DC6
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BULK ROCK OXIDE COMPOSITIONS FROM DC2+ DC6
DISPLAYED AS A FUNCTION OF DEPTH
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