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Figure Caption 

1 Map showing location of cores discussed in this report. 

2 Location of samples taken from DC2, DC6 and DH5. 

3 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 layer whose surface is composed 
of 1 mm octahedra. Tabular clinoptilolite crystals 
overlie the silica. 

DC6 3538 S4 200X. Sample showing intergrowth of 
tabular clinoptilolite crystals and rosette-like clay 
spheres. Larger spherical aggregates of octahedrons 
are silica. 

DC6 2969 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. 

4 DC6 3387 S2 20X. Sample showing 600 um spheres and 
protrusions of quartz/cristobalite/tridymlte. A small 
amount of clinoptilo.lite is present in cracks between 
spheres. The fibrous clump is probably mordenite. 

DC6 3387 S2 125X. Higher magnification showing 
interior of silica sphere. Nodules within the sphere 
are smectite deposited during growth of the silica. 

DH5 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 DH5 2831 S5, Figure 5). 

DC6 3089 S3 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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5 DC2 3264 S3A 200X. Sample showing extensive dissolu­
tion of silica spheres. 

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

DH5 2831 S4B 200QX. Sampling showing possible dissolu­
tion of gypsum laths. Note the rounded crystal edges 
and small pits. 

DH5 2831 S5. Typical EDS analysis of gypsum. 

6 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 SI 200X. Botryoidal smectite with desicca­
tion cracks together with smectite spheres having the 
same composition. 

7 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 magnification of the particulate 
clay previously shown. Its EDS anaylsis is similar to 
the Fe-illite of sample DC6 2464 S4, Figure 6. 

DC6 2190 SI I000X Network of clay flakes which may be 
either smectite or illite. 

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

DC2 2803 SIB 5000X. High magnification of clay tubes. 
Note the tubes are composed 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 clay tubes consist­
ing of interconnecting spheres. Intergrown with the 
clay are tabular clinoptilolite crystals. 
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Figure Caption 

9 DC6 4204 S4 SOOX. 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. 

DH5 2643 S2A 100X. Sample showing botryoidal clay 
with desiccation cracks. 

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

DC2 2632 S3E 2000X. High magnification of silica 
sphere shown in previous figure. 3 \aa octahedra are 
probably cristobalite. 

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

DC6 2908 S4 5000X. Clusters of fusiform a-quartz. 

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

DC6 3387 SI 500X. Higher magnification of fibrous 
silica shown in previous picture. 

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

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

12 DC6 2190 S3 SOOX. Sample showing botryoidal silica 
layer underlain by clay displaying desiccation features. 

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

DC6 3367 SI 30X. Sample shoving spheres of silica. 
Tabular crystals are clinoptilolite. 
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Figure Caption 

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

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

DC6 2906 S3. Typical EDS analysis of clinoptilolite. For 
associated minerals see DC6 2908 S3, Figure 16. Clinop­
tilolite morphology can also be seen in DC6 3387 S5, 
Figure 7 and DC6 3367 SI, Figure 12. 

PC6 2695 S2 200X. Clinoptilolite rosettes on a surface 
of crl3toballte/quart2 octahedra. 

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

DC6 3609 S3. Ty; Leal EDS analysis of mordenite. 

DC6 3609 S3 5500X. High magnification of mordenite fibers 
shown above. Particle is an unknown, Mg-rich mineral 
shown in DC6 3609 S3, Figure 18. 

15 DC6 3267 Si 100X. Fibrous clump tentatively identified 
as mordenite. Tabular crystals are clinoptilolite. 

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

DC6 3267 SI 2000X. High magnification of above fibers. 

16 DC6 2908 S3 2OX. Sample showing clay (white edge) covered 
with thin layer of ot-quart2 and tabular clinoptlloltte 
crystals. 

DC6 2908 S3 200X. Higher magnification of previous picture 
showing crystallization sequence. Initial clay, at bottom, 
is dark-colored with desiccation cracks. It has pulled 
away from the lighter—colored second clay layer. The sur­
face of the second clay is covered by a thin 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 potassimu 
al'iminum silicate (DC6 2908 S3, Figure 20). Other particles 
are dust. 
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Figure Caption 

DC6 2908 S3 4500X. Disc-shaped clusters of fusiform 
a-quartz• 

17 DC6 2908 S5 100X. This sample occurs 0.5 ma away from 
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 lnage of the 
previous picture showing the second clay composed of 
coalesced spheres of clay flakes. Particles are 
dust. 

DC6 3688 SI (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 SI. EDS analysis of unidentified Ca-rich mineral 
shown in previous picture. 

18 DH5 2691 SI (f) 1000X. Sample showing an unidentified 
fibrous mineral in small clay cavity within a fracture. 

DH5 2691 SI. EDS analysis of above unidentified fibrous 
mineral. 

DC6 3609 S3. EDS analysis of unidentified mineral in 
following picture. 

DC6 3609 S3 5000X. Unidentified Mg-rich particles on 
mordenlte fibers (see also DC6 3609 S3, Figure 14). 

19 DC6 2156 SI 20X. Sample showing unidentified blocky 
crystals outlined in white, and cllnoptilolite. 

DC6 2156 SI. EDS analysis of unknown mineral shown in 
above figure. 

DC6 2156 SI 50QX. Higher magnification showing dissolu­
tion of an unknown mineral. 

20 DC6 2908 S3 5000X. Sample showing unknown euhedral crystals 
on clinoptilolite. Also see DC6 2908 S3, Figure 16. 

DC6 2908 S3. EDS analsyis of unknown mineral shown in 
previous picture. 

DC6 2989 S6. EDS analsyis of unknown mineral in following 
picture. 
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Figure Caption 

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

21 DC2 2206 S3 5000X. Spheroids of an unknown mineral on 
cll..optilolite. 

DC2 2206 S3. EDS analysis of unknown mineral shown in 
previous 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 deslcation features, 
clay chains, and cllnoptilolite. 

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

DC6 3421 S3. EDS analysis of needle-like mineral shown in 
above figure. Vertical white lines m.«rk the location 
of the phosphorus Ka and KB peaks. 

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

23 X-ray diffraction patterns of commonly-occurring 
minerals. 

24 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 end bottom of a core indicate the 
depth interval studied. Data on DR4, DU5, DDH1 and 
DDH3 from Ames (1976). 

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

26 Sodium volatilization from clinoptilolite. Several 
spots on a si.igle crystal were analyzed for periods 
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 standard deviation. 
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Figure Caption 

27-50 Photonicrographs of EHP sections. Clay analyses are 
represented by a D O V 0 # i T » zeol i te by * » M x c 6 0; 
plagloclase by P; iron-oxide by F; and glass by G. 
Analyses of unknown aiinerals which are altering to d u y 
are shown by d ; glass altering to clay by •*• ; pyrotene 
to clay by ti ; and plagiw.1*" i i ."lay bj u . In most 
cases the alteration Is Incomplete. 

51 Changes In composition across single generations of 
cl?v froa vesicles In DC6. Mote that the njaber 
circled on the abscissa represents the nunber of 
generations and the barred vertical l ine represents 
one standard deviation. A relative distance scale has 
*ieen used Instead of an absolute scale since data froa 
several points In the sane general *rea have beet 
averaged together and the results plotted. The 
distance Is relative to che primary rock-secondary 
mineral interface. 

52-54 Changes in composition across single generations of 
c l lnoptl lo l l te froa fractures and vesicle of DC2, bC6, 
and DH4. 

55 Changes In composition across multiple generations of 
clay taken from different points of a single fracture. 

56 Changes In composition across multiple generations of 
clay taken froa different vesicles at tke same depth. 
Note that saople DC2 2319 0 has only tv» generations of 
clay and that the second generation was wide enough to 
permit three sets oe analyses to be made. 

57-60 Changes in compositi n across Multiple generations of 
clay from fracture? and vesicles of DC2 and Xb. The "Z" 
shown on figure; 59 and 60 indicates the presence of a 
zeolite generation be—.een clay generations. 

61 Histograms of ?Polite compositions. Data froa fi-st and 
second generations have been combine.-1. Data fros spherical 
zeolites have been excluded. 

62 Histograms of compositions of first generation clays lining 
fractures. Data c<i green clays havj t>?en excluded. 

63 Histogr̂ r<s of compositions of first generation clays xlning 
vesicles. Data on green clays have been excluded. 



-xiv-

Flgure Caption 

64 Histograms of compositions of all clays formed prior to the 
deposition of zeolite or silira. Data for fractures and 
vesicles have been combined. Data for clays with K*7Na+»3 
have been excluded. 

65 Histograms of plagioclase compositions. 

66 Histograms of clinopyroxene compositions. 

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

68 Histogram of molar Si/Al ratios in zeolites from DC2 and DC6. 

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

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

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

72 Bulk rock FeO and Si0 2 compositions as a function of depth in 
DC2 and DC6. 
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INTRODUCTIOH 

In Part I of this report the results of Task III are presented and 

discussed. The subject of Task III 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 sequence, 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 Fart II (Task IV) of this report. 

SAMPLING PROCEDURES 

Samples were obtained from four drill cores (DC2, DC6, DH4, DH5). Figure 

1 shows the locations of these cores. Host 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 DC2, DC6, and DH5. Data from 

DHA has not been displayed since it consists solely of electron mlcroprobe 

(EMP) results from a few closely spaced samples. 

In DC6 similar appearing vesicles from the same depth were sampled for 

both x-ray diffraction (XRD) and scanning electron microscopy (SEM) studies. 

This procedure 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 XRO and SEM data. Electron microprobe samples were taken from 

locations near SEM and XRD sampling sites. Additional samples were taken 

from unaltered regions of core for EMP analysis of feldspats and clinopyroxenes. 
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XRD and SEM samples have been labeled with an alphanumeric designation 

Indicating the core number, the depth of the sample, the type of analysis 

(X " XRD, S = SEM), and the type of sample (v - vesicle, f » fracture). For 

example, DC6 2407 XI (v) is a vesicular sample from a depth of 2407 ft 

In DC6 used for XRD analysis. The 1 In XI refers to the sample nua'uer. 

SCANNING ELECTRON MICROSCOPY (SEM) 

Procedures 

Samples approximately 1 cm in diameter were epoxled 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 phises 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 Muapton and Ormsby's (1978) and 

Sheppard's (1976) excellent tabulations of zeolite crystal morphologies proved 

useful. 

In certain cases XRD was used to associate a particular crystal habit 

with a mineral. For example, a fibrous mineral with no detectable iron was 

observed in several samples taken from depths 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 often occurs In nature as 

octahedral crystals and quartz in hexagonal or trigonal forms (Klasik, 1975; 

Deer ec al., 1963). However, our XRD studies have indicated more than one 

silica phase present in sanples possessing a single crystal habit. The reason 

for this is not clear; it could be that one morphologically distinct 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 variety of crystal morphologies for each of the 

mineral phases have been identified with the SEM. Figures 6 through 9 Illus­

trate the various forms of clays. Silica also occurs in many forms as shown in 

Figures 10 through 12. Clinoptiloli^e 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 is also depicted îi 

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 4) 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 SEH/EDS observations are shown in 

Taule 1. We examined 123 vesicles in DC2, DC6, and DH5. In 18 of the 

vesicles the first two or three "layers" of precipitate appear intergrown. 

la the 1U5 remaining vesicles, the first layer consists of some form of clay 

74 times, clinoptilolite 17 *_imes, 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 is not intergrown with either second or fourth layers. In these 

vesicles the third layer is composed of clay 11 times, clinoptilolite three 

times, and silica 12 times. There are 11 vesicles which possess a fourth 

layer not intergrown with either a third or fifth layer. Seven of the 

fourth layers consist of clay, one of cliuoptilolite, one of silica, ?.nd two 

of a fibrous mineral identified as mordenite* Fourteen samples possess 

intergrown first and second layers; and in these samples, clay is present S 

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 tecond and third layers. C? inoptilo-

lite is the most common second-layer mineral and silica is the n><"_;_ common 

third-layer mineral. 

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

throughout the depth intervals examined in DC2, DC5, and DH5. A fibrous 

cHicrai identified as mordenite occurs in six of the depths studied below 

y4U id in UCb. Hordenite was also identified in two of the three deepest 

samples taken from £)C2. 



_5-

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. 

When tho 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 if 

agreement could not be obtained. In any case the data should be considered 

in a qualitative sense only. The data do not reveal any definite trends 

with depth. In addition, different vesicles from the same depth were found 

to contain significantly different relative amounts of secondary minerals. 

The uata suggest that clay and clinoptilolite are about equally abundant. 

Silica 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), DH5 2831 S2 (gypsum), 

UCb 215b SI (unknown), DCb 2908 S4 (clinopuilolite), DC6 3387 Si (ciinoptilo-

lite), and DCb 3387 Sb (clinoptilolite). Several examples of mineral dissolu­

tion are illustrated in Figures A and 5. Also illustrated in Figure 4 are 

silica spheres (DCb 3089 S3) which possess circular depressions - some of 

which are filled with clay spheres. This texture is probably formed by inter-

growth of silica and clay, but may also have formed by dissolution of the 

silica followed by precipitation of the clay. 

Discussion of SEM/EDAX Results 

Three types of minerals, clay (smectite or iron-rich illite), zeolite 

clinoptilolite), and silica (quartz, cristobalite, tridymite, or opal), 

dominate secondary mineral assemblages. These minerals appeal 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 portions pf the common sequence. For example DC6 

2908 S3 contains five layers of precipita* i - two layers of clay followed in 

order by quartz, clinoptilolite and a pot slum aluminum silicate. DC6 2906 

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 only observed depth zonation was the appearance of the zeolite laorde-

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 clinoptilolite, 

suggesting that clinoptilolite may be unstable with respect to mordenite 

below depths of approximately 900 m. 

In samples DC6 4204 SI 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 aî d applied to glass slides. Anaylsis was 

done with a Noi-elco 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, indication of opal-CT* The next pattern indicates 

peaks which can be used to distinguish the two zeolites, clinoptilolite and 

mordenite. The two low«.r 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 clinoptilrlite, smectite, and silica. Clinoptilolite 

occurs in 80%, smectite in 75%, quartz in 40%, 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. Note that the data 

of Ames (1976) have not been incorporated in this table. 

Vesicles exhibit a more complex mineralogical assemblage than fractures. 

Other than clinoptilolite, smectite, and silica, the only minerals found in 

fractures are illite and pyrite. Vesicles, on the other hand, were found to 

contain minor amounts of a variety of secondary phases such as erionite, 

chabazite, analcime, vermiculite, phillipsite, gypsum, and calcine. Certain 

of chese 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 DDHl, 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 DDHl, DDH3, DH4, and DH5 are associated with detrital 

sediments and are not authigenlc* The following observations pertain only 

to authigenic minerals. 

Distribution of smectite. This category includes minerals that Ames 

(1976) identified as montmorlllonites, nontronltes and beidellitei. Smectite 

occurs throughout all depths in all cores. However, it appears to be less 

common in samples from depths 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 ceXadonite. 

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. Over the depth interval of 600 to JQ00 m, opal occurs more 

frequently than quartz in DH4 and DH5. Cristobalite is the dominant silica 

mineral in the same depth interval in DC2 and DDH3. 

Distribution of clinoptilolite. Clinoptilolite occurs only in samples 

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

core intervals studied. 

Distribution of mordenite. Mordenite occurs infrequently and only at 

depths in excess of 880 m. 

Distribution of calcite. Galcit.e occurs over two depth intervals, 0 to 

350 m and 975 m to core bottom. 
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Dlscusslon of XRD Results 

Mineral zonaticn with depth is apparent but is not a striking feature. 

Clinoptilolite first appears at about 370 m and oordenite 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 (Distribution. A change with depth in the type of silica phase is 

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

ELECTRON HICROPROBE (EMP) STUDIES 

Procedures 

Polished thin sections were analyzed with an ARL-SEMQ electron microprobe. 

The elements potassium, sodium, calcium, magnesium, barium, iron, aluminum 

and silicon were monitored simultaneously using an electron beam voltage of 15 

kV and a sample current of 0.012 uAmp. A defocused beam (10 to 30 urn) 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 (59) 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., MOio(OH)2
 w h e r e M refers to metal ions. 

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 uAmp were used. Only sodium in clinoptilolite appeared to volatilize 

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



-10-

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 

analyzed for 4, 10, and 20 second Intervals. The results of this study (Figure 

26) indicate 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 second period commonly result In totals in 

excess of 90 weight percent exclusive of water. These totals are high as 

water has been shown to commonly 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 runs* 

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 cliu_pyioxenes are given in Tables 5 through 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 generations 

(layers) of clay. However, for zeolites a different symbol often indicates 

no more than a different region on a relatively large single crystal. 

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 in 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 variations 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. X MgO or more than 0.25 wt. % Fe^O. or whose totals (exclusive of water) 

were less than SO wt. %. Clays having calculated stoichiometric waters <7.9 

wt. % or >9.0 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 generation zeolites 

do not differ significantly. Therefore, compositional data for both generations 

were combined. Histograms of oxide compositions of zeolites from DC2 and DC6 

are displayed in Figure 61. The mean, standard deviation, and sample population 

are also given for each oxide. The distributions of oxides other than BaO and 
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Fe 0 are characteristically multimodal. It addition, the range In coaposition 

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 *.\\ greater detail. 

Little compositional 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*7Na * 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 compositional ranges are nearly the same in both fractures 

and vesicles. 

(2) The Al 0 distribution is very nearly io.«:nti;al in both fractures 

and vesicles. 

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

(4) Certain oxides (e.g., MgO and CaO) 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% of all fracture clays and 42% of all vesicle 

clays analyzed. 
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Histograms, means, standard deviations and populaclon size of MP analyses 

of plagioclase feldspars and cllnopyroxenes are shown in Figures fi through 66. 

Nature of the zeolite phase. Although the principal zeollt' phase has 

been referred to as clinoptilolite, neither the 3RD nor the SEW studies are 

sufficient to distinguish clinoptllollte from its f.somorphous counterpart 

heulandite. Mumpton (1960) proposed a aolecular Si:Al ratio of 2.75 to 3.25 

for heulandites and 4.25 to 5.25 for cllnoptllolites. Mason and Sand (1960) 

also suggested that heulandites can be distinguished froa cllnoptilolltes on 

the basis of the molar ratio of nonovalent to divalent cations, i.e., (Na + K) 

> Ca in clinoptllolites. Based on hese criteria the zeolites probed In this 

study should be called clinoptllolites since the mean Si:Al ratio is 4.68 and 

CaO ..ever occeeds 50Z (Figures 68-69). 

The compositional distinction between clinoptilolite and heulandite is 

somewhat arbitrary. Boles (1972) has shown that "heulandite group" minerals 

possessing intermediate Si:Al ratios exist in nature. In addition, Shepard 

and Starkey (1964) have shown tliat both eodneabers (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 the 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 

Ca /Na + ratio occurs below 1100 a. This increase is also reflected in the 

data of Figure 67. 

The compositions of pyroxenes and feldspars analyzed in this study were 

not found to v.iry in any systematic manner with depth. 
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TREMDS IM BULK ROCK COMPOSITION 

Iron and silicon oxide analyses of bulk rock samples fron DC2 and DC6 are 

displayed as a function of depth in Figure 72. These data are from Ames (1976). 

Similar trends with 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 Basalt 

Formation occurs at a depth of 656.8 m (2155 ft) ia DC6 and at a depth of 

624.8 m (2050 ft) in DC2. SiO,, Al.O, (not shown), and FeO show marked changes 

across this Interface. It should L~ noted that the EHP studies were performed 

over intervals of DC2 and DC6 in which the variability of bulk rock composition 

is small. This unfortunately excludes testing the control of primary mineral 

composition on secondary mineral composition. 

TON SECTION PETROGRAPHY 

i'rocedures 

Fifty-five vesicles and 27 fractures from DC2, DC6, DH4, and DH5 were 

examined in thin section in order to determine crystallization sequences 

(Table 9). In addition, point counting of the relative amounts of secondary 

minerals lining eight fractures in DC6 was accomplished, and a reconnaissance 

study of all thin sections was made in order to determine if selective dissolu­

tion and replacement 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 vesicles 97% of 

the time. In samples having a third phase, silica followed 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 33Z of the vesicles. Point counting of 

secondary minerals in fractures of DC6 showed that clay dominates the assem­

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 Hawaii. It is extremely difficult to quantify the relative degree of 

alteration experienced by 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 StX techniques. Although the SEM yields a 

two-dimensional representation of a three—dimensional volume, sampling often 

precluded observation of the innermost layers. 0c 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 to 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 

Material 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 XRO. 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 oxalate at pH 4 (Schwertmann, 1964). Extracted 

and unextracted splits were subsequently analyzed using atomic adsorption spec­

trophotometry to determine total iron and aluminum. Ferrous iron was determined 
2+ by H SO,-HF dissolution of the samples followed by titration of Fe with 

K_Cr 0 ? using diphenylamine sulfonic acid sodium salt as an Indicator. The 

results of the analyses are given in Table 11. 

Results 

The cation exchange capacity (CEC) of DC6 3134 is in the expected range. 

The two samples containing cllnortilolite have slightly larger CECs; this may 

be due to the higher CEC of cllnoptilolite (-2 meq x g ). 

The change in Al_0 upon processing is generally not significant. All 

samples were found 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 calculation 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 oxidation states indicated by 

thet- data should be considered In a qualitative sense only when setting the 
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Fe /Fe 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 oxyt:ydroxides was found. The 

presence of extracta"".\e silica was not tested due to small sample size. 

However, 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 intergiown 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 II of this report. In 

che samples studied, the general secondary mineral crystallization sequence 

is: clay, (one or more generations), clinoptilolite, silica 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 Larson, 1975). 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-precipitatlon 

of authlgenic min%\als has certainly occurred in at least some of the samples. 

Certain vesicles and 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; i.e., some vesicles are 

initially isolated from the flowing hydrochemical system until dissolution 
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processes create the necessary interconnections. Other vesicles, which are 

Initially a part of the permeable network, beeone 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 clinoptllolire are approximately equal in abundance in vesicles* 

Silica is much less abundant. In fractures clay appears to be more abundant 

than clinoptilolita; 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 observation that 

the geochemical system is characterized by a "fine-grained" spatial hetero­

geneity 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 spatial volume of interest. 

From the data obtained in this study, it is impossible to unequivocally 

ascertain the thermal conditions under which the Pa^co 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 processes 

are not adequately understood. One way to address this question is to call 

upon "Ockham's razor", i.e., given alternative hypotheses which adequately 



-19-

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 environments, 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 associated 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 evolution of the natural system. 

Zonation of mineral assemblages with depth does occur but is not a 

pronounced feature. Ames (1976) XRD data on D0H3, DH4, and DH5 indicate the 

appearance of clinoptilolite at approximately AOO 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..nee of roordenite 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 itself a measure (abeit nonlinear) of time. Both time and 

depth variables can in turn be transformed into extent of reaction space 

(C - 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 SEH SAMPLES 

Sample Depth (m) Crystallization Sequence 

DC2 2206 SI (v) 673.4 CI -> C -> Si 
S2A (v) CI -> C 
S2B (v) CI -> C -> Si 
S3 (v) C -> Si -> 0(K) 
S4 (v) CI -> Si -> CI 

DC2 2240 SI (f) 682.8 CI 
S2 (f) CI 

DC2 2282 SI (f) 695.6 Si -> CI 

DC2 2314 SI (f) 705.3 CI 
DC2 2319 SI (v) 706.8 CI 

S2 (v) CI 
S3 (v) CI 
S4A (v) CI 
S4B (v) CI 
S5A (v) CI -> C - CI 
S5B (v) CI 
S5C (v) C -> CI 

DC2 2347 SI (v) 715.4 CI -> Si 

DC2 2354 SI (v) 717.5 CI -> Si -> C - Py 

DC2 2359 S1A (v) 719.0 C -> CI 
SIB (v) CI 
S2A (v) C -> CI 
S2B (v) CI -> C -> CI 

DC2 2366 S1A (v) 721.2 CI -> C -> Si - Ap(?) 
SIB (v) CI -> C(?) -> Si -> CI 

DC2 2402 SI (f) 732.1 CI -> Si -> CI 

DC2 2448 SI (v) 746.2 CI -> M(?) 
S2 (v) Si - CI -> Si -> CI 

DC2 2507 SI (f) 764.1 Si 
DC2 2561 SI (f> 780.6 CI -> Si - CI 
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TABLE 1 (Cont'd) 

CRYSTALLIZATION SEQUENCES OBSERVED IN SEH SAMPLES 

Sample Depth (m) Crystallization Sequence 

DC2 2632 SI (v) 802.2 CI 
S2 (b) CI 
S3A (v) CI -> C -> CI 
S3B (v) CI -> F(?) -> C -> CI -> Si 
S3C (v) CI 
S3D (v) CI -> C -> CI - CR(?) 
S3E (v) CI -> C - CR(?) 

DC2 2666 S1A (v) 812.6 SI 
SIB (v) C -> Si 
SIC (v) CI 
SID (v) C -> Si -> CI 
S2 (f) CI - Si - C(?) 

DC2 2749 S1A (v) 837.9 CI - C -> CI 
SIB (v) CI - C -> CI 
SIC (b) CI 

DC2 2803 SI (v) 854.4 CI -> C -> Si - CI 
S2A (v) CI 
S2B (v) C -> Si -> CI 

DC2 2831 SI (v) 862.9 CI 
DC2 2868 SI (b) 874.2 CI 
DC2 2883 SI (f) 878.7 SI -> CI 

S2 (f) C(?) 

DC2 2926 SI (f) 891.8 Py - CI 

DC2 2955 SI (f) 900.7 Si - Py -> CI -> Si 

DC2 2960 S1A (v) 902.2 Si - C -> M(?) -> CI 
SIB (f) CI 

DC2 3181 SI (v) 969.6 CI -> Cl(Fe) 

DC2 3264 SI (v) 994.9 C -> Si - M(?) -> CI 
S2 (v) CI -> Si - CI -> Si 
S3 (v) Si 
S4 (v) Si -> M(?) 
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TABLE 1 (Cont'd) 

CRYSTALLIZATION SEQUENCES OBSERVED IN SEM SAMPLES 

Sample Depth (n) Crystallization Sequence 

DC6 1978 SI (v) 602.9 S -> Q/Op -> Cc(?) 

DC6 2156 SI (v) 657.1 S -> Ph(?) -> C 

DC6 2190 SI 
S2 
S3 

(v) 
<v) 
(v) 

667.5 S/I -> S/I -> S/I 
I 
S/I -> SI 

DC6 2427 SI 
S2 

(v) 
(a) 

739.7 S(Ti) -> S(K) -> S(Mg) -> C 
Op -> C - CI -> Si - CI 

DC6 2464 S3 
S3A 
S4 

(v) 
. (v) 
(v) 

751.0 I -> Q -> I 
I -> C -> Q -> CI 
I -> C -> I 

DC6 2695 SI 
S2 
S4 

<v> 
(v) 
(v) 

821.4 I -> C -> Si - CI -> Op 
S -> CR/Q -> C - Cc(?) 
I -> C -> Q 

DC6 2908 SI 
S2 
S3 
S4 
S5 

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

886.4 C 
CI -> C 
S/I -> S/I -> Q -> C -> U(K) 
CI -> CI -> C - Q - CI 
CI -> Cl(Fe) 

DC6 2949 SI 
S3 

(v) 
(v) 

898.9 CI -> CI 
ci 

DC6 2989 SI 
S3 
S6 

(v) 
<v) 
(v) 

911.0 s 
s -> s -> s 
S -> U(TiSiFe) 

DC6 3038 SI 
S2 

(v) 
(v) 

926.0 CR/Q - C - S -> CR/Q 
C -> S 

DC6 3089 S2 
S3 
S4 

<v) 
(v) 
(v) 

941.5 Si -> CI 
S -> Op/Q - C -> S -> M(?) 
M - Op 

DC6 3267 SI (v) 995.8 S/I -> C -> S/I -> M(?) 
DC6 3337 SI 

S5 
(v) 
(v) 

1017.1 S -> C -> Q -> S 
C 
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TABLE 1 (Cont'd) 

CRYSTALLIZATION SEQUENCES C2"T.VH> IN SEH SAMPLES 

Sample Depth (•) Crystallization Sequence 

DC6 3367 SI 
S4 

(v) 
(v) 

1026.3 C -> SI -> CI 
M -> CI 

DC6 3387 SI 
S2 
S3 
S4 
S5 
S6 

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

1032.4 S -> C -> Q/CR 
C -> Q/CR/T - S -> H(?) 
S/I -> C -> CR/Op/Q -> M -> CI 
CI -> Si - C - CI 
S - C -> I(?) 
CI -> C - CI -> SI 

DC6 3421 S3 (v) 1042.7 C -> CI -> Op, Ap(?), CI 

DC6 3538 SI 
S2 
S3 
S4 

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

J078.4 S -> 0/CR/Op 
C - S 
C - S -> M 
C - Si - CI 

DC6 3609 S3 (v) 11C0.0 CI -> C -> CI -> Q -> M -> Cl(M«s) 

DC6 3688 SI (v-f) 1124.1 S, Q/CR, C, M(7), U(CaKNa) 

DC6 4204 SI 
S4 

(b) 
(v) 

1281.4 Q/C5 -> S, U(CaMg), U(Mg) 
CI -> Q(?) 

DH5 2616 SI (v) 797.4 CI 

DH5 2620 SI (b) 798.6 CI 
a S2 (v) 

S3A (v) 
S3B (v> 
S3D (v) 
S3E (v) 
S4A (v) 
S4B (v) 
S5A (v) 
S5B (v) 

DH5 2633 SI (v) 
S2 (v) 
S3 (v) 

C -> CI a -> c 
C -> Cl -> Si 
Cl -> C -> Si -> Cl 
C - Si -> Cl 
C - Si -> Cl -> Cl 
C - Cl 
Py - Cl 

802.5 C - Si 
Cl -> Cl - Si 
Si -> C 
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TABLE 1 (Cont'd) 

CRYSTALLIZATION SEQUENCES OBSEKVEO IN SEM SAMPLES 

Sample Depth («) Crystallization Sequence 

DH5 2643 SI (v) 805.6 C - Si -> CI 
S2A (v) SI -> CI 
S2B (v) SI -> CI - C 
S2C (v) SI -> CI 
S2D (v) Si -> C 

DH5 2668 S1A (v) 813.2 CI 
SIB (v) Si 

DH5 2691 SI (f) 820.2 a -> U(fi) 

DH5 2717 SI (£) 828.1 CI 
DH5 2727 SI (f) 831.2 Ci 

S2 (f) Si - CI 

DH5 2745 SI (v) 836. •> CI -> C -> Si - CI 

DH5 2811 SI (f) 856.8 CI 
DH5 2831 S1A (v) 862.9 Si 

SIB (v) Si -> C 
SIC (v) Si 
S2 (v) Py - G(?) - Si 
S3A (v) CI - C(?) 
S3B (v) a S3C (v) a -> ci 
S4A (v) C -> CI -> Si 
S4B (v) a - CI - Si -> Py - G(?) 
S5A (v) C -> Si -> Py - G(?> 
S5B (v) a -> c -> si - ci 
S6 (f) a 
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TABLE 1 (Cont'd) 

CRYSTALLIZATION SEQUENCES OBSERVED IN SEN SAMPLES 

Legend 

Sample Type: 

a = totally altered basalt 
b = breccia 
f = fracture 
v = vesicle 
v-f = large void in thick fracture; only one of this type 

Mineralogy: 

Ap = apatite 
C = clinoptilolite 
Cc = calcite 
CI = clay, distinctive or especially abundant cations 

listed in parentheses 
CR » low-cristobalite 
F » feldspar 
G = gypsum 
I = illite-like mineral, probably celadonite (identification based on 

chemical composition and occurrence) 
M = mordenite 
Op = opal 
Ph = phillipsite 
Py = pyrite 
Q = quartz 
S = smectite, distinctive or especially abundant cations 

listed in parentheses 
3i = silica, unspecified type 
T = trHymite 
U = unidentified mineral; major cations listed in parentheses 

Symbols: 

-> = 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 cannot be 

correlated with different morphologies 
? = Tentative identification based on chemical and morphological 

characteristics or by comparison with samples at same depth in 
core 

fi = fibrous mineral 
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TABLE 2 

VOLUME ESTIMATES OF SECONDARY MINERALS IN VESICLES OF DC2, DC6, and DH5 

Sample Depth (a) Mineralogy Volume Percent 

DC2 2206 S2A 673.4 CI 
C 

10 
90 

DC2 2206 S2B CI 
C 
Si 

55 
35 
10 

DC2 2632 S3D 802.2 CI 
C 
SI a 

36 
58 
4 
2 

DC2 2666 SID 812.6 c 
SI 
CI 

50 
40 
10 

DC2 2803 S2A 854.4 C 
CI 

90 
10 

DC2 2960 SIA 902.2 c 
SI 
Fl (CaNaK) 
CI 

50 
15 
15 
20 

DC2 3181 SI 969.6 CI 
CI (Fe) 

10 
90 

DC6 1978 SI 602.9 S 
Q/T 
CaC03 

57 
43 
<1 

DC6 2156 SI 657.1 S 
Ph(?) 
C 

4 
14 

82 

DC6 219C SI 667.5 S/I 
S/I 
S/I 

90 
8 
2 

DC6 2427 SI 739.7 S(TiNa) 
S(K) 
S(Mg) 
C 

33 
22 
18 
27 

DC6 it'A £3 751.0 I 
Q 
I 

57 
40 
3 
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TABLE 2 (Coct.) 

VOLUME ESTIMATES OF SECONDARY MINERALS IN VESICLES OF DC2, DC6, and DH5 

Sample Depth (a) Mineralogy Voluae Fercent 

DC6 2908 S3 886.4 S/I 
S/I 
Q 
c 
K 

20 
30 
5 

45 
<1 

DC6 3089 S2 941.5 SI 
a 

97 
3 

DC6 3367 SI 1026.3 c 
si 
CKpris) 

55 
42 
3 

DC6 3387 S5 1032.4 C s 
Kprls) 

60 
35 
5 

DC6 3421 S3 1042.7 C 
CI 
T 
CaF 

30 
45 
15 
10 

DC6 3538 S4 1078.4 C 
Si 
CI 

45 
30 
25 

DH5 2620 S3B 798.6 CI 
C 

10 
90 

DH5 2620 S4B C 
Si 
a 
CI 

47 
13 
31 
9 

DH5 2620 S5A CI 
C 

65 
35 

DH5 2643 S2A 805.6 SI 
C 

80 
20 

DH5 2643 S2B Si 
C 
CI 

65 
20 
15 

DH5 2643 S2C Si 
CI 

90 
10 

DH5 2831 S5A 862.9 C 
Si 
CaS 

80 
15 
5 



-33-

TABLE 2 (Cont.) 

VOLUME ESTIMATES OF SECONDARY MINERALS IN VESICLES OF DC2, DC6, and DH5 

Legend 

CI = clay 
s - smectite 
S/I - smectite and/or lllite 
I - illite 
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. 



- * / • 
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TABLE 3 

AUTHIGENIC MINERALS FOUND IN XRD SAMPLES 

Sample Depth (m) M CR Op Other 

DC2 2206 xl (v) 673.4 a d 
x2 (v) m 
x3 (v) a d 
x4 (v) d 

DC2 2240 xl' (f) 682.8 d 
xl" ' (f) d 
x2' <f) a 
x2" ' (f) d 

DC2 2282 xl (f) 695.6 t 
DC2 2314 xl <f) 705.3 d 

DC2 2319 xl (v) 706.8 m a 
x2 (v) m d 
x3 (v) d 
x4 (v) t d 
x5 (v) d 
x6 (v) d m 

DC2 2347 xl (v) 715.4 t 

DC2 2354 x2 (v) 717.5 t d 
x3' (v) a d 
x3" (v) m d 
x4 (v) m d 
x5 (v) t d 

DC2 2359 xl (v) 719.0 m m 
x2 (v) m d 
x3 (v) d 
x4 (V> a a 

DC2 2366 xl (v) 721.2 d 
x2 (v) d 

DC2 2402 xl ( f ) 732.1 d 
x2 ( f ) t 
x3 <f) m d 

DC2 2448 xl (v) 746.2 t 
x2 (v) t d 

i,E 
E 
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TABLE 3 (Cont'd) 

AUTHIGENIC MINERALS FOUND IN vJiB SAMPLES 

Sample D^pth (m) S I C M Q CR Op Other 

i 

d 

DC2 2507 xl (f) 764.1 a t m 

DC2 2561 xl (f) 780.6 m t t 

DC2 2632 xl (v) 302.2 d t 
x2 (v) m d 
x3 (v) t m t a 

DC2 2666 xl (v) 812.6 a m 
x2 (v) d 
x3 (f) d m 

DC2 2749 xl (b) 837.9 d m 
xi (v) t d m 

DC2 2803 xl (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 
x6 (v) t t d 

DC2 2868 xl (b) 874.2 d m 

DC2 2883 xl (f) 878.7 t 
x2 (v) t 
x3 (v) t t m 

DC2 2926 xl (f> 891.8 a m 

DC2 2955 xl (v) 900.7 t 
x2 (v) m 

DC2 2960 xl (v) 902.2 t d m 
x2 (v) d m 
x3 (v) d 

DC2 3181 xl (v) 969.6 d 
xl' <v) d t 

DC2 3264 xl (v) 994.9 HI d 1 m 
x2 (v) d 
x3 (v) d m a 
x3' (v) m m d 
x3" (v) m a m m d 

d 
d Py 
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TABLE 3 (Cont'd) 

AUTHIGENIC MINERALS FOUND IN XRD SAMPLES 

Sample Depth (m) CR Op Other 

DC6 1978 1 xl' (w) €J2 .9 
DC6 2011 xl (v) Ui .1 
DC6 2156 xl (v) 657 .1 
DC6 2190 xl 

X2 
x3 

(v) 
(v) 
(v) 

667 .5 

DC6 2279 x3 (v) 694 .8 
DC6 2403 xl ( f ) 732 .6 
DC6 2427 xl 

x2 
(v) 
(a) 

739 .7 

DC6 2464 x3 
x4 

(v) 
(v) 

751. .0 

DC6 2695 xl 
xl' 
xl" 
x2 
x4 

(v) 
(v) 
'v) 
(v) 
(v) 

821. ,4 

DC6 2908 xl 
xl* 
x2 
x3 
x4 
x5 
x6 

(v) 
(v) 
(v) 
(v) 
<v) 
(v) 
(v) 

886. ,4 

DC6 2949 xl (f) 898. 9 
DC6 2989 xl 

x2 
x3 
x5 
x6 

(v) 
(£) 
(v) 
(v) 
(v) 

911. 0 

DC6 3006 xl ( f ) 916. 5 
DC6 3038 xl 

x2 
x3 

<v) 
(v) 
(v) 

926. 0 

Ch 

Py 
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TABLE 3 (Cont'd) 

AUTHIGENIC MINERALS FOUND IN XRD SAMPLES 

Sample Depth (m) M CR Op Other 

DC6 3074 xl (f) 937.2 

DC6 3078 xl (f) 938.4 

DC6 3089 xl (f) 941.5 
x3 (v) 
x3' (v) 
x4 (v) 
x4' (v) 

DC6 3134 xl (f) 955.5 

DC6 3174 xl (f) 967.7 

DC6 3267 xl (v) 995.8 
xl' (v) 
xl" (v) 

DC6 3274 xl (f) 998.2 

DC6 3324 xl (f) 1013.4 
x2 (f> 

DC6 3337 xl (v) 1017.1 
x2 (v) 
x4 (v) 

DC6 3367 x4 (v) 1026.3 

DC6 3387 xl (v) 1032.4 
xl' <v) 
x2 (v) 
x3 (v) 
x3' (v) 
x5 (v) 
x5' (v) 

DC6 3421 x3 (v) 1042.7 

DC6 3488 xl (v) 1063.4 

DC6 3538 xl (v) 1078.4 
xl' (v) 
xl" (v) 
x2 (v) 
x3 (v) 

a ID d 
t d 
d m 

d 

a 

a 

t t d 
d a 
t t d 
t d Q 
t t d t 

a 
m 
t 

d 
d 

m 
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TABLE 3 (Cont'd) 

AUTHIGENIC MINERALS FOUND IN XRD SAMPLES 

Sample Depth (m) CR Op Other 

DC6 3572 xl (f) 1089.0 a n d 

DC6 3581 xl (f) 1091.8 m d t 
x2 (f) t d a 
x3 (f) m d 
x4 (f) d a 

DC6 3608 xl (f) 1100.0 d m 
x2 (f) m d t 
x3 (v) n i C d 

DC6 3620 xl (f) 1103.7 d m 

DC6 3688 xl (v-f) 1124.1 d a a 

DC6 4204 xl (b) 1281.4 m t d 

DH5 2616 xl <") 797.4 a 
x2 (v) d t 
x3 (v) d 

DH5 2620 xl (b) 798.6 a 
x2 (v) m d t 
x3 <v) d 
x4 (f) d 
x5 (b^ d 
x6' f d 
x6" (v; d 
x8 (v) d a 

DH5 2633 xl (v) 802.5 m m 
x2 (v) a 

DH5 2643 xl <v) 805.6 d 
x2 (v) a a 

DH5 2668 xl (v) 813.2 a 
x2 (v> t 

DH5 2727 xl ( f ) 831.2 d 

DH5 2831 x2 (v) 862.9 d m 
x3' <v) m m 
x3" (v) m m 
x4' (v) 
x4" (v) t d 
x4" (v) t x6 ( f ) d m 

Py 

Py 

Py 
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TABLE 3 (Cont'd) 

AUTHIGENIC MINERALS FOUND IN XRD SAMPLES 

Sample type: 

a - totally altered region of core 
b - breccia 
f - fracture 
v - vesicle 
v-f * large void in vesicle 
* = sample from thin section chip 

Mineral Abundances: 

d » dominant 
a = abundant >20% 
m = minor 6-20X 
t = trace 1-5% 

Mineralogy: 

A = analcime 
C - clinoptilolite 
Cc = calcite 
Ch = chabazite 
CR = low-cristobalite 
E = erionite 
G = gypsum 
I = illite-like clay, 

probably celadonite 
M = mordenite 
Op = opal 
Ph = phillipsite 
Py = pyrite 
Q = low-quartz 
S = smectite 
T = tridymite 
W = wairakite (Ca-analcime) 
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TABLE 4 

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

Secondary Fracture Samples t Vesicular Samples t 

Mineral DC2 DC6 DH5 X DC2 DC6 DH5 I 

CLINOPTILOLITE 50 86 80 71 88 68 90 82 
MORDENITE 0 0 0 0 6 14 0 9 
SMECTITE 75 95 20 63 67 64 15 57 
CELAD0NITE+ 0 14 0 7 2 32 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 16 40 26 
TRIDYMITE 6 0 0 2 0 5 0 2 

2. indicates average taken over all cores. 

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



TABLE 5 

CH31ICAL COMPOSITION OF ZEOUTgS 

Sample m A n a l y s i s Number S 1 0 z A 1 2 0 3 P e 2 0 3 * HgO CaO BaO Na 2 0 K 2 0 T o t a l 

DC2 2282 696 A 1-4 (£) 70.95+1.10 12.13+ .45 .09+ .03 0.0 .62+ .09 .38+ .09 2.52+ .14 4.34+ .34 91.0* 

DC2 i314 705 A 16-28 If) 69.65+1.29 10.74+ .44 .47+ .05 .02+ .01 .61+ .07 HA 2.32+ .20 2.71+ .24 81.52 

DC 2 2319 707 C 38-41 (v) 63.18+2.61 12.41+ .14 .87+ .94 .07+ .07 .99+ .07 .43+ .11 2.67+ .24 2.79+ .24 83.40 

C 42-43 (v) 64.40+1.18 12.52+ .51 .48+ .62 .03+ .03 .96+ .04 .48+ .13 2.96+ .23 3.0 + .13 84.83 

C 45-47 (v) 57.42+ .85 10.50+ .31 5.57+3.34 .42+ .28 1.08+ .14 .3;+ .13 2.23+ .06 2.28+ .35 79.8* 

C 49-51, (v) 6/ . 10+ .47 13.26+ .26 .10+ .05 0.0 .95+ .08 .44+ .06 3.63+ .39 3.54+ .34 89.02 

53,55 ~ 

D 19,21-23 (v) 67.86+5.17 9.82+1.65 2.26+2.89 0.0 .77+ .16 .28+ .04 2.26+ .39 2.36+ .27 85.65 

DC2 2359 719 A U-18. <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 
20-24 _ - _ - -

8 22,24 (v) 70.75+ .70 13.52+ . '2 .07+ .04 0.0 .95+ .03 .36+ .13 4.21+ .16 3.714. .15 93.56 

B 23,25 (v) 67.06+3.20 13.72+ .39 .54+ .21 0.0 1.59+ .32 .40+ .08 3.61+ .06 3.07+ .18 90.10 

B 26,32 (v) 67.25+1.47 12.77+ .35 .05+ -01 0.0 1.02+ .06 .62+ .08 2.77+ .00 3.10+ .08 87.57 

B 77-31, (v) 68.42+1.29 13.07+ .'./ .06+ .02 0.0 1.05+ .07 .48+ .07 2.43+ .20 3.00+ .15 88.51 
33-35 - - -

C 14-23 (v) 70.80+ .91 13.40+ .37 .11+ .05 0.0 1.01+ .09 .45+ .10 2.82+ .25 3.57+ .16 92.16 
DC2 2366 721 A 4-5, (v) 67-17+ .95 11.77+ .33 0.0 0.0 .73+ .06 .36+ .07 2.58+ .26 3.70+ .17 86.31 

45-49 ~ ~ ~ 

A 6-8 (v) 67.86+1.21 12.08+ .60 0.0 0.0 .84+ .04 .41+ .04 1.98+ .28 3.1J+ .23 86.29 

A 9-12, (v) 67.97+1.62 12.43+ .33 0.0 CO .99+ .22 ,51+ .08 2.80+ .24 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+ .06 2.70+ .23 2.65+ .19 86.94 
37-40 

A 16-17 (v) 64.34+ .71 12.45+ .02 .31+ .27 .03+ .02 1.67+ .04 .07+ .04 2.51+ .32 2.08+ .06 85.10 

A 22-15, (v) 62.83+1.89 15.97+ .42 .14+ .10 0.0 .13+ .04 1.39+ .14 4.66+ .22 5.OK .31 90.14 
41-44 



TABLE 5 (Cont.) 

CHEMICM. COMPOSITION 0? ZEOLITES 

DC2 2803 854 

DJ2 2883 879 

DC2 2976 892 

Sample m taalyBis Number r 1 0 2 AI2O3 Fe 2 03* MgO CaO BaO NajO KjO Total 

DC2 2666 813 C 14-15 (v) 66.86+ .43 11.54+ .01 0.0 .01+ .00 .61+ .11 .28+ .03 2.68+ .23 3.4-1+ -11 85.50 

C 16-21 (v) 68.42+2.19 11.82+ .32 0.0 0.0 .66+ .14 .33+ .12 2.42+ .30 3.43+ .17 87.11 

C 22-24 (v) 68.76+1.12 12.57+ ..10 .01+ .01 0.0 .78+ .05 .53+ .03 2.29+. .05 3.24+ .18 88.19 

C 25-26 (v) 69.99+ .76 11.92+ .10 .05+ .0? 0.0 .75+ .10 .33+ . 0 ) 2.35+ .27 3.27+ .16 SS.65 

C 28-33 (v) 69.26+ .61 12.01+ .33 0.0 0.0 .83+ .09 .39+ .07 2.32+ .22 3.14+ .21 88.00 

D 31,33-34 (v) 68.70+2.32 12.70+ .27 .23+ .07 0.0 1.22+ .12 .39+ .04 4.801 .44 1.85+ .04 89.92 

D 60.63,65 (v) 69.08+ .19 12.44+ .09 .25+ .04 0.0 1.25+ .06 .31+ .11 3.(91 * 6 3 2.21+ .04 89.08 

K 15-20,24 (f) 76.10+1.68 12.41+ .67 .13+ .05 0.0 .87+ .10 .34'; .02 3.40+ .90 3.20+ .39 96.45 

B 15 (f) 73.00 5.20 .09 .02 .79 -ji 2.37 3.41 89.71 

B 16-18 ({) 63.75+ .21 10.72+1.00 2.19+1.65 .22+ .18 .82+ .10 .35+ .07 2.74+ i 3.78+ .53 84.56 

B 25-27 (f) 66.43+ .32 12.29+ .04 .20+ .26 0.0 .971 • ° 3 , 3 ? ± •<•* 3 , 1 : t ± • " * - 2 t t > ' 2 87.68 

DC2 3264 995 B 1-2,5-7 (v) 69.13+1.69 13.22+ .28 .06+ .02 0.0 2.01+ .24 .44+ .06 2.9*1 .77 1.93+ .22 89.74 

B 8 (v) 70.75 13.03 .14 .04 1.94 .28 3.40 1.98 91 16 

B 14-15 (v) 69.05+ .'/3 12,19+ .03 .10+ .04 0.0 1.91+0.0 .41+ .07 3.3)1 •** 1 , 9 t t • " •'•>* 

D 19-26 (v) 73.94+ .92 11.74+ .27 .11+ .03 0.0 2.65+ .07 .04+ .03 2.(21 •*' -* 2 ± • 0 3 • » • ' • 

E 1-2 (v) 68.96+ .29 13.74+ .17 0.0 0.0 1.91+ .00 .34+ .48 4.18+ .32 2.051 -09 91>22 

E 4 (v) 63.31 11.87 .08 0.0 1.81 .59 3.27 1.90 82.85 

fi 7-8,16 (v) TO.22+ .60 13.57+ .39 .07+ .02 0.0 1.97+ .31 .36+ .01 4.041 - 2 > i'll± •<" •'•<* 

E 10 (v) 68.90 12.53 .08 0.0 1.59 .42 3.69 2.14 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 3.44 2.01 88.88 

E 13 (v) 65.56 12.26 .15 .03 1.71 .57 3.08 1.81 85.18 

E 18 (v) 67.17 12.80 .19 .02 1.43 .27 3.44 1.91 87.23 



TABLE 5 (Coilt . ) 

CHEMICAL COHPOSITION OF ZKOLITES 

Sample m Analyala Kumbel S102 A1 20 3 Fe 20 3* MgO CaO BaO NA 20 K 2 0 Tota l 

DCZ 2366 721 C 3 (v) 66.87 12.22 0 . 0 0 .0 . 8 3 . 4 0 2 . 0 0 3 .22 8 5 . 5 3 

C 4 ( V ) 67.03 11.93 . 01 0 . 0 .83 . 3 6 1 .61 2 .66 8 4 . 4 3 

C 5 <v) 67.11 12.36 . 0 2 0 . 0 . 6 9 . 2 6 1 .53 2 . 6 1 8 4 . 5 8 

C 7 (v ) 64.78 11.52 0 . 0 0 . 0 .89 . 44 1 . 9 3 2 . 9 9 82 .55 

C 8 ( V ) 65.11 12.01 0 . 0 0 . 0 .84 .35 1 .52 2 .61 8 2 . 4 4 

C 9-10 (v ) 65.41+ .50 12.02+ . ,14 0 . 0 0 . 0 .96+ . 1 2 .23.+ .07 1 .36+ , .21 2.32+ . .17 8 2 . 3 2 

C 12-14 ( V ) 66.51+1.67 12.27+ , .04 . 01 0 . 0 .83+ . 1 0 .41+ . 0 3 2 . 4 3 + . .15 3 .50+ , .31 85 .97 

C 16-18 <v) 6B.75+1.40 12.68+ .22 0 . 0 0 . 0 .85+ . 0 9 .44+ . 04 2 . 7 3 ± . .22 3 .50+ , .14 8 8 . 9 6 

C 19-26 (v ) 65.71+ .C2 13.04+ . .44 .12+ . .OS . 0 5 + . .02 1 .45+ . 0 6 .63+ .06 2 . 8 0 + . .10 3 .39+ . .13 8 7 . 2 3 

C 27-28 (v ) 6B.57+1.41 12.77+ . 5 2 0 . 0 0 . 0 .84+ . 0 7 .47+ .01 2 . 3 1 + • 15 3 .70+ . 0 9 88 .68 

DC 2 2402 732 D 23-24, 
28-35 

<v) 74.36+8.72 9.66+2 . 6 0 .30+ .45 0 . 0 .50+ . 0 4 .13+ . 0 8 1 .90+ . 4 3 3 .54+ . 9 0 90 .40 

DCZ 2448 746 A 10,12,15 (£) 72.04 11.51 . 8 7 .02 . 3 3 . 30 3 . 2 4 3 .07 91 .38 

DC?. 2561 781 A 7-8 I f ) 70.97+ .80 12.09+ . 3 8 .24+ . 0 3 . 0 3 + .01 .41+ . 0 2 .42+ .01 4 . 0 5 + .41 4 .05+ .17 92 .78 

A 11-14 H) 69.55+ .42 12.69+ . 69 .15+ . 05 0 . 0 .43+ . 0 7 .43+ . 09 3 . 6 5 + . 4 3 4 . 6 7 ± . 1 2 91 .64 

B 7-10 <») 61.76+1.75 15.90+ . 27 .68+ .44 . 1 2 + .06 .07+ . 0 5 1.43+ .11 4 . 8 2 + . 69 4.03+ . 3 6 8 8 . 8 0 

B 32-34 ( f ) 72.18+2.30 12.81+ . 34 .18+ . 09 . 0 3 + . 0 3 .57+ . 0 6 .47+ .11 3 .70+ . 34 4.12+ . 2 8 94 .06 

DC2 2632 802 D 1-3,5-6, (v) 
8-13,18-23 

69.89+1.04 12.10+ . 38 .11+ . 10 •04+ . 0 3 1.00+ . 0 9 NA 2 . 5 2 + .17 3 . 8 8 J . 2 2 89 .57 

i: 14-!8, 
20-25 

(v) 69.59+1.24 12.01+ . 4 3 .08+ . 09 0 . 0 .96+ . 0 7 NA 2 . 6 2 + .21 4 .07+ . 2 3 89 .35 

0 7-17 <v) 69.58+1.83 11.98+ . 54 .12+ .12 .04+ . 04 .95+ . 0 8 HA 2 .38+ .21 4.09+. . 2 2 8 9 . 9 0 

DC 2 2666 813 0 1,3, 
25-26 

(v) 69.92+1.53 12.51+ .45 .18+ .15 0 . 0 .77± . 1 0 .35+ .12 2 . 8 2 + . 35 3 .19+ .06 89 .75 

B 2,5-10 (v) 70.77+1.20 11.91+ . 34 .12+ .10 0 .0 .67+ . 1 2 .35+ . 08 2 .76+ .18 3 .50+ . 3 0 90 .09 
B tun (v) 67.44jl.06 11.64? . 45 0.0 _ 0 . 0 . 7 » .07 .33+ .09 2 .44+ .16 3 .09+ .11 85 .67 

http://67.44jl.06


TABLE 5 ( C o s t . ) 

CHEMICAL COMPOSITION OF ZEOLITES 

Sample m Analysis Number S10 2 A1 2 0 3 P.j0 3 * HgO CaO BaO N.jO K20 Total 

DC2 3264 995 E 19 (v) 66.09 12.52 .07 0.0 1.72 .35 2.62 1 . 5 4 84.91 

E 21 (v) 69.01 11.70 .11 0.0 1.54 .22 3.94 1 .98 88.50 

E 22 (v) 68.89 12.67 .02 0.0 1.55 .62 3.75 2.10 85.59 

G 11-12 (v) 67.26+ .13 12.96+ .26 .42+ .13 .10+ . ,05 2.66+ . ,14 .34+ .02 2.60+ . 45 1.681 • ,04 88.03 

G 19-23 (v) 69.19+1.69 12.35+ .33 .151 •»* 0.0 1.70+ . .17 .34+ .05 3.13+ , ,20 2.03+ . .19 88.91 

C 24 (v) 73.22 12.70 .13 0.0 1.33 .21 3.89 2.41 33.89 

G 25-28 (v) 67.16+1.45 12.32£ .20 0.0 0.0 1.471 .02 .241 - 1 2 2.48+ , .59 2.11+ , .22 85.83 

I 13-18 (v) 65.89+1.31 11.40+ .36 .05+ .03 0.0 1.50+ .14 .28+ .06 3.021 .08 2.24+ .17 •4.38 

SH4 2438 743 A 1-5 (v) 66.5% .91 12.31+ .12 .02+ .01 .01+ .00 1.161 .06 HA 3.49+ .02 2.62+ .22 86.13 

A 6-10 <v> 67.15+1.61 12.10+ .64 .05+ .06 0.0 .941 .04 HA 3.70+ .35 2.40+ .25 86.34 

A 11-13 (v) 68.00+1.45 12.29+ .26 .17+ .03 0.0 1.051 .09 HA 3.98+ .16 2.21+ .08 87.70 

DH4 2466A 752 B 12-24, 
26-27 

(v) 65.881 • " 12.20+ .55 .16+ .07 .02+ .02 1.10+ .24 .49+ .10 3.41+ .59 2.40+ .30 85.66 

0 1-6,8-10 
12-13 

(v) 67.69+1.73 12.47+ .38 .13+ .05 0.0 1.07+ .12 .35+ .07 3.87+ .60 2.25+ .26 87.83 

DH4 2466B 752 c 1-8 (v) 67.1511.05 11.62+ .36 .02+ .01 0.0 1.141 .19 NA 3.77+ .19 1.52+ .14 85.22 

c 10,12-15 (v) 66.32±1.84 11.69+ .58 .111 •<>* 0.0 1.13+ .24 HA 3.88+ .38 1.53± .17 84.66 

DH5 2633 803 A 29-30, 
32-37 

(v) 70.04+2.45 12.35+1.35 .16+ .08 .061 .14 1.711 .35 .111 -03 1.60+ .29 2.701 .33 88.72 

DHS 2668 813 A 12,16 
18,19 

(m) 67.3711.14 13.311 - 0 8 .111 •<» .22+ .05 1.701 .06 .19+ .03 1.761 .12 4.551 .08 89.21 

B 1-6,9-VO (m) 67.2411.63 13.061 - 5 2 .671 •?* .09+ .04 1.551 .20 .201 • 0 6 2.011 • 19 4.251 .17 89.07 

DC6 2156 657 D l»-7« (v) 43.79+ .54 11.4811.27 5.69+ .16 2.121 .04 1.081 .25 1.80+ .11 2.701 .26 2.75+ .28 73.41 

D 2»-5* (v) 57.92+1.77 16.711 •*' .14+ .09 0.0 .16+ .01 3.811 • " 5.29+ .37 3.811 .43 87.84 



TABLE 5 (Cont . ) 

CHEHICAL COMPOSITION OF ZEOLITES 

Sanple n A n a l y a l s Numbei S10 2 
A 1 2 0 3 F « 2 0 3 * HgO C O BaO Na 2 0 K 2 0 Tota l 

DC6 2156 657 D 8 * - l l » (v ) 5 1 . 9 1 + 1 . 0 0 1 3 . 0 2 + 2 . 6 0 .73+ . 49 .05+ . .08 .28+ . 1 5 2.70+ .38 3 . 6 7 + . 6 3 4 . 0 9 + . 48 76.45 

D 1 5 * , 1 6 * . 
20*-22* 

(v ) 63 .72+ . 8 5 13 .82+ . 6 1 . 3 5 + . 7 3 .16+ . 29 1.80+ . 2 0 1 .30+ .26 2 . 3 4 + . 2 5 3 .51+ , .35 87 .00 

D 19* (v ) 59 .00 16 .81 . 06 . 0 .46 2 .99 4 . 5 6 4 . 5 3 88 .41 

E 2*-3* (v) 55 .68+2 .88 1 4 . 7 4 + 1 . 0 6 .14+ .01 . 0 1 + . 0 1 .11+ . 0 5 2 .91+ . 0 2 4 . 4 2 + .41 4 .20+ , .09 82 .21 

E 4*-7* (v ) 54 .27+2 .50 14 .79+ .81 .14+ .16 . 0 2 + . 0 2 .14+ . 0 5 3 .14+ . « 0 4 . 1 4 + . 25 4 . 7 1 i .20 81 .35 

E 8»-9« ( v ) 5 4 . 0 3 + 5 . 2 5 1 2 . 8 6 + . 9 5 .19+ .00 . 0 3 + . 0 1 .80+ . 2 0 1 .62+ .02 3 . 4 7 + . 2 9 3 . 9 9 + .47 76 .99 

E 10* -11* (v) 59 .14+1 .27 16 .39+ .27 .02+ . 0 3 0 . 0 .13+ . 0 1 3 .41+ . 0 6 4 . 2 1 + . 4 2 4 . 9 3 + .37 88.7.3 

E 13*-18* (v ) 6 3 . 3 3 + 1 . 6 3 1 2 . 6 9 + . 4 8 . 46+1 .05 . 0 2 + . 0 2 1 .76+ . 2 0 1 .05+ . 1 0 2 . 5 6 + .66 4 . 2 8 + . 6 2 86 .15 

DC6 2279 695 A 2 * , 4 * - 7 * 
9«-10» , 
12«-15* 

(v ) 5 8 . 7 1 + 1 . 8 9 11 .07+ . 3 6 .10+ .17 0 . 0 1 .14+ . 2 0 .48+ . 1 0 2 . 3 3 + . 19 3 . 0 7 + . 2 4 76 .90 

DC6 2282 696 C 2"-4* , 
6 * - l l * 

(v ) 69 .59+2 .78 11 .81+ . 6 3 .53+ . 78 .08+ . 1 4 1.14+ . 1 4 .50+ . 1 0 2 . 6 7 + .37 3 .55+ . 3 2 89 .87 

H 1*-10*. 
12*-15* 

(v ) 70 .97+1 .16 12 .45+ . 3 9 .18+ .12 0 . 0 1.19+ . 1 2 .56+ . 1 2 3 . 2 5 + .41 3 .11+ .35 91 .71 

DC6 2483X 732 A 2» -7* ,9« «) 67 .80+1 .86 11 .63+ . 7 5 .95+ .67 . 0 6 + . 0 9 .95+ . 6 7 .53+ . 2 0 3 .11+ . 3 2 2 .99+ .26 88 .02 

D 1* <v) 6 6 . 7 4 1 2 . 2 2 .27 0 . 0 .91 .61 2 . 8 5 4 . 1 4 87 .74 

D 2*-3* (v) 69 .30+ . 1 9 11 ,91+ . 24 .30+ . 4 2 0 . 0 .82+ . 0 8 .47+ . 09 2 . 8 8 + .01 3 .53± . 19 89 .21 

D 4»-5« (v ) 67.C7+ . 5 8 12 .06+ .57 .07+ .05 0 . 0 1 .15+ . 0 8 .58+ . 2 3 3 . 1 0 + . 15 0 .58+ . 2 3 85 .21 

D 6* (v ) ( 7 . 3 9 13 .07 . 0 4 0 . 0 1 .18 . 5 5 2 . 8 2 3 . 3 5 8 8 . 4 0 

D 8*-9* (v) 6.1.08+2.14 12 .16+ . 29 .11+ .06 0 . 0 .98+ . 2 1 .60+ .21 2 . 8 8 + . 14 3 .42+ .11 83 .23 

D 10* -11* M 64. , '9+1.41 12 .13+ .96 .04+ .05 0 . 0 1.01+ ..'.6 .65+ .21 2 . 5 6 + . 08 3 . 3 0 £ . 1 3 84 .48 

D 12*-14« ( v ) 66 .67+ . 7 6 11 .98+ .51 .15+ . 0 4 0 . 0 .85+ 18 .56+ .18 2 . 8 5 + .16 3 .79+ . 3 3 86 .85 

D 15* (v ) 62 .74 1 1 . 1 1 0 . 0 0 . 0 1.17 . 61 3 . 2 1 3 . 0 8 81.92 



TABLE 5 (Cone.) 

CHEMICAL COMPOSITION OF ZEOLITES 

Sample A n a l y s i s Number S i 0 2 AI2O3 F e 2 0 3 * MgO Ka 2 0 K 2 0 

DC6 2483X 732 

DC6 2695 821 

DC6 2977A 907 

DC6 3134 955 

DC6 3220 981 

DC6 3421 1043 

D 16» (v) 66 .15 1 2 . 1 7 . 0 6 0 . 0 . 98 . 58 2 . 9 6 3 . 4 1 86 .31 

D 17* (v ) 6 7 . 0 8 1 1 . 5 7 •02 0 . 0 1 .34 . 7 2 3 . 2 2 3 . 0 4 86 .99 

U 18* (v ) 6 3 . 0 1 1 1 . 8 9 . 05 0 .0 .96 . 6 2 2 . 9 4 3 .64 8 3 . 1 1 

D 19*-20* ( v ) 67 .23+ . 2 1 1 2 . 7 6 + . 63 . 1 1 + . .02 0 . 0 .98+ . . 0 3 .76+ .22 3 . 1 5 + . .OS 3 .61+ . 1 4 8 6 . 6 0 

A 1 « - 1 1 * <v) 67 .33+3 .09 12 .31+ . 69 • 14+ . .23 0 . 0 1.13+ , .12 .53+ , .19 3 . 0 5 + . .19 3 .44+ . 2 5 8 7 . 9 3 

C 4 * , 6 « - 7 * 
9*-13* 

( v ) 6 7 . 7 0 + 2 . 1 8 1 2 . 3 8 + , .69 . 1 1 + . 08 .02+ . 0 3 1 .05+ . 1 3 . 5 2 + . 10 3 . 3 3 + . 28 3-31+ . 0 9 8 8 . 4 2 

E 17*-24* <v) 66 .45+1 .87 11 .34+ . .24 . 0 5 + . 04 0 . 0 .42+ . 0 7 .48+ .11 2 . 9 2 + •19 3-89+ . 2 1 8 5 . 5 3 

B 3 0 - 3 4 , 3 6 ( f ) 6 6 . 8 5 + 1 . 3 9 1 2 . 2 7 + .39 . 1 8 + .07 .02+ . 0 1 .60+ . 0 8 HA 2 . 9 9 + . 2 3 3 .85+ . 1 7 86 .76 

D 1 9 , 2 2 ( £ ) 6 4 . 5 1 + 2 . 0 4 13 .24+1 • 44 2 . 6 7 + . 40 . 0 7 + . 0 0 2 .21+ . 4 9 HA 3 . 9 4 + . 5 7 3 .32+ . 1 7 89 .96 

B 2-4 (£ ) 7 3 . 8 9 + 4 . 8 9 9 .42+1 . 0 5 . 2 4 + .10 0 . 0 •52+ . 2 6 .20+ . 0 2 2 . 5 0 + . 2 3 2 .94+ . 2 9 8 9 . 7 1 

C 1 - 4 , 8 - 1 1 
13-14 

( £ ) 6 6 . 3 9 + 1 . 8 2 

\ 
1 1 . 2 4 + . 8 7 . 8 5 + . 7 2 0 . 0 1.34+ . 9 9 . 2 8 + . 0 6 3 . 0 3 + . 2 1 3 .72+ . 2 1 86 .85 

A 1 0 , 1 1 , 1 3 (v ) 63 .59+ . 4 9 1 3 . 0 4 + . 4 0 3 .24+1 . 85 . 2 4 1 . 2 3 1.30+ .51 .30+ .07 3 .78+ . 5 9 4 .19+ . 7 0 89 .68 

A 16-17 tv) 65 .17+1 .46 1 3 . 4 2 + . 8 1 3 .40+1 .62 . 2 6 + . 2 3 1.50+ . 25 .37+ .16 4 . 2 7 + . 25 3 . 4 6 + 1 . 0 3 91 .85 

A 20-24 (v ) 69 .06+1 .84 1 2 . 5 2 + .87 . 1 0 + . 1 0 . 0 2 + . 0 2 .76+ . 10 .48+ . 1 3 4 . 4 2 + . 4 0 3 .26+ . 1 0 90 .62 

A 2^-26 (v ) 6 9 . 7 9 + 1 . 7 8 11 .91+ . 85 . 0 6 + . 0 8 . 0 3 + . 0 4 .68+ . 0 1 .37+ . 0 5 4 . 1 0 + .57 3 .09+ . 4 8 9 0 . 0 3 

A 27-30 (v) 6 7 . 8 3 + 2 . 4 3 1 1 . 9 9 + . 1 3 . 0 7 + . 08 .02+ • 0 2 .69+ . 1 9 .31+ • 23 4 . 2 0 + .46 3 .31+ . 1 4 8 8 . 4 2 

B 4-7 (») 63 .87+1 .26 1 1 . 5 7 + . 7 5 .45+ .21 .04+ . 0 3 .94+ . 3 2 .23+ . 15 3 . 4 8 + .41 3 .21+ . 2 0 83 .79 

B 8-10 (v ) 6 9 . 2 9 + 1 . 2 9 1 1 . 6 9 + . 1 1 . 0 5 + .07 0 . 0 .50+ . 0 9 . 3 6 + . 1 2 3 . 4 5 + . 6 6 3 . 7 2 ± . 4 9 8 9 . 0 6 

B 12 <v) 69 .09 1 2 . 8 4 . 0 2 0 . 0 . 97 . 60 4 . 1 9 2 . 9 9 90 .70 

B 1 3 - 1 8 ( v ) 6 7 . 8 5 + 2 . 3 2 1 2 . 0 1 + • 84 . 1 1 + . 0 6 . 0 2 + . 0 1 .71+ . 1 4 . 5 0 + . 1 0 3 . 9 0 + . 2 8 3 . 3 6 + . 1 0 6 8 . 4 6 

B 22-23 («) 6 1 . 7 1 + 2 . 8 1 14.05+1 . 2 9 4 . 7 9 + 4 . 6 2 . 2 + . 26 3 .19+ . 6 4 .44+ . 05 4 . 9 6 + . 8 9 3 .54+ . 5 9 92 .92 



TABLE 5 (ContO 

CHEMICAL COMPOSITION 07 ZEOLITES 

Sample AnalyBls Number S102 
A1 20 3 Fe 203* MgO N»20 K 20 

DC 6 3421 1043 B 24-26 (v) 

DCb 3561 1091 A 4-6 ( f ) 

A 7-9 ( f ) 

A 10-12 (£ ) 

A 15,18.19 ( £ ) 

A 16-17 ( f ) 

A 22-25 ( f ) 

B 25-27, 
29-33,35 

( f ) 

DC6 3636 1108 A 1-6,9 (m) 

B 9-12 (v) 

B 13-16 (v) 

C 16-19,21 
22,24,26-27 

(m) 

DC6 3684 1123 B 17-20 ( f ) 

B 21-25 <£) 

DC 6 3861 1177 B 22,24-
25,27 

<f> 

C 8-10, 
12-15 

(») 

C 11 (n) 

65.98+2.88 15.34+ .49 1.59+ .87 

68.06+ .30 12.21+ .27 .06+ .04 

65.65+1.26 11.54+ .31 .03+ .05 

66.98+1.91 12.31+ .30 .09+ .09 

67.11+3.37 12.25+ .35 .02+. .01 

67.91+2.34 13.08+ .06 .40+ .01 

65.38+1.62 12.68+ .44 .10+ .04 

66.42+2.01 12.91+ .80 .12+ .07 

69.85+1.43 12.31+ .60 .10+ .09 

70.61+1.66 12.42+ .45 0.0 

71.18+1.35 13.16+ .32 .10+ .08 

70.32+1.21 12.66+ .83 .32+ .20 

66.25+2.90 12.17+ .79 .17+ .13 

68.70+5.13 10.50+1.65 .16+ .15 

70.13+2.59 11.00+ .',4 1.16+1.01 

67.15+1.80 10.28+1.26 .11+ .02 

73.62 9.64 0.0 

.12+ .07 1.47+ .14 0.39+ .04 4.58+ .58 5.40+1.95 94.87 

.01+ .02 1.75+ .08 

.01+ .01 1.67+ .04 

.02+ .03 1.80+ .12 

.01+ .01 1.001. .10 

.03+ .01 2.03+ .03 

.01+ .01 1.1-+ .17 

.02+ .02 2.06+ .49 

.01+ .01 2.24+ .33 

0.0 1.83+ .23 

.01+ .01 2.25+ .29 

.03+ .03 2.02+ .20 

.01+ .02 2.34+ .19 

0.0 2.14+ .33 

.07+ .05 0.22+ .07 

HA 2.90+ .03 1.61+ .04 86.60 

NA 2.53+ .10 1.64+ .05 83.07 

NA 2.67+ .21 1.6(r+ .10 85.56 

NA 3.50+ .30 1.97+ .27 87.46 

NA 3.54+ .03 1.98+ .06 88.97 

NA 3.06+ .52 1.73+ .IB S4.73 

NA 3.44+ .16 1.S5+ .25 86.62 

.28+ .15 4.13+ .48 .67+ .15 89.59 

.25+ .17 4.13+ .29 1.69+ .17 90.93 

.40+ .25 4.30+ .14 1.84+ .15 93.24 

.34+ .OS 3.99+ .22 1.98+ .08 91.06 

.30+ .08 3.35+ .27 .54+ .17 85.13 

.28+ .09 2.64+ .47 .4f+ .09 84.86 

.26+ .08 3.28+ .31 3.74+ .34 89.86 

.01+ .31 0.21+ .13 .16+ .15 3.52+ .35 3.68+ .96 85.12 

).0 0.63 0.07 4.01 1.31 61.28 



TABLE 5 (Conr.) 

CHEMICAL COMPOSITION OF ZEOLITES 

Analysis Nunber Si0 2 A1 2 0 3 MgO Ha20 

DC6 4220 1286 11-20 (v) 65.79+1.56 12.28+ .40 .16+ .06 

22-25 Cf) 66.43+1.43 12.39+ .24 .29+ .27 

.08+ .03 2.02+ .11 

.10+ .02 1.98+ .08 

3.58+ .34 1.34+ .07 85.25 

3.14+ .15 1.30+ .10 85.63 

Legend 

*Total iron calculated aa F«203 
Huabax - saaple nuaber of electron alcroprobe analyela 
+. • atandard deviation 
A, B, Z • additional aectlon at apeclflad depth 
(v) - vealcle 
Cf) - fracture 
(a) • aatrix 



TABLE 6 

CHBUCAL COMPOSITION OF CLAYS 

Sample m AnalyslB Number S1Q 2 A 1 2 0 3 Ve^Oj* MgO CaO BaO N a 2 0 K 2 0 H 2 0 

X2 2240 683 B 1-3,5-6 « ) 47.94+1.69 5.61+ .79 27.06+2-58 7.45+ .67 2.11+ .43 

5.34+ .47 22.17+ .39 13.04+ .51 1.15+ .17 

5.88+. -13 26.13+ .36 1.42+ .11 1.24+ .00 

3.30+. .21 23.95+ .31 9.97+ .21 1.22+ .08 

2.52+ .27 22.85+1.19 5.11+1.69 118+ .06 

3.23+ .19 24.19+ .13 9.16+ .57 1.25+ .04 

3.04+. .13 26.85+ .56 6.18+ .27 1.35+ .03 

3.22 24.59 8.57 1.24 

DC2 2314 705 A 6,8-15 (f) 47.93+1.43 6.20+ .51 28.22+1.33 6.36+1.89 1.71+ .18 

DC2 2319 707 C 1,4-7 (m) 50.78+4.48 12.81+1.91 13.67+3.01 3.27+ .80 5.29+ .82 

7.50+1.88 6.52+ .67 23.81+2.83 2.98+ .07 

6.69+1.29 23.H+2.21 8.85+1.96 2.39+ .17 

6.35+ .36 28.57+ .48 9.22+ .37 1.71+ .21 

6.72+ .49 28.17+1.11 6.23+ .29 1.73+ .17 

1,68+ .14 25.52+2.88 6.57+1.57 1.68+ .14 

7.03+1.20 23.28+5.30 4.21+1.03 1.79+ .19 

DC 2 2359 719 A 1-11 (v) 45.44+1.50 6.48+ .38 30.40+2.99 5.82+ .69 2.14+ .20 

3.66+3.66 31.93+1.50 3.61+ .17 1.55+ .06 

5.86+ .37 26.53+1.07 10.44+ .36 1.56+ .30 

5.77+ .20 ?5.-,/+!.10 10.62+ .42 1.41+ .25 

B 9 - 1 1 , 
13-14 

(£) 4 7 . 9 8 + 1 . 3 3 

B 12 ,15 ( f ) 54 .53+ . 09 

B 16-20 ( f ) 51 .51+1-92 

B 23-25 ( f ) 5 7 . 9 3 + 2 . 1 9 

B 27-29 <*> 52 .24+ .81 

B 30-34 «) 52 .50+1 .61 

B 37 «) 5 2 . 1 4 

A 6 , 8 - 1 5 ( f ) 47 .93+1 .43 

C 1 ,4 -7 (m) 50 .78+4 .48 

C 2 -3 On) 47 .77+8 .96 

c 14-16 (v) 48 .76+5 .95 

c 20-35 (v) 44 .02+ . 4 8 

D 1-5 (v) 46 .75+1 .28 

D 7-10 (v) 4 8 . 0 U 1 . 3 4 

D 16-17 , 
24-27 

(v) 5 1 . 3 9 + 4 . 8 0 

A 1-11 (v) 4 5 . 4 4 + 1 . 5 0 

A 2 7 - 3 1 , 3 4 (v) 49 .62+2 .50 

B 2-19 (v) 45 .16+1 .07 

C 1-13 (v) 45 .70+1 .05 

0 . 0 1.18+ . .82 .40+ . .07 B.24 

0 . 0 1.39+ . .03 .58+ . .58 8 .34 

0 . 0 1.76+ . .09 .63+ , .10 8 . 4 3 

0 . 0 1 .26+ .16 .41+ .07 8 .37 

0 . 0 1 .53+ . 1 8 .29+ .06 B.5S 

0 . 0 1.23+ . 0 5 .41+ . 05 8 .39 

0 . 0 1.45+ . 0 9 .26+ . 0 4 8 .35 

0 . 0 1.37 •43 S .36 

. 1 2 + . 04 . 7 3 + . 1 8 .B9+ . 19 7 .80 

. 0 3 + .02 3 .33+ . 5 5 2.38+1 . 1 0 8 .44 

. 0 2 + .01 1.49+ . 0 5 1.35+ .27 8 .56 

0 . 0 1.10+ . 5 6 .57+ . 3 2 8 . 3 3 

0 . 0 1 .53+ . 1 0 .50+ . 0 4 8 . 1 2 

0 . 0 1 .05+ . 2 3 1.15+ • 13 8 .18 

0 . 0 . 8 2 + . 1 6 1.07+ •24 7 .85 

. 0 8 + . 0 6 1 .83+ •24 1 .59+ . 0 3 8 . 3 7 

0 . 0 . 5 9 + • 23 l . O l i . 3 3 8 .11 

0 . 0 .88+ . 1 3 .55+ •05 8 .18 

0 . 0 1.62+ . 15 .66+ . 0 8 8 .16 

0 . 0 1.65+ . 1 3 .79+ .07 8 .19 



TABLE 6 (Cone.) 

CHB4ICA1. COMPOSITION OF CLAYS 

DC2 2402 732 D 

DC2 2448 746 A 

F 

F 

DC2 2507 764 A 

DC2 256L 781 A 

Sanple m Analysis Nu»ber SlOg AI2O3 Fe 203* Ms0 C*0 BaO K&2O *2° H2O 

K2 2359 719 C 27 (v) 50.76 13.07 12.26 3.66 8.03 

C 30.32 <»> 59.31+3.08 10.04+6.16 17.91+6.00 6.46+2.01 4.07+1.19 

C 31 (a) 50.27 5-44 23.19 7.34 3.44 

1-6,9-13 (v) 48.71+4.01 7.14+1.17 27.34+1-35 4.38+1.16 1.55+ .44 

1-6,21-24 « ) 4B.74+1.48 5.44+ .47 25.90+1.33 7.66+3.37 2.03+2.41 

2-3 (f) 48.29+ .68 5.40+ .03 23.28+ .04 12.31+ .24 .79+ .01 

4-8 (f) 47.82+2.13 5.57+ .29 25.76+1.56 9.45+2.50 1.24+ .60 

7-10,12, (f) 50.06+2.22 5.32+1.09 23.91+2.12 8.21+1.55 2.28+1.92 
14,18 

1-6 (•) 48.40+1.45 5.88+ .44 25.36+1.07 8.48+ .38 1.96+1.24 0.0 

A 9-10 ( ( ) 54.59+1.08 2.60+ .61 14.35+1.09 16.26+2.50 .30+ .03 

B 1-2,5-6 (•) 53.19+1.10 6.80+1.55 16.54+3.89 10.70+2.39 .92+ .89 .30+ .14 1.68+ .34 1.34+ .39 8.54 

B 3-4 (•) 49.08+ .99 5.21+ .66 24.72+ .86 8.83+ .86 1.84+ .04 0.0 1.01+ .02 .83+ .20 8.43 

B 11-12 (£) 50.38+ .16 4.01+1. »7 20.32+ .98 13.55+1.69 1.17+ .58 .04+ .01 1.13+ .06 1.02+ .29 8.40 

B 14-19 ((> 47.29+ .68 5.65+ .74 25.70+1.43 8.02+ .38 1.61+ .11 0.0 .86+ .32 1.03+ .21 8.11 

B 20-22 (f) 52.72+1.16 2.35+ .14 18.02+ .51 15.58+ .45 .86+ .10 0.0 1.02+ .12 .93+ .09 8.47 

B 23-28 (f) 50.89+2.21 3.09+ .16 18.86+1.24 U.04+1.47 1.00+ .10 0.0 1.39+ .10 .71+ .03 8.30 

B 29-31 (f) 50.12+ .42 3.48+ .17 21.28+ .23 13.77+ .24 .92+ .04 0.0 1.19+ .06 .80+ .03 8.37 

DC2 2632 802 D 4,7 (v) 48.34+1.61 5.31+2.21 29.59+ .70 5.13+2-00 1.28+ .23 HA 1.35+ .63 1.24+ .65 7.76 

B 1-7, (v) 49.84+2.36 3.91+ .17 31.12+ .65 3.80+ .13 1.28+ .20 HA 1.25+ .10 .81+ .13 7.73 
10-11,13 ~ ~ ~ 

B 1-6 (v) 50.11+ .89 4.06+ .27 30.64+ .77 3.96+ .07 1.32+ .09 HA 1.21+ .13 .68+ .35 7.76 

.02 2.75 .96 8.49 

0.0 2.22+ .92 .66+ .22 8.45 

0 .0 1.13 .97 8.32 

0.0 .96+ .36 1.69+ .64 6.23 

0.0 1.12+ .74 .87+ .26 8.25 

,04+ .06 .81+ .03 .78+ .07 8.34 

0.0 .95+ .15 .95+ .34 8.25 

HA l.»;+ .92 .48+ .20 8.33 

0.0 .87+ . 1 0 .76+ .19 8.28 

0 .0 1.39+ .61 1.76+ .06 8.38 



TABLE 6 ( C e n t . ) 

CHEMICAL CCHFOSITIOH 07 CLAYS 

DC2 2666 813 C 5 (•> 56.67 

DC2 2803 854 D 4-7,8 
10,13 

(v) 46.51+2.11 

S 
14-18 

21-22 

(V) 

(v) 

54.19+4.71 

46.78+ .23 

3.75 .30 5.84 3.16 8.64 

1.50+ .14 .01+ .02 1.41+ .51 .32+ .04 8.28 

Sample • Ana lys i s Dumber S i 0 2 A 1 2 0 3 F a 2 0 3 * HgO CaO BaO S a 2 0 K^O H J O 

13.76 7.30 .57 

6.09+ .33 23.74+ .92 12.14+ .39 

7.91+ .63 17.34+1.36 6.08+ .41 1.00+ .06 0.0 .34+ .09 4.68+ .77 8.47 

21-22 (v) 46.78+ .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) 45.87+1.74 6.54+ .08 24.49+3.00 11.37+1.39 1.52+ .02 O.O 1.56+ .47 .42+ .59 8.2S 

D 24,26-27 (v) 54.18+2.02 7.84+ .18 16.98+ .70 5.80+ .07 1.16+ .16 0.0 .53+ .04 5.06+ .39 8.46 

D 28-31 (v) 44.97+1.87 6.33+ .52 26.56+1.56 10.30+ .66 1.89+ .29 0.0 1.12+ .28 .66+ .20 8.18 

S 35-36,38 (v) 53.63+5.58 5.48+ .66 27.59+1.94 9.56+ .92 1.42+ .17 0.0 1.35+ .16 .94+ .03 8.25 

D 39-40 tm) 49.18+1.91 6.49+1.14 24.22+3.27 8.36+1.56 1.85+ .32 0.0 1.41+ .39 1.70+1.11 8.25 

D 4B-50 (v) 47.53+1.33 5.97+ .20 22.28+1.88 12.41+ .26 1.36+ .02 0.0 1.73+ .02 .35+ .02 8.32 

D 51-53 (v) 53.95+2.32 8.02+ .57 16.71+ .80 4.05+ .29 1.05+ .19 0.0 .42+ .07 5.68+ .43 8.16 

D 54,56-57 (v) 44.54+1.68 6.39+ .65 26.76+1.54 10.41+ .48 1.52+ .24 0.0 1.54+ .30 .67+ .25 8.16 

D 66-67 (v) 65.59+2.55 3.35+ .68 15.06+4.92 4.85+1.78 .87+ .32 .07+ .03 .90+ .42 .41+ .17 8.91 

DC2 2803 879 A 25-29, (f) 54.43+2.95 11.58+1.80 12.76+2.66 1.00+ .23 5.53+ .70 .17+ .05 4.38+ .67 1.65+ .20 8.93 

32-36 ~ ~ 

DC2 2926 892 t 1-5 (•) 44.77+3.44 2.82+ .43 20.39+1.39 11.61+ .76 11.91+1.47 .03+ .14 .75+ .14 .46+ .32 B.!l 

B 6-8 (•>) 49.14+ .99 3.12+1.79 15.99+ .61 10.90+4.40 12.12+2.81 .07+ .04 .76+ .36 .59+ .65 8.29 

OC2 3264 995 B 20-27 (v) 54.54+2.94 6.11+ .43 18.36+ .90 l . m .87 .92+ .31 0.0 .68+ .17 5.50+ .90 8.40 

D 2-6 <v) 53.59+4.11 7.31+ .39 19.70+ .28 4.55+1.06 1.23+ .26 0.0 .68+ .16 4.44+1.66 8.40 

D 7-10 (v> 51.54+2.75 6.72+1.09 22.32+ .96 4.95+1.64 1.80+ .14 0.0 .94+ .19 3.40+1.53 6.32 

D 12-18 (v) 54.88+ .11 7.43+ .25 18.71+ .42 2.79+ .36 .75+ .14 0.0 .45+ .06 6.60+ .52 8.36 



TABLE 6 ( C e n t . ) 

CHEMICAL COMPOSITION Of CLAYS 

Sample D Analys i s Number s±o 2 A 1 2 0 3 F e 2 0 3 * MgO CaO BaO Ha 2 0 K 2 0 HjO 

DC2 3264 995 E 2 3 - 2 5 , 
32- -33 

(») 5 5 . 1 7 + 2 . 5 3 7 . 33+ . 3 2 18 .09+ . 9 5 3 .55+ . 18 . 8 8 + . 0 6 0 . 0 .56+ . 0 7 5 .99+ .36 8 . 4 1 

0 1-10 (») 5 4 . 5 5 + 2 . 1 4 7 . 77+ . 44 1 8 . 3 6 + 1 . 4 9 3 .83+ . 29 1.12+ . 2 0 . 0 7 + .06 .71+ . 2 4 5 .18+ .67 8 . 4 3 

G 13 ,15 (») 5 5 . 6 1 + 2 . 7 8 7 . 98+ . 95 19 .06+ . 1 4 4 .30+ .06 1 .08+ . 2 4 . 0 7 + . 0 9 .84+ . 2 7 2 .53+3 .58 8 . 5 5 

e 16-18 («) 5 1 . 4 1 + 2 . 6 3 7 .09+ .82 2 1 . 0 i + 1 . 1 8 6 . 9 % . 3 9 1 .83+ . 3 4 . 0 7 + . 0 4 1.24+ . 2 6 2 .08+ . 35 8 . 3 9 

i 2 - 5 , 2 * - 5 * (») 5 2 . 9 3 + 3 . 7 8 6 . 6 4 + . 99 20 .30+ . 8 7 6 .22+ .97 1 . 5 0 + 1 . 5 0 . 0 3 + . 0 5 1.44+ . 4 9 2 .53+ . 99 8 . 4 2 

i 9 * - 1 2 * , 9 (») 54 .99+ 54 6 . 8 5 + . 3 0 18 .59+ . 4 2 3 .96+ . 2 1 0 . 8 2 + . 1 2 0 . 0 .68+ . 0 7 5 . 7 1 + . 3 2 8 . 4 0 

DB4 2438 743 A 1 4 , 1 7 - 2 0 (v) 5 7 . 0 1 + 2 . 7 3 8 .39+ . 55 1 6 . 3 9 + 1 . 2 6 3.27+ . 2 5 0 .63+ . 2 0 NA 1.27+ . 4 7 4 .49+ .61 8 . 5 6 

5H4 2466A 752 B 1 , 3 , 7 - 8 <v> 5 4 . 4 4 + 4 . 6 0 7 - 7 8 + 2 . 1 0 19-66+4 .48 4 . 8 8 + 1 . 4 2 0 .92+ . 25 0 . 0 2 .20+1 .81 1.61+ . 1 3 8 . 5 2 

B 2 , 4 , 9 <v) 5 5 . 2 1 + 4 . 4 9 8 . 9 6 + . 5 8 1 6 . 7 9 + 1 . 7 6 3 .44+ . 0 8 0 .59+ . 04 0 . 0 2 . 9 4 + 3 . 4 1 3 .58+1 .09 8 .51 

DB4 2466B 752 C 16-17 <v) 5 5 . 9 2 + 1 . 7 1 6 . 6 6 + . 1 2 15 .17+ . 2 7 4 .02+ . 6 0 2 . 3 5 + . 2 3 HA 0 .46+ . 0 4 7 .03+1.15 8 . 4 0 

C 18-21 (v) 5 8 . 5 0 + 2 . 7 7 6 . 8 2 + . 3 6 14 .03+1 .77 4 .10+ . 1 5 0 .28+ . 0 4 NA 0.51+ . 0 4 7 .22+ . 58 8 . 5 3 

C 22-25 («> 5 8 . 7 8 + 2 . 8 5 ' 7 . 5 5 + . 2 8 1 3 . 7 3 + 1 . 2 9 4 .17+ . 1 5 0 .41+ . 0 3 NA 0 .81+ . 0 6 5 .97+ . 8 5 8 . 5 9 

DH5 2633 803 A 5 ,16 (a) 4 5 . 5 7 + 1 . 8 7 1 0 . 2 7 + 4 . 9 4 16 .57+1 .52 3 .99+ . 6 3 8 . 5 0 + 4 . 3 6 0 . 0 4 . 9 5 + 1 . 5 4 1.99+ . 3 2 8 . 1 3 

A 1 1 , 1 3 , 
27-28 

(v) 4 0 . 3 9 + 2 . 8 1 6 . 7 2 + 1 . 3 1 2 1 . 6 1 + 2 . 0 6 4 . 7 4 + 2 . 4 8 1 6 . 0 9 + 5 . 5 7 0 . 0 2 . 2 2 + 1 . 1 8 0 .40+ . 3 8 7 . 8 4 

A 1 2 , 2 5 - 2 6 (v) 4 6 . 1 0 + 3 . 3 1 2 . 3 6 + 2 . 3 7 1 7 . 3 9 + 1 . 5 0 9 .63+2 .48 1 1 . 5 0 + 3 . 2 0 0 . 0 4 .75+ . 4 4 0 .23+ . 3 3 8 . 0 4 

A 2 3 - 2 4 (v) 5 2 . 9 4 + 1 . 8 8 9 . 3 8 + . 1 8 21 .93+ .07 4.81+ . 3 9 1 .97+ .07 0 . 0 .10+ . 1 0 .32+ .26 8 . 5 5 

DBS 2668 813 B 7 («) 5 2 . 8 2 19 .14 4 .82 .16 6 . 1 5 0 . 0 5 .01 3 . 2 4 8 . 6 5 

DC6 2011 613 D 9-14 (v) 5 2 . 0 9 + 1 . 6 9 3 . 0 2 + 1 . 6 5 24 .77+ .67 5 .35+ . 7 4 0 .25+ . 1 3 0 . 0 .78+ . 1 0 5 .55+ . 5 2 8 . 1 8 

D 15 (v ) 5 3 . 4 2 1.94 24 .66 5 .98 0 . 1 2 0 . 0 .72 4 . 9 4 8 . 2 3 

D 16 (v) 5 3 . 7 6 1.46 23 .67 6 . 1 3 0 . 2 4 . 0 5 .75 5 . 7 2 8 . 2 1 



TABLE 6 (Cont.) 

CHEMICAL CCHFOSITION OF CLAYS 

Sample m Analysis Number S10 2 A 1 2 0 3 Fe z0 3* MgO CaO BaO B» 20 K20 E20 

DC6 2011 613 D 17-18 (v) 51.81+ .05 2.49+ .31 24.25+ .08 7.25+ .16 .32+ .05 .07+ . .00 .84+ .10 4.77+ .27 8.20 

D 9-18 (v) 52.35+1.59 2.65+1.35 24.55+ .61 5.87+ .93 .24+ .11 0.0 .78+ .09 5.36+ .55 8.19 

0 20-23 («) 49.24+2.82 12.90+2.86 13-68+4.54 4.49+ .63 5.76+2.93 .16+ .05 3.82+1.24 1.54+ .34 8.41 

E 1.4 (m) 46.55+ .09 10.06+ .50 19.35+ .41 5.11+ .55 6.63+2.43 .10+ .08 2.73+ .33 1.21+ .45 8.23 

E 9-10 fa) 47.85+ .25 11.84+2.22 17.15+4.85 2.81+ .96 5.87+2.80 .13+ .08 3.26+ .95 2.02+ .50 8.28 

E 12 (m) 43.76 10.38 19.49 5.35 10.80 .04 .49 1.58 8.12 

E 17-20, 
29-32 

(v) 53.97+1.20 1.15+ .10 25.61+ .70 6.06+ .23 .12+ .04 0.0 .62+ .05 4.22+ .71 8.25 

E 34-40 (v) 45.52+1.14 4.06+ .37 31.61+1.65 6.01+ .16 .42+ .04 0.0 1.42+ ,43 2.98+ .40 7.99 

E 41-44 (v) 47.98+ .70 3.78+ .13 30.63+ .29 2.72+ .02 0.11+ .01 0.0 .38+ .02 6.45+ .11 7.95 

F 21 fa) 47.89 6.12 25.68 4.00 .43 .14 3.49 4.1t 8.07 

F 22 fa) 49.05 6.88 25.86 3.80 .47 .13 1.43 4.22 8.16 

F 23 fa) 50.05 6.21 25.94 4.02 .44 .07 .96 4.12 8.20 

F 24 fa) 47.19 5.81 28.62 4.02 1.55 .16 .75 3.85 8.06 

F 21-24 fa) 48.56+3.18 6.26+ .61 26.48+ .48 3.96+ .18 .71+ .50 .13+ .03 1.67+1.29 4.10+ .32 8.12 

F 26-30 (v) 53.25+1.01 1.00+ .65 25.43+ .38 5.34+ .27 .13+ .04 .03+ .03 .57+ .13 5.24+ .35 8.20 

F 31-32. 
36-38 

(v) 53.08+1.47 1.97+ .44 25.07+ .59 6.02+ .67 .15+ .05 0.0 .63+ .16 4.86+ .62 8.22 

F 33-35 (v) 51.40+ .44 2.94+ .32 25.38+ .53 7.06+ .42 .19+ .06 0.0 .93+ .09 3.39+ .18 8.22 

F 39-40 (v) 47.89+1.23 5.51+ .38 26.14+ .23 4.49+ .06 .32+ .01 .12+ .01 2.69+ .03 4.78+ .00 8.05 

F 26-40 (v) 52.13+2.34 2.57+1.33 25.40+ .51 5.80+ .92 .17+ .07 0.0 .95+ .72 4.79+ .64 8.19 

DC6 2053 626 C 5-8 (m) 53.24+3.28 12.97+2.53 12.75+4.87 3.17+1.03 2.45+ .42 0.0 3.71+ .71 3.16+ .64 8.55 



TABLE 6 ( C o a t . ) 

CHEMICAL COMPOSITION OF CLAYS 

in A n a l y s i s MgO 

X 6 2053 626 

DC6 2156 657 

DC6 2279 695 

9 , 1 1 - 1 2 (v) 5 2 . 1 3 + 1 . 7 1 

1 0 . 1 6 (v) 4 5 . 9 3 + 3 . 0 0 

(») 49 .78+ . 1 4 

(v) 5 2 . 1 6 + 1 . 8 0 

(«) 5 5 . 3 9 

(v) 5 6 . 7 8 + 1 . 2 6 

13-15 

17-20 

21 

25 -26 

2 7 - 3 0 

5-8 

12 

16 

17-18 

20,22 

23-26 

27-30 

31-33 

34-37 

7-8 

2,4-5 

7,9-13 

14-19 

8-10 

5.95+1.85 20.89+3.01 4.17+ .60 Z.34+ .97 0.0 

6.87+ .28 23.25+2.68 11.50+1.24 2.71+ .7.8 0.0 

7.05+ .56 17.29+2.10 14.04+ .71 2.15+ .39 0.0 

7.08+ .42 17.30+2.08 7.46+1.28 1.29+ .SO 0.0 

7.09 14.89 5.41 .52 0.0 

7.83+ .44 11.99+ .81 7.15+ .01 .89+ .07 0.0 

(v) 51.16+1.27 7.21+ .30 17.21+ .74 10.32+l.OV 1.80+ .32 0.0 

(•> 55.06+1.76 8.34+ .01 14.36+ .70 5.26+ .00 2.09+ .10 0.0 

7 .0 ' 17.93 8.65 1.63 0.0 

17.48 3.90 1.37 2.39 .13 

9.54+2.44 14.37+1-53 4.37+ .74 .66+ .20 0.0 

12.48+ .89 11.73+ .67 3.75+ .37 .95+ .14 0.0 

7.27+ .23 18.56+2-44 10.5% .58 2.58+ .19 0.0 

7.25+ .25 16.57+ .62 6.16+ .34 .79+ .13 0.0 

6.55+ .19 22.22+ .28 10.20+ .22 2.33+ .08 0.0 

6.37+ .52 25.11+1.30 12.31+ .42 2.07+ .59 0.0 

(m) 53.37+1.79 17.51+1.76 6.7(1+ .23 2.88+ .64 4.88+1.25 0.0 

(v) 59-70+3.81 5.56+1.18 12.75+1.53 5.49+ .60 .41+ .19 0.0 

(a) 53.18+4.78 8.86+4.07 16.42+1-84 3.11+1.34 2.70+2.14 0.0 

(v) 57.87+4.09 4.06+ .30 15.59+2.94 5.06+ .25 .30+ .04 0.0 

(B) 54.66+1-42 14.42+ .79 10.82+ .97 .83+ .15 4.57+ .49 0.0 

(m) 51.76 

(a) 57.61 

(») 55.83+ .07 

(m) 56.89+1.35 

(v) 49.96+2.67 

(v) 53.44+2.24 

(v) 47.60+ .26 

(v> 44.84+2.27 

2.45+1.79 3.80+1.46 8.28 

.83+ .10 .66+ .48 8.26 

.77+ .06 .42+ .36 8.49 

.34+ .11 6-03+1.49 8.34 

.16+ 8.40 

8.48 

8.40 

6.86 

8.14 

.36+ .01 6.45+ .49 8.56 

.54+ .04 3.34+1.03 8.42 

.96+ .10 5.45+ .52 

1.03 3.51 

6.21 2.06 

.74+ .08 6.68+1.83 8.51 

.53+ -05 4.97+ .31 8.69 

.96+ .04 1.67+ .45 8.41 

.254 •<•' ' • " * • » • • " 

.54+ .02 2.30+ .17 8.26 

.87+ .39 .21+ .05 8.22 

3.93+ .18 2.024 .21 8.71 

.67+ .43 6.85+ .27 8.57 

2.11+1.25 5.26+2.10 8.37 

.56+ .17 8.15+ .94 8.40 

3.78+ .17 2.30+ .54 8.63 



TABLE 6 (Cont.) 

CHEMICAL COMPOSITION OF CLAYS 

Sample nt Analysts Ntmber S10 2 AI2O3 F e 2 0 3 * HgO CaO BaO Ka 20 K20 H 20 

DC6 2279 695 C 11,13 (n) 53.66+ .74 5.26+2.00 17-12+ .91 4.99+ .21 2.60+1.17 0.0 .90+ .37 7.20+ .26 B.27 

C 14-16 (v) 56.51+2.06 3.66+ .39 16.89+1.28 4.93+ .28 .23+ -01 0.0 -41+ .03 9.07+ .65 8.30 

C 17-16 (v) 56.64+3.30 3.69+ -07 16.26+1.24 5.09+ .05 .33+ .16 0.0 .35+ .00 9.33+ .36 8.31 

C 19-20 (v) 55.19+ .11 3.95+, -09 17.92+ .07 4.82+ .06 .26+ -04 0.0 .31+ .02 9.30+ .12 8.25 

DC6 2282 696 C 9-11 (a) 50.03+ .64 10.32+1.27 18.05+ .84 1.85+ -42 5 . 0 0 + . 18 0.0 2.85+1.10 3.61+ .73 8.28 

C 12-13 (v) 50.86+1.24 5.4% .31 26-57+ .62 3.62+ .09 1.99+ .01 0.0 -85+ .14 2.28+ .14 (.25 

C 15-18 (a) 50.31+2.90 11.39+1.21 16.51+3.14 1.72+ .55 5.18+ .40 .11+ .08 3.80+ .34 2-64+ .89 8.34 

C 19-23 (v) 40.58+ .80 5.40+ .30 28.42+2.88 4.98+ .48 2.05+ .31 0.0 1.021 • • ' ' - 3 7 ± , 1 2 * • " 

G 7 (•) 48.80 4.53 If.17 6.62 10.82 0.0 .29 2.59 8.19 

G 9-11 (a) 40.32+3.07 4.59+1-48 21.12+3.39 7.04+2.58 8.22+4.04 0.0 .56+ .14 1.99+ .97 8.16 

0 18-19 (a) 51.48+3.34 6.02+ .11 24.45+ .90 3.79+ .05 1.42+ .07 0.0 .69+ .09 3.89+ .39 8.26 

H 26-30 (v) 47.58+3.32 6.21+ .95 27.96+2.15 4.12+ .35 2.94+ .80 0.0 .96± .10 ;'.09± .46 8.14 

H 31-34, (v) 51.31+2.27 5.54+ .26 23.76+ .87 5.62+1.83 1.56+ .22 0.0 .89+ .13 3.02+ .69 8.29 

41-43 ~ ~ I ~ ~ 

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 15-16 (v) 50.21+1.33 7.08+. .27 21.72+ .66 7.53+2.61 2.73+ .78 63+ .33 1.19+ .07 .56+ .14 8.36 

A 36-45 (v) 50.06+2.19 6.81+ .77 22.24+3.24 8.66+1.76 2.18+ .61 0.0 1.131 - 2 3 > 5 2 ± • • ' 8 > 3 9 

DC6 2403X 732 A 7 (a) 51.06 5.74 22.81 7.12 1.52 0.0 1.09 2.33 8.33 

A 9-15,19 (f) 52.75+2.34 5.96+ .65 20.76+1.23 5.99+ .47 1.40+ .16 0.0 1.27+ .21 3.50+ .70 8.36 

A 20-21 (f) 55.32+1.56 5.72± .17 16.86+1.51 6.36+ .17 1.80+ .66 0.0 1.39+ .02 4.08+. .09 8.46 

B 16-19 (v) 45.49+2.19 6.06+ .37 25.37+1.95 10.11+1.08 2.57+ .13 .04+ .04 1.17+ .21 2.04+ .12 8.15 



TABLE 6 CCont.) 

CHEMICAL COMPOSITION OF CLAYS 

Sample m A n a l y s i s Number SIO2 AI2O3 F e 2 0 3 * HgO CaO BaO Na 2 0 K 2 0 H 2 0 

20,26 (a) 51.09+5.96 

21-22 (a) 50.83+ .86 

28 (a) 50.31 

1-7 ( V ) 58.56+1.67 

DC6 2403X 732 B 20,26 (a) 51.09+5.96 14.70+1.26 11.55+1.52 2.57+ .83 4.82+2.04 0.0 44.74+1.17 2.02+ .59 8.51 

7.80+1.62 22.36+2.37 4.33+ .57 2.16+ .18 0.0 .99+ .18 3.21+ .35 8.31 

5.76 19.60 6.43 6.67 0.0 1.25 1.69 8.2H 

5.65+ .39 21.38+ .32 4.30+ .58 1-08+ .."> .03+ .03 .79+ .12 4.90+ .58 8.32 

DC6 2464 751 D 9-10,12 C.) 50.57+1.36 26.60+ .98 .51+ .05 .05+ .02 7.98+ .94 0.0 5.14+ .56 .29+ .06 8.86 

14,16 ~ - _ -

D 13 (a) 51.35 1.88 12.41 14.73 10.61 0.0 .25 .38 8.39 

D 17-18 (•) 56.85+4.08 6.58+1.00 15.10+ .62 4.97+1.19 1.05+ .45 0.0 .98+ .51 5.97+ .40 8.4» 

D 19,21 (a) 46.73+1.83 2.30+ .19 17.79+1-19 11.52+ .46 12.28+2.67 0.0 .46+ .06 .82+ .86 8.12 

D 29-30 (•) 55.54+7.32 7.67+1.82 14.36+ .64 6.20+ .83 .74+ .39 0.0 .68+ .02 6.35+2.5* 8.48 

E 3-7 (a) 52.85+5.24 5.82+ .80 18.40+3.98 5.09+ .48 5.37+2.96 0.0 .59+ .08 4.39+1.23 8.2* 

E 17-19 (a) 54.63+2.41 4.94+ .69 18.44+3.45 4.85+ .72 1.92+2.03 0.0 .34+ .01 6.54+ .73 8.32 

E 22-.".5,28 (v) 57.61+3.26 3.07+ .42 15.63+1.93 4.75+ .21 .46+ .01 0.0 .26+ .05 7.88+ .39 8.43 

E 29-31 (v) 57.56+2.27 6.79+ .94 13.39+ .76 5.05+ .19 .39+ .07 0.0 .24+ .07 6.69+ .11 8.48 

E 32-35 (v) 55-64+1.19 5.03+ .93 16.43+ .51 4.96+ .42 .30+ .01 0.0 .12+ .02 9.20+ .14 8.31 

F 36-41 <v> 55.48+2.53 .27+ .10 20.37+1.72 5.98+ .71 .02+ .01 0.0 0.0 _ 9.74+ .72 8.15 

F 42-44 (v) 55.19+ .32 3.78+1.29 17.78+1.89 5.02+ .15 .18+ .12 0.0 ,04+ .01 9.77+ .32 8.24 

DC6 2533 772 B 1,10 (!' 53.64+ .30 3.58+ .33 11.83+1.03 18.55+ .36 1.14+ .03 0.0 1.84+ .06 .79+ .16 8.62 

B 2 ({) 50.53 4.02 17.12 17.40 .95 .02 1.12 .35 (.49 

B 3,8,9 ( 0 47.70+2.24 4.33+ .18 20.85+ .57 15.72+1.09 .90+ .10 0.0 1.62+ .14 .54+ .07 8.33 

B 4-7 (f» 51.24+3.50 3.09+1.19 22.59+ .19 10.00+3.06 1.58+ .30 0.0 1.25+ .40 1.94+1.25 8.31 



TABLE 6 (Cont.) 

CHEMICAL COMPOSITIOH OF CLilYS 

Sample m Analysis Number SIO2 AI2O3 Fe 203* MgO CaO BaO R a 2 0 K 2 0 H 2 0 

DC6 2533X 772 C 1-5 (m) 47.78+1.81 6.31+ .24 22.16+ .3f 12.07+ .35 

C 16-20 (m) 48.36+1.64 6.77+1.34 21.15+2.47 11.42+1.96 

D 1-2 (£) 51.11+2.45 3.21+ .14 23 82+ .56 9.94+ .67 

D 4-7 (f) 53.38+1.61 2.58+ .38 23.89+ .74 7.28+ .66 

D 8,9,12 (f) 46.97+ .34 4.42+ .26 23.55+1.70 12.91+ .74 

D 13-16 (f) 48.76+2.56 3.97+ .01 20.91+2.24 15.02+ .98 

D 17-20 (f) 52.03+1.84 2.92+ .22 17.36+ .38 16.55+ .17 

D 24-28 (f) 49.68+1.81 3.64+1.31 19.66+3.45 15.03+1.?6 

DC6 2695 821 A 3-6 (n) 57.77+3.11 12.58+1.11 8.31+1.00 .32+ .40 

A 10-12 (a) 57.16+2.76 11.26+1.37 l l . 5 0 j l . 2 3 .70+ .63 

A 18,22, (v) 55.68+ .71 6.04+ .20 16.06+ .64 5.83+ .34 

24-25 ~ ~ 

A 33-34,37 (v) 58.41+2.29 12.68+4.09 7.91+3.86 1.69+1.42 5.62+1.03 .37+ .42 2.40+ .72 2.17+1.59 8.75 

B 7-9 (•) 56.37+1.93 6.60+ .49 15.5% .60 5.87+ .09 .63+ .07 0.0 .72+ .09 5.81+ .32 8.49 

B 17 (m) 56.61 6.22 16.42 6.13 1.07 0.0 .38 4.44 8.53 

B 18 <») 48.51 6.57 16.24 8.74 9-44 .04 1.42 .79 8.28 

C 3-6 <v> 56.70+10.28 5.91+2.24 16.97+1.98 6.93+3.97 2.94+2.74 .04+ .05 .84+ .50 1.06+ .66 8.61 

C 18-20 (v) 56.90+1.01 6.58+ .27 14.85+2.76 5.20+1.01 .52+ .17 0.0 .29+ .03 7.20+ .40 8.47 

C 21-23 (v) 56.84+2.20 6.74+ .14 13.99+1.81 6.41+ .48 .50+ .11 0.0 _ .36+ .09 6-65+ .36 8.31 

C 24-26 (v) 49.85+3.27 5.28+ .10 10.50+ .80 13.87+.1.33 .73+ .08 0.0 1.49+ .53 1-88+ .63 8.40 

C 36-40 <m) 54.65+4.01 13.26±3.50 10.27+4.33 1.31+1.95 3.85+ .23 .07+ .05 2.72+ .83 5.33+2.71 8.53 

1.28+ .08 0.0 1.60+ .15 .47+ .05 8.34 

1.42+ .43 0.0 1.76+ .47 .76+ .56 8.36 

1.68+ .12 0.0 1.05+ .00 .85+ .40 8.34 

1.42+ .34 0.0 .83± .16 2.28+ .40 8.34 

1.91+ .49 0.0 1.63+ .11 .35+ .03 8.25 

1.05+ .15 0.0 1.53+ .46 .39+ .07 8.36 

1.27+ .21 0.0 1.01+ .13 .33+ .02 8.51 

1.43+ .23 0.0 1.70+ .32 .43+ .05 8.39 

5.01+ .88 .05+ .03 3.17+ .73 4.14+2.17 8.65 

-58-

4.73+1.10 .09+ .01 3.38+ .83 2.55+1.10 8.63 

-58-

.54+ .08 0.0 .45+ .05 6.9B+ .22 8.41 
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TABLE 6 (Cont . ) 

CHEMICAL COMPOSITION OF CLAYS 

Sample m Ana lys i s Number S 1 0 2 AI2O3 P e 2 0 3 * MgO CaO BaO N a 2 0 K 2 0 H 2 0 

DCC 2977A 907 B 7-8 (f) 43.89+2.88 4.67+ .51 33.77+ .80 5.83+ .63 1.28+ .06 .01+ .01 1.75+ .36 .81+ .13 7.98 

B 9,22 (£) 48.02+ .85 5.38+1.18 27.81+1.58 6.04+ .03 1.34+ .58 .01+ .01 1.B4+ .28 1.38+ .43 8.18 

B 10-11 (f) 53.98+ .12 5.16+ .09 22.03+ -02 4.68+ .23 .35+ .04 .02+ .03 .89+ .11 4.55+ .16 8.34 

B 12-14 (() 52.13+1.91 4.69+ .11 23.71+ .38 6.19+. .26 .77+ .04 0.0 1.55+ .29 2.65+ .30 8.32 

B 16,18 (f) 51.51+ .83 4.63+ .10 25.20+4.47 5.48+ .45 .63+ .24 .01+ .01 1.21+ .36 3.07+ .65 8.26 

E 7-9 (») 46.39+1.89 5.67+ .73 24.15+2-09 8.15+1.01 4.65+1.14 .03+ .03 1.56+ .32 1.25+ .20 8.15 

E 11-13 (v) 47.30+2.67 6.39+ .95 25.87+1.89 7.71+1.04 2.17+ .70 0.0 1.26+ 10 1.09+ .28 8.22 

E 15-16 (v) 53.41+1.86 6.25+ .35 21.22+1-34 5.63+1.47 2.41+ .27 .10+ .02 1.84+ .21 .70+ .10 8.45 

DC6 2977B 907 B l->-25* (f) 50.42+2.18 6.76+ .49 23.79+1-34 4.27+ .16 .76+ .14 .05+ .05 1.24+ .21 4.47+1.08 8.23 

C 11-12 (a) 44-84+ .37 5.79+1.46 26.83+2-11 6.91+ .40 6.72+1.75 .04+ .05 1.79+ .74 1-02+ .26 8.06 

C 14 (m) 50-74 18.04 8.88 2.27 5.56 .12 3.86 1.93 8.60 

C 15,20,21 (m) 66.86+3-20 14.06+ .30 .55+ -17 .06+ .04 1.11+ .50 .85+ .06 3.99+ .31 3.43+1.75 9.10 

DC 6 2999 914 A 18-19 <») AB.77+2.27 5.06+ .68 26.21+ .43 7.11+1.11 2-52+2.14 .03+ .04 .96+ .12 1.12+ .21 8.23 

A 27-28, <£) 50.12+1.39 5.01+ .13 26.54+ -98 5.16+ .40 .73+ .04 .02+ .03 2.92+ .59 1.27+ .20 6.24 
30-33 

B 20-24 (f) 45.56+1.49 6.03+ .37 2il.80+1.25 6.60+ .55 1.11+ .33 .03+ .03 3.03+ .75 .71+ .18 8.11 

B 26-30 (£) 48.02+1.78 4.69+ .48 26.43+1.36 7.49+1.05 .93+ .14 .02+ .03 3.87+ .93 .36+ -18 8.19 

B 31-35 (f) 45.90+1.03 5.65+ .17 26.64+ .46 10.30+ .28 .59+ .11 .02+ .04 1.66+ 20 1.05+ -10 8.16 

B 36 ({) 45.73 5.63 25.11 11.07 .41 .09 2.64 1.15 8.18 

B 37-39 (I) 55.39+2.48 3.95+ .28 25.18+ -79 3.32+ .14 .68+ .08 0.0 2.84+ .84 .21+ -05 8.44 

D 3-9 {«) 51.98+2.88 5.62+ .40 23.33+1.06 7.08+ .57 1.58+1.00 .03+ .03 1.46+ .40 .49+ -07 8.41 

D 13 («) 47.52 1.61 16.42 14.79 10.98 -06 .35 .06 8.21 



TABLE 6 (Cont . ) 

CHBIICAL CCHPOSITION OF CLAY 

Sample A n a l y s i s Number HgO 

DC6 3134 955 

DCb 3220 981 

DC4 3489 1063 

DC6 3581 1091 

K 1-7 (£) 4 8 . 3 3 + 2 . 3 9 7 . 27+ . 3 2 28 .62+ . 7 5 2.30+ . ,18 1.09+ . 14 

A 8 ( f ) 4 8 . 8 4 6 .27 2 9 . 6 6 3 .00 . 79 

A 10 ,12 :'•) 54 .76+1 .84 7 .09+1-00 23 .59+2-01 2 .27+ , .30 .96+ .12 

A 1 3 - 1 7 , 1 9 <£> 5 8 . 1 1 + 4 . 9 1 1 7 . 9 7 + 1 . 5 8 IB .41+5 .60 1.72+ , . 57 .97+ .57 

B ! 1 - 1 3 , 
15-16 

(a) 53 .80+2 .17 1 2 . 7 5 + ' . 1 1 1 1 . 2 4 + 2 . 0 9 1.09+ . .51 6 .40+ . 5 3 

B 1 7 - 1 9 , 
21 -22 

«> 49 .18+1 .83 7 .00+ . 2 1 2 7 . 6 2 + 1 . 4 4 3.08+ . 3 0 1.04+ . 0 9 

B 23-29 (£> 52 .84+2 .19 6 .78+ . 6 3 2 4 . 8 1 + 1 . 8 1 2 .37+ . 4 5 1.02+ . 2 1 

D 14-18 (•) 54 .62+2 .19 1 2 . 1 0 + 1 . 5 7 1 1 . 4 3 + 3 . 1 3 1.12+ . 8 9 5 . 8 0 + 1 . 2 7 

D 2 0 - 2 1 , 2 5 (m) 54 .34+2 .92 12 .74+4 .54 1 2 . 8 8 + 3 . 9 1 .72+ . 3 2 5 .28+1 .92 

A 1 - 2 , 4 - 7 (£> 46 .32+ .73 8 . 5 2 + . 40 3 1 . 5 7 + 1 . 1 0 1.77+ . 1 1 .68+ . 0 9 

A 8-12 (f> 52 .66+1 .25 6 .30+ .93 27 .42+2-79 1.88+ . 3 2 .76+ .16 

A 13-14 On) 39 .74+1 .30 6 . 4 4 + 3 . 1 9 3 7 . 8 8 + 3 . 3 7 1.90+ . 8 0 3.22+1.SO 

A 15 <»> 52 .56 11 .45 18 .10 1.00 2 .62 

A 16-17 <o) 59 .93+2 .77 14 .30+ .52 6 . 6 5 + 1 . 3 6 .35+ . 1 3 2 .13+2 .10 

C 7-18 C£) 4 8 . 4 6 + 1 . 1 8 6 . 9 1 + . 4 6 2 9 . 9 6 + 1 . 8 4 2 .47+ . 2 8 . 9 6 + . 1 0 

C 11-15 ( f ) 56 .47+2 .86 5 . 8 1 + 1 . 3 2 2 2 . - M + 2 0 B 1.17+ . 3 3 2 .71+2 .01 

B 15 (ID) 49 .67 5 . 6 8 2 6 . 3 8 1.87 3 .87 

B 2 1 - 2 4 , 
28-30 

ill 47 .60+2 .0? 4 . 8 6 + 1 . 1 3 29.13;+4.47 4.78+1 . 9 3 1.30+ . 1 8 

A 2 7 , 2 8 , 3 1 (I) 53 .78+6 .18 13 .17+ .94 9 . 9 1 + . 8 6 1.13+ .41 7.60+ . 9 8 

A 26 M 5 5 . 1 3 17 .88 4 . 1 9 . 4 3 6 .85 

NA 2 . 1 9 + . 7 9 1.52+ . 15 8 .19 

HA .92 2 .35 8 .17 

NA 1.44+ . 2 8 1.42+ . 3 3 8 .47 

HA 2 . 1 9 + . 1 0 2 .01+ . 5 4 8 . 6 2 

NA 4 .01+ . 3 8 2.18+ . 1 0 8 . 5 4 

NA 2 .27+ . 45 1.59+ . 18 8 . 2 2 

NA 2 . 4 3 + . 8 2 1.39+ .36 8 .37 

HA 3 .34+ . 8 7 3 .05+ . 4 5 8 .S4 

HA 3 .56+ . 94 1.88+ . 34 8 .57 

.02+ . 0 2 2 . 0 8 + . 2 0 .89+ . 2 5 8 .14 

.03+ .06 1.64+ . 2 9 .95+ .31 8 .35 

.02+ . 0 2 2 . 2 6 + . 75 .76+ . 4 6 7.77 

.21 4 . 6 4 .96 8 .46 

.15+ .06 3 . 6 4 + . 3 8 4 . 0 % . 0 7 8 .81 

.06+ . 0 3 2 . 1 8 + . 7 2 .82+ . 1 3 B.19 

.08+ . 08 2 . 2 4 + . 2 6 1.02+ . 3 2 8 .46 

0 . 0 2 . 5 1 1 .87 8 . 1 6 

KA 3 .60+ . 4 6 .61+ . 5 9 8 . 1 3 

NA 3 .97+ .36 1.89+ . 45 8 .55 

HA 5 . 0 9 1.68 8 .75 



TABLE 6 ( C o n e . ) 

CHEMICAL COMIOSITIOH Of CLAYS 

Sample m A n a l y s i s Number £102 * l - 2 0 3 p < 5 2 ° 3 * HBO C a 0 B* 0 N a 2 ° ^2° n 2 ° 

DC6 3581 1091 B 9,12 (a) 54.29+4.66 5.22+ .52 20.244; .61 5.00+ .34 .79+ .25 NA 0.66+ .01 5.45+ .71 8.34 

B 13-15, (f) 63.14+3.91 5.54+2.72 12.90+3.31 3.46+ .97 .6B+ .40 uA 0.87+ .64 4.57+ .82 8.74 

17-20 "" ~ " 

CC6 3636 1108 A 12-13,15 (n) 51.80+1.95 6.35+ .25 22.43+3.26 4.83+1.3V 3.39+ .97 0.0 1.09+ .36 .95+ .61 8.36 

A 14 0 0 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 3-14 8.54 

B 2-6 (v) 55.10+2.91 9.12+ .61 17.56+2.04 3.80+ .29 1.57+ .56 HA 1.37+ . 2 0 2 .94+ . 7 1 8.54 
C 8-9,11 (») 51.97+2.57 6.34+1.23 25.08+2.26 2.62+. .46 3.15+ .96 0.0 1.96+ .47 .54+ .44 8.34 

13-15 "" ~ ~ 

DC6 3684 1123 C 31-35 (I) 49.06+2.89 6.26+ .41 26.32+1.67 5.16+1.11 2.50+ .31 .06+ .06 2.33+ .41 .05+ .06 8.26 

DC6 3761 1146 B 7-10 (v) 49.17+2.03 14.41+1.92 11.78+1.63 3.80+.72 7.22+1.25 .06+ .08 3.53+ .24 1.58+ .53 8.45 

DC6 3761X1146 A 23-28 (v) 47.17+1.13 8.68+ .23 20.63+2.20 10.11+1.45 1.72+ .44 0.0 1.69+ .28 1.68+ .90 8.32 

A 29,31 (v) 50.60+ .39 7.78+ .24 18.38+2.26 8.62+1.27 1.59+ .06 0.0 1.37+ .03 3.30+ .47 8.38 

A 30 (v) 49.19 9.10 , 14.26 6.21 8.13 0.0 1.95 2.85 8.30 

A 32-33 (v) 51.94+ .84 9.11+ .13 16.05+ .27 6.28+ .49 2.11+ .95 .02+ .02 .97+ .20 J.13+ .02 8.39 

A 34-38 <v> 42.17+2.2E 9.13+ .86 26.60+3.11 9.81+1.16 1.30+ .40 .03+ .07 2.79+ .47 .04+ .08 8.14 

B 12-16 («) 50.59+2.40 13.16+1.57 12.43+3.32 3.07+1.09 6.01+1.14 .08+ .08 3.35+ .69 2-91+ .99 8.43 

B 18-20,23* (v) 43.08+1.83 8.32+ .81 25.04+2.11 11.50+ .95 2.15+ .19 0.0 1.72+ .10 0.0 8.19 

B 27-28 (v) 41.80+1.63 8.76+ .66 27.19+2.79 10.00+ .53 1.46+ .05 .01+ .01 2.66+ .21 0.0 8.11 

B 29 (v) 43.07 8.81 26.20 10.02 1.4C .03 2.21 .01 8.17 

» 30 (») 42.93 8.75 26.59 9.92 2.00 0.0 1.63 0*0 8.17 



TABLE 6 (CTOt.) 

CHEMICAL COMPOSITION OF CLAYS 

Sample tn A n a l y s i s Number S 1 0 2

 A 1 2 ° 3 F e 2 0 3 * MgO CaO B*0 Na 2 0 K 2 0 H 2 0 

DC6 3861 1177 B 9 (m) 6 3 . 3 4 10 .12 8 .28 .22 

3 1 0 - 1 1 , (m) 5 1 . 0 8 + 3 . 3 2 6 .57+ . 9 3 2 6 . 1 1 + 3 . 6 0 1.70+ . 6 6 
13-14 ~ 

B 12 (m> 5 7 . 8 2 8 . 4 4 13.72 .66 

B 1 6 - 1 7 , 1 9 (£ ) 46 .30+1 .74 7 .22+ .35 31 .71+ . 6 2 2 .40+ . 2 5 

DC6 4220 12B6 A 21-25 (v) 51 .08+1 .56 3 . 7 3 + . 20 31 .93+ . 6 4 1.79+ . 0 7 

A 26-31 (» ) 51 .88+1 .52 3 . 7 4 + . 08 32 .07+ . 8 1 1.74+ . 1 3 

A 32-34 (v) 52 .11+7 .62 4 . 8 6 + 1 . 3 9 2 9 . 9 3 + 5 . 8 8 1.80+ . 3 0 

B 1 6 , 1 8 , 2 1 (« ) 6 1 . 0 9 + 1 . 4 6 8 . 0 3 + 1 . 2 3 1 4 . 0 6 + 3 . 6 3 1 .80+1 .09 

B 19 ,20 (E) 54 .54+ . 1 0 4 . 3 1 + . 10 28 .21+ . 9 9 1.83+ .07 

Legend 

* Tota l Iron c a l c u l a t e d aa Fe 2 C3 
** S t o i c h i o m e t r i c H 2 0 
Nuaber - aaapla nuobor o£ e l e c t r o n mlcroprobe ana lya la 
+ • acandard d e v i a t i o n 
A, B, X - a d d i t i o n a l a e c t l o n a t e p e c l f i e d depth 
(v) - v e i l c l a 
( f ) - f r e c t u r e 
(m) - a a t r l x 

2.07 .12 3.14 3.88 8.83 

1.88+1 .58 .03+ .05 2.88+ .38 1.4B+ .22 8.26 

3.95 .07 2.16 4.66 8.52 

.52+ .06 .06+ .06 2.16+ .73 1.56+ .62 8.09 

.98+ .10 NA 2,1?* .58 .09+ .02 8.21 

1.10+ .06 NA 1.10+ .42 .11+ .03 8.26 

1.27+ .26 NA 1.40+ .18 .34+ .33 8.30 

3.15+1 .51 HA 2.10*1 .33 .99+ .10 8.78 

3.36+ .26 NA 1.13+ .20 .23+ .01 8.39 



TABLE 7 

CMtMICAL COMPOSITION OF PLAGIOCUSE 

Saaple m A n a l y s i s Nuiiber S 1 0 2 A 1 2 0 3 ? e 2 0 3 » HgO CaO BaO Na 2 0 K 2 0 T o t a l 

DC2 2507 764 A 22 5 7 . 3 2 2 6 . 5 0 1 .19 . 14 9 . 3 4 HA 5 .54 . 51 1 0 0 . 5 4 

A 23-25 5 8 . 0 5 + . 79 26 .44+ . 6 6 1 .65+ . 5 0 .31+ . .22 9 . 6 2 + . 3 3 HA 5.22+ . 12 .48+ .06 101 .77 

J. 28-29 60 .61+ . 9 9 2 4 . 0 4 + 1 . 2 4 1 .16+ . 6 6 .15+ , .16 1 . 21+ . 0 7 NA 6.76+ . .27 .79+. . 0 6 9 9 . 7 2 

DC2 2926 892 B 9-11 5 4 . 7 9 ± 1 . 3 5 27 .28+ . 7 5 .81+ . 0 5 .12+ , .01 1 0 . 4 5 + 1 - 0 5 . 0 4 + •03 5 .46+ . ,55 .54+ . 14 9 9 . 4 9 

DE4 2466A 752 C 1 .3 5 6 . 3 2 + 2 . 8 8 ' 6 . 3 2 + 3 . 3 7 1 .36+ . 4 0 .19+ . 08 8 . 8 5 + 2 . 6 8 . 0 7 + . 0 2 6 .05+ . .98 . 9 4 + . 4 9 1 0 0 . 0 8 

DH5 2633 803 A 1 - 3 . 5 , 7,l6 5 5 . 1 2 + 1 . 4 4 26.1C+ . 4 9 1.15+ . 1 4 .11+ .07 9 . 1 8 + . 4 7 . 0 2 + . 0 2 6 .00+ , . 2 3 .43+ . 0 7 9 8 . 1 9 

DHS 2668 813 A 15 5 1 . 8 2 2 3 . 1 0 4 .85 2 . 8 1 1 0 . 7 7 . 0 0 4 . 3 4 . 3 5 9 8 . 0 3 

B 11-14 5 5 . 0 8 + . 8 8 27 .53+ . 3 2 1 .05+ . 1 1 .18+ .06 1 0 . 3 7 + . 0 6 . 0 5 + . 0 5 5 .73+ . 1 5 .44+ . 0 5 1 0 0 . 4 3 

DC6 2011 613 D 2-8 5 4 . 7 7 + 1 . 1 0 28 .48+ . 4 6 .96+ . 1 8 .16+ . 0 3 1 0 . 6 1 + . 4 2 . 0 0 5 .28+ . 2 3 .40+ . 0 7 100.6 . -

E 2 , 5 - 8 , 
45-49 

5 6 . 6 5 + 1 . 0 1 25 .18+ . 8 0 1 .51+ . 2 7 .18+ . 0 5 9 . 0 3 + . 8 2 . 0 5 + . 0 5 5 .84+ ..'i 2 .54+ . 0 8 9 8 . 9 8 

E 11 5 3 . 6 7 1 9 . 4 4 6 .55 2 . 5 8 1 1 . 6 3 . 0 4 4 . S3 . 4 3 99 .17 

F 1-20 5 5 . 0 4 + 1 . 3 9 25 .85+ . 8 2 1 . 8 1 + 1 . 4 3 .25+ . 2 1 9 . 9 6 + . 8 2 . 0 4 + . 0 4 5 .37+ . 3 5 .46+ . 19 9 8 . 7 9 

DC6 2053 626 E 2-4 5 5 . 1 7 + 1 . 6 3 2 5 . 9 0 + 1 . 6 4 1 .48+1 .07 0 .31+ . 3 3 9 . 7 5 + .47 0 . 0 5 .28+ . 7 9 .61+ . 4 9 9 8 . 5 3 

E 11 5 6 . 6 6 2 5 . 9 0 . 84 . 09 . 9 0 . 0 8 6 . 3 4 .57 9 9 . 3 8 

DC6 2156" 657 B 10 5 2 . 1 1 2 7 . 9 0 1 .65 . 4 4 1 1 . 8 1 . 0 1 4 . 2 7 . 55 9 8 . 1 1 

DC6 2279 695 B 1-5 53 .32+ . 6 9 28 .65+ . 7 4 .78+ . 1 3 .19+ . 0 1 11 .54+ . 4 0 0 . 0 4 .57+ . 2 2 . 5 2 + . 2 5 9 9 . 7 5 

C 1 - 5 , 7 5 2 . 7 5 + 1 . 0 0 2 9 . 6 6 + 1 . 2 7 1 .10+ . 3 2 . 2 7 + . 0 9 1 1 . 8 4 + . 7 0 . 0 2 + . 0 1 4 .45+ . 2 1 . 5 9 + . 3 4 1 0 0 . 6 6 

DC6 2282 696 C 1 - 6 , 8 5 5 . 3 6 + 2 . 6 8 2 6 . 8 8 + 2 . 3 6 1 .23+ . 4 6 .32+ .31 9 . 9 6 + 2 . 3 8 0 . 0 5 .60+ . 9 8 . 5 5 + . 3 9 9 9 . 9 2 

G 1 - 2 , 4 , 6 5 1 . 8 2 + 1 . 7 0 28 .64+ . 6 0 .99+ . 3 3 .17+ . 0 6 1 1 . 4 4 + . 4 2 . 0 7 + . 0 7 5 .03+ . 0 9 . 4 0 + . 1 2 9 8 . 5 3 

G 21-25 5 3 . 0 8 + 1 . 0 2 29 .04+ .12 .80+ . 1 2 .15+ . 04 1 1 . 6 4 + . 0 8 0 . 0 4 .91+ . 0 3 .30+ . 0 3 9 9 . 9 3 



TABLE 7 (Cont . ) 

CHEMICAL CCHPOSITION OF PLACICCLASE 

Saaple m A n a l y s i s Number SlOj AI2O3 F e 2 0 3 * MgO CaO BaO Hl 20 K 2 0 Total 

DC6 2403X 732 B 2 5 , 2 7 - 3 0 5 3 . 4 8 + 1 . 3 7 2 8 . 7 5 + 2 . 1 9 1 .64+1 .04 .33+ . 14 1 0 . 5 9 + 1 . 5 8 0 . 0 5.45+ .55 .46+ .16 100.71 

D 8-15 5 4 . 3 3 + 1 . 1 1 2 8 . 1 6 + 2 . 0 6 1 .54+1 .55 0 . 0 10 .93+ -89 0 . 0 4.99+ .37 .43+ .13 100.80 

DC6 2464 751 D 19 5 5 . 3 0 2 8 . 4 1 .85 . 14 1 0 . 6 3 . 0 7 4.78 . 4 1 100.59 

D 20 5 9 . 0 3 2 5 . 4 1 . 80 . 0 3 7 .16 . 04 6.37 .79 99.64 

D 31-35 5 3 . 2 5 + .67 2 8 . 7 7 + . 5 4 1.11+ . 5 1 . 0 9 + -. 08 11 .18+ . 3 6 . 0 3 + . 0 2 4.62+ .15 .40+ .11 99.45 

E 1 - 2 , 8 - 1 5 53 .61+ . 8 3 27 .83+ . 6 7 .98+ . 2 6 .09+ . 0 3 11 .11+ .57 . 0 5 + . 0 2 4.78+ .30 .36+ .03 98.81 

E 1-2 54 .42+ . 7 0 2 7 . 0 8 + . 0 1 1.03+ . 0 3 .06+ . 04 10 .37+ . 1 1 . 0 8 + . 0 2 5.15+ .16 .46+ .07 98.63 

E 8-10 53 .13+ . 7 2 27 .93+ .97 1.06+ . 5 1 .10+ . 0 3 11 .51+ . 4 6 . 0 5 + . 0 3 4.56+ .19 .34+ .09 98.68 

E 13-15 5 3 . 7 6 + 1 . 0 8 2 8 . 1 2 + . 5 9 .87+ . 0 8 . 0 8 + . 0 2 11 .04+ . 6 2 . 0 4 + . 0 1 4.81+ .37 .35+ .02 99.07 

E 20 5 3 . 0 6 2 8 . 0 2 . 89 .12 1 1 . 4 8 .07 4.62 . 2 3 98.54 

E 26 5 3 . 5 4 2 7 . 9 7 1 .04 . 0 9 1 1 . 2 6 . 04 4.75 . 3 3 99.02 

DT5 2533 772 C 6-10 5 5 . 1 0 + 2 . 9 2 2 8 . 1 5 + 1 . 4 8 .91+ . 0 6 .15+ . 0 6 1 1 . 2 6 + 1 . 7 8 0 . 0 5.35+1.02 .30+ .14 101.22 

DC6 2695 621 B 1-5 53 .91+ .54 2 7 . 9 7 + . 5 7 .57+ . 0 3 .17+ . 0 1 1 1 . 9 6 + .77 . 0 4 + . 0 4 4.72+ .28 .26+ .04 91.60 

B 10-16 5 3 . 0 9 + 1 . 0 7 2 7 . 7 0 + . 6 3 .88+ . 5 0 .23+ . 14 11 .95+ . 5 1 0 . 0 4.63+ .12 .331 • » 98.81 

B 20-21 5 7 . 5 5 + 1 . 3 9 2 6 . 2 5 + 1 . 4 6 .91+ .17 .12+ . 0 8 9 . 3 5 + 1 . 0 3 0 . 0 5.93+ .76 .46+ .10 100.57 

C 2 8 , 3 4 , 3 5 5 2 . 1 6 + 1 . 2 9 2 8 . 1 8 + 1 . 7 5 .77+ . 1 2 .13+ . 0 2 1 1 . 3 7 + 1 . 3 0 0 . 0 4.41+ .63 .26+ .07 97.28 

DC6 2977A 907 B 1-6 53 .41+ . 99 26 .19+ . 71 1.38+ . 2 1 22+ . 0 7 10 .30+ .57 . 0 6 + . 0 4 4.94+ .35 .27+ .07 96.77 

D 19 5 5 . 1 2 2 7 . 4 5 .96 . 19 1 1 . 8 1 .02 4.91 . 2 3 100.69 

D 20-27 52 .92+ . 64 27 .34+ . 2 9 .76+ . 1 3 .13+ . 0 3 10 .49+ .74 . 0 5 + . 0 7 5.12+ .44 .23+ .01 97.04 

E 1 -2 ,5 5 3 . 3 2 + 1 . 4 0 2 7 . 9 9 + . 6 0 .94+ .17 .18+ . 05 11 .95+ .19 .01+ . 0 2 4.42+ .13 .12+ .05 98.93 

DC6 2977B 907 B 1-4 5 4 . 0 1 + 1 . 1 3 2 8 . 7 9 + . 5 0 .80+ . 0 8 .23+ . 0 5 12 .00+ . 08 .i 2+ . 0 4 4.58+ .19 .19+ .05 100.69 



TABLE 7 (Cont . ) 

CUJHICAL COMPOSITION OF PLAGIOCLASE 

Sample Anslys i s Number S 1 0 2 A 1 2 0 3 F«203* MgO (U 2 0 K20 

DC6 2977B 907 

DC6 2999 914 

DC6 3134 955 

DC6 3220 9B1 

IC6 3421 1042 

DC6 3581 1091 

DC6 3636 1108 

B 1 3 - 1 4 , 1 6 5 3 . 6 7 + 1 . 2 4 21 .89+ . 69 6 .46+ r . 5 3 1 .29+ • 30 7 .78+ . .19 0 . 0 4 .09+ . .17 1 .67+ . .35 9 6 . 8 5 

c 2-4 5 3 . 5 6 + 1 . 3 7 28 .89+ .77 .82+ . . 19 .19+ .02 12 .23+1 . .09 . 0 6 + .06 4 .60+ .31 . 2 8 + , .22 1 0 0 . 6 3 

c 9-10 5 4 . 9 7 + . 40 2 8 . 2 7 + 1 . 2 1 1 .04+ . 0 5 .18+ . 08 10 .75+1 , .94 . 0 2 + . 0 2 5 . 2 7 + .98 .49+ .01 1 0 0 . 9 9 

c 17 5 3 . 0 6 7.4.83 4 . 1 0 1 . 9 0 1 1 . 0 4 . 0 9 3 . 9 8 . 76 9 9 . 7 6 

B 1-2 53 .45+ . 9 0 27 .72+ . 0 2 .88+ . 1 9 .13+ . 0 1 1 0 . 6 6 + . .28 . 0 2 + . 0 2 5 .44+ .28 .36+ .01 9 8 . 6 6 

B 3 - 4 54.20+. . 57 29 .06+ . 4 7 .92+ . 3 2 .15+ .06 11 .62+ .22 . 0 4 + . 0 1 5 .07+ • 23 .28+ . 0 1 1 0 1 . 3 2 

B 1 1 , 1 3 - 1 4 5 4 . 5 3 + . 2 3 28 .81+ . 3 4 1 .20+ . 3 8 .16+ . 0 2 1 1 . 4 6 + . 25 . 0 3 + . 0 3 5 .24+ . 3 1 .30+ . 0 2 1 0 1 . 6 9 

B 16-17 54 .70+ . 2 2 27 .74+ . 2 9 1 .55+ . 1 1 .21+ . 0 2 1 0 . 9 8 + . 0 8 . 0 6 + . 0 2 5 .26+ . 2 1 .58+ . 2 3 1 0 1 . 0 5 

B 1 6 , 1 8 - 1 9 5 8 . 9 3 + . 9 3 2 6 . 0 2 + 1 . 4 3 .86+ . 3 1 .12+ . 0 4 8 . 7 3 + . 4 2 . 0 5 + . 0 4 6 .04+ . 4 7 .75+ . 3 0 1 0 1 . 5 1 

B 1 - 2 , 5 - 8 5 4 . 2 0 + . 8 2 2 6 . 7 6 + 1 . 3 2 2 .11+1 . 0 7 .34+ . 2 2 1 0 . 4 9 + . 6 4 KA 5 .21+ . 2 5 .31+ . 15 9 9 . 6 2 

B 10 ,14 5 8 . 5 2 + .26 2 3 . 0 4 + 2 . 5 5 3.10+2 . 8 3 .24+ . 2 1 7 .80+ . 55 HA 6 .74+ . 6 6 . 8 0 ^ . 0 1 1 0 0 . 2 4 

B 1 , 3 - 4 5 7 . 2 1 + 1 . 0 5 26 .61+ . 9 5 1.40+ . 3 4 .21+ . 15 10 .35+ . 6 2 MA 5 .44+ . 5 5 .46+ . 1 0 1 0 1 . 6 8 

A 1 8 , 2 0 - 2 1 5 5 . 1 3 + 1 . 4 2 2 6 . 9 4 + 1 . 4 4 1.51+ . 1 4 .22+ . 1 3 1 0 . 2 1 + . 6 2 . 0 4 + . 0 4 5 .43+ . 2 0 .28+ . 1 0 9 9 . 7 6 

A 8 5 8 . 2 1 2 3 . 2 8 1 .14 .07 7 . 2 5 . 2 2 6 .86 . 9 8 9 8 . 0 1 

A 14 5 6 . 5 5 25 .97 1 .74 . 2 1 9 . 1 5 . 0 5 5 . 0 2 . 5 8 9 9 . 2 7 

B 1 9 , 3 0 - 3 3 5 6 . 2 6 + 1 . 2 8 2 6 . 0 3 + 1 . 0 6 1 .37+ .72 .32+ . 4 2 1 0 . 3 6 + . 3 6 . 0 3 + . 0 3 5 .30+ . 1 8 .42+ . 0 9 1 0 0 . 0 9 

B 1 - 3 , 5 - 6 5 5 . 5 0 2 7 . 7 9 1 .11 •21 1 0 . 2 3 HA 5 . 5 3 . 4 3 1 0 1 . 8 0 

A 1-3 5 5 . 9 1 + 1 . 3 5 26 .90+ . 19 .74+ . 0 4 .16+ . 04 10 .96+ . 2 9 0 .0 5 .11+ . 0 8 . 4 7 + . 0 3 100 .27 

A 6 -9 5 5 . 4 8 + . 8 4 2 7 . 1 0 + . 6 3 .82+ . 1 1 . 2 0 ± . 0 2 1 0 . 7 8 + . 3 5 0 . 0 5 .25+ . 1 5 . 5 4 + . 0 7 1 0 0 . 1 7 

C 1-5 5 6 . 1 2 + 1 . 5 2 27 .68+ . 5 1 .74+ . 0 7 .15+ . 0 2 10 .98+ . 2 7 . 0 4 + . 0 5 5 .29+ . 2 0 . 3 4 + .06 1 0 1 . 3 4 



TABLE 7 (Coat . ) 

CHEMICAL CQ4P0SITIOS OP PLAGIOCLABE 

Sample A n a l y c i s Number S 1 0 2 " - 2 Q 3 ? e 2 ° 3 * HgO Na 2° K20 

DC6 3684 1123 B 1-5 56.27+1.48 

C 27-30 55.67± .15 

DC6 3761 1146 A 14-18 56.15+ .86 

3761X 1146 B 2,5-7 55.88+1.07 

DC6 3861 1177 B 1-2,4 56.11+ .54 

B 5-6,8 57.61+1.43 

C 1,3-7 57.26+ .74 

DC6 4220 1286 A 1-2,4-5,8-10 54.76+ .52 

B 5-9 54.74+1.07 

27.31+ .86 1.07+ .25 

26.63+ .48 1.19+ .25 

27.31+ .74 .90+ .04 

27.02+ .76 .82+ .04 

26.51+ .56 1.16+ .12 

25.27+ .68 1.25+ .40 

25.25+1.04 1.43+ .43 

28.05+ .58 .85+ .11 

27.76+ .42 1.06+ .48 

.17+ .14 9.61+ .93 

.14+ .09 9.86+ .95 

.19+ .05 10.98+ .32 

.14+ .02 10.60+ .28 

.11+ .03 10.15+ .19 

.15+ .07 10.05+1.00 

.16+ .12 8.77+ .67 

.10+ .03 10.58+ .52 

.11+ .03 10.59+ .41 

.10+ .04 6.04+ .63 

.02+ .02 5.92+ .26 

.19+ .17 5.15+ .17 

.05+ .04 5.87+ .15 

.09* .08 5.39+ .19 

.04+ .05 5.82+ .47 

.14+ .11 5.88+ .37 

NA 5.44+ .22 

HA 5.36+ .15 

.26+ .11 100.83 

.33+ .04 99.76 

.44+ .21 101.31 

.36+ .05 100.74 

.44+ .08 99.96 

.47+ .09 100.66 

•92+ .42 99.73 

.47+ .10 100.25 

.39+ .08 100.01 

Legend 

* Total Iron calculated as F«203 » 
Himber - eaaple number of electron microprobe analyals 
+ - standard deviation 
A, B, X - additional aectlon at apeclfled depth 
(v) - vehicle 
(£) - fracture 
(m) - aatrlx 



TABLE 8 

CHEMICAL COMPOSITION OF CLIKOPffiOXENES 

Sanple n Ana lys i s Number sio 2 A 1 2 0 3 FaO* MgO CaO BaO Na 2 0 K 2 0 T o t a l 

DC 6 2464 751 E 1 1 - 1 2 , 1 6 50.00+ . . 48 5.28+1 .82 1 4 . 3 2 + 1 . 0 8 1 4 . 8 2 + 1 . 8 3 1 5 . 2 8 + 1 . 8 2 0 .0 .21+ . .01 .04+ , .02 9 9 . 9 5 

DC6 2533 772 C 1 3 , 1 5 52.04+ , . 28 .76+ .26 22 .15+ .02 18 .63+ . 5 0 5 . 6 7 + . 2 2 0 .0 .11+ .03 . 0 0 9 9 . 3 6 

C 14 51 .68 1 .50 1 7 . 7 0 1 5 . 8 3 1 2 . 6 5 0 . 0 . 24 0 . 0 9 9 . 6 8 

DC6 2977B 907 C 6-8 51.79+1. . 55 1.79+ . 35 1 3 . 5 5 + 2 . 1 8 1 6 . 3 4 + 1 . 4 4 15.45jK3.31 .01+ , . 01 .23+ . 05 0 . 0 99 .16 

DC6 2999 914 A 1 3 , 1 5 52.03+1. . 7 1 1 .69+ . 40 12 .34+ .62 1 7 . 4 7 + 1 . 0 7 1 6 . 5 8 + 1 . 5 4 . 0 0 .22+ .02 0 . 0 1 0 0 . 3 3 

A 1 4 , 1 6 51.71+ . 2 3 1.23+ . 0 9 2 0 . 7 9 + 1 . 1 2 1 8 . 2 7 + 1 . 9 1 8 . 8 7 + . 8 3 .03+ . 04 .16+ . 0 1 .01+ .01 101 .07 

A 17 50 .79 2 . 8 5 1 6 . 8 4 1 3 . 5 3 1 5 . 1 7 . 0 4 .63 . 0 9 9 9 . 9 4 

B 5 -9 51.10+1 . 4 4 1.29+ . 19 19 .67+ . 8 9 1 6 . 9 6 + 2 . 8 4 1 0 . 2 3 + 2 . 6 8 .02+ . 0 2 .19+ . 05 .01+ . 0 1 9 9 . 4 7 

B 15 5 1 . 8 2 1 .5S 1 5 . 6 7 1 7 . 0 1 1 3 . 6 1 . 0 3 . 21 0 . 0 9 9 . 9 3 

D 14-15 52 .83+ . 4 6 .91+ . 05 1 9 . 4 2 + 1 . 2 9 1 9 . 4 4 + 1 . 3 5 7 . 3 5 + . 1 1 .02+ . 0 0 .12+ . 0 0 .02+ . 0 1 1 0 0 . 1 1 

D 2 8 - 2 4 51 .72+ . 7 7 1.59+ .27 11 .94+1 .16 17 .20+ . 7 3 1 6 . 6 6 + 1 . 7 9 . 0 0 .22+ . 0 3 .01+ .01 9 9 . 3 4 

DC 6 3."34 955 D 6 - 7 , 1 0 - 1 2 52 .60+ . 8 6 1.61+ . 2 8 1 9 . 2 9 + 2 . 5 8 1 4 . 4 6 + 2 . 0 2 1 2 . 9 3 + 4 . 0 0 NA .20+ . 0 8 .01+ .01 1 0 1 . 1 0 

DC6 3421 1043 A 3 -4 52 .16+ . 7 8 1.40+ .06 1 7 . 1 1 + 2 . 5 4 A . 2 3 + .66 1 4 . 3 0 + 1 . 5 7 . 0 3 ± . 0 0 .20+ . 0 8 0 . 0 9 9 . 4 3 

DC6 3489 1063 B 18 49 .36 1 .64 1 9 . 5 1 1 1 . 7 7 1 5 . 8 8 NA .67 0 . 0 9 8 . 8 3 

DC6 3636 1108 C 6-7 52.71+ . 1 9 .94+ . 05 18 .55+ . 1 1 21 .64+ . 15 4 . 4 2 + . 0 4 .02+ . 0 3 .02+ . 0 1 .01+ . 0 1 9 S . 3 1 

DC 6 3664 1123 C 3 6 - 4 0 50 .20+ . 6 2 2 .04+ . 9 3 1 5 . 3 1 + 1 . 2 9 1 5 . 0 7 + 1 . 4 4 1 5 . 1 2 + 1 . 2 0 .03+ . 0 6 .37+ . 1 3 0 . 0 9 8 . 1 4 

DC 6 3761 1146 B 1 , 3 - 5 51.32+ . 9 6 2 .63+ .51 1 2 . 0 6 + 1 . 4 3 16 .77+ . 69 1 6 . 2 5 + 2 . 2 8 . 0 2 + . 0 2 .25+ . 0 5 0 . 0 9 9 . 5 0 

DC6 3761X A 3 , 6 51.31+1 . 4 3 3 .25+ . 64 11 .87+ . 8 2 1 4 . 9 6 + . 2 7 17 .20+ . 1 8 .06+ . 0 8 .32+ . 0 1 0 . " 9 8 . 9 7 

*Tota l i ron c a l c u l a t e d as FeO 
Number - sample numbera of e l e c t r o n microprobe a n a l y s i s 
+ - s tandard d e v i a t i o n 

http://15.45jK3.31
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TABLE 9 

CRYSTALLIZATION ORDER IN DC2, DC6, DH4, AND DH5 
DETERMINED FROM THIN SECTION PETROGRAPHY 

Sample Depth (m) Crystallization Sequenca 

DC2 2240B (f) 682.8 Cl " C 7 

DC2 2282B (f) 695.6 ^1^2^1 "" **9 
DC2 2314A (f) 705.3 c i z i 

DC2 2448A 
F 

(f) 
(f) 

746.2 ClZl 
ClSi 

DC2 2507A (f) 764.1 ClSi 

DC2 2561A 
B 

(f) 
(f) 

780.6 c l z l s l s 2 
cl " C 3 Z 1 S 1 

DC2 2883A (f) 878.7 c l z l s l 

DC2 2926B (f) 891.8 Z1<=1 

DC2 2319C 
D 

(v) 
(v) 

706.8 CiCoZi 
Cl - C 3 Z X 

DC2 2359A 
B 
C 

(v) 
(v) 
(v) 

719.0 c l z l c 2 
Cl zl 
c l z l c 2 

DC2 2366A 
C 

(v) 
(v) 

721.2 c l z l z 2 
Cl zl 

DC2 2402D (v) 732.1 C l ^ l ^ ' ̂ 1 

DC2 2632D 
E 
G 

(v) 
(v) 
(v) 

802.2 CiZiC2 
c l z l c 2 
c l z l c 2 

DC2 2666B 
C 

(v) 
(v) 

812.6 C J Z J S J - S3 
c l z l s l " s 3 

DC2 2803D (v) 854.4 cl " C 3 Z 1 C 4 

DC2 3264B 
D 
E 
G 
I 

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

994.9 Ci — CoZjZ9S1 
Ci - C^Zj^Sj 
C| ~ C^ZjZ2S2 
Ci — C^ZiZoSi 
Ci - CqZiZoSi 
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TABLE 9 (Cont.) 

CRYSTALLIZATION ORDER IN DC2, DC6, DH4, AND DH5 
DETERMINED FROM THIN SECTION PETROGRAPHY 

Sample Depth (m) Crystallization Sequence 

DC6 2403XA* (f) 
XD (f) 

DC6 2533B (f) 
D (f) 

DC6 2977AB (f) 
BB (f) 

DC6 2999A (f) 
B (f) 

DC6 3134A (f) 
B 

DC6 3220A (f) 
C (f) 

DC6 3489B (£) 

DC6 3581A (f) 
B (f) 

DC6 3684E (f) 
C (f) 

DC6 3861B (f) 

DC6 201 ID (vl 
E (v1) 
F (v) 

DC6 2053C (v) 
E (v) 

DC6 2156D (v) 
E (v) 

DC6 2279A (v) 
A* (v) 
B (v) 
C (v) 

732.4 ClZl 
Cl 

772.1 Ci - C 3 

Cl " C 4SiS 2 

907.4 cl c2 
Cl 

914.1 Cl 
cl c4 

955.2 Cl " C3Z1 
CiCrtZi 

981.5 C1 C2 
CJC2ZJ 

1063.0 c i 

1091.0 ClZl CjZi 

1123.0 ClZl 
Cl 

1177.0 C1Z1 

613.0 cl c2 
c xc 2 

C1C2 

625.8 ci - c 4 

ci - c 4 

657.1 Ci - C3Z1 
C2C 3Z 1/Z 2 

694.6 Cl^l/Cl 
CiZj/Cj 
Cl 
Cl 

DC6 2282C (v) 
C* (v) 
H* (v) 

695.6 ClCnZiSi 
c 1 c 2 z ] s 1 

CJC2ZJS|S2 
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TABLE 9 (Cont.) 

CRYSTALLIZATION ORDER IN DC2, DC6, DH4, AND DH5 
DETERMINED FROM THIN SECTION PETROGRAPHY 

Sample Depth (m) Crystallization Sequence 

DC6 2330A 
B 

(v) 
(v) 

710.2 Cl 
Cl 

DC6 2403XB 
XD* 

(v) 
(v) 

732.4 cl zl sl CjZ^i 

DC6 2464E 
F 

(v) 
(v) 

751.0 Ci - C 3 

ci - c 3 

DC6 2695A* 
C* 

(v) 
(v) 

821.4 Ci - C 3ZiC 4 

Ci - C 3ZiC 4 

DC6 2977AE (v) 907.4 cl " C3 Z1 
DC6 3421A 

B 
(v) 
(v) 

1043.0 
1043.0 

Z l z 2 

ZiZ2 

DC6 3636B (v) 1108.0 1 1 1 2 
DC6 3761B 

XA 
XB 

(v) 
(v) 
(v) 

1146.0 CiC2 

C1C3 
Ci - C3S1 

DC6 4220A (v) 1286 Z ^ 

Di..'' 2438A (v) 743.1 C ^ 

DH4 2466AB (v) 751.6 C^j 
AC (v) CiZ 1C 2S 1 

BC (v) Cj - C3Zj 

DH5 2633A (v) 802.5 C ^ ! 

Legend 

C n = nth generation clay 
Z n = nth generation zeolite 
S n = nth generation silica phase 
(f) = fracture 
(v) = vesicle 
/ = phases are intergrown 
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TABLE 10 

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

Green Non-Green 
Sample City Clay Clinoptllollte Silica 

DC6 2977 AB 39 61 
HC6 3220 C 1 68 
DC6 2403 XD 50 50 
DC6 3489 B 100 
DC6 2533 68 
DC6 3134 B 59 
DC6 3581 11 27 
DC6 3684 B 45 
DC6 3684 C 100 

31 

41 

57 

55 

32 
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TABLE 11 

WET CHEMICAL ANALYSES OF FeO, ^2°3' ^ S A N D 

CATION EXCHANGE CAPACITIES FOR SELECTEP CLAYS FROM DC6 

OXIDE WEIGHT Z CEC (neq x g - 1 ) 
Fe 20 3 FeO A l ^ Ca NHj K XRD 

DC6 2279 (U) 
(P) 

14.06 
11.31 

4.89 
5.91 

7.06 
7.04 

DC6 3134 (U) 
(P) 

12.30 
11.06 

3.95 
4.10 

8.78 
8.57 

DC6 3324 (U) 
(P) 

18.51 
17.71 

4.46 
3.44 

6.69 
6,76 

DC6 3608 (U) 
<P) 

20.67 
21.64 

3.68 
2.80 

7.72 
7.38 

78 93 109 

I.F 

95 130 135 S.C.F 

93 103 113 C.S.Q.F 

Legend 

U = unprocessed 
P = processed 
S = smectite 
C = clinoptllolite 
I = illite 
F = feldspar 
Q = quartz 
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DH 5 DH4 

\ 

DDH I 

DC 2 DC 6 
% 

N 

J 
• Core hole 

DDH 3. 

< • * £ * • 
9S' S&i 

MILES 
2 4 6 8 

-I 1 I 
i 1 r 

0 5 10 15 
KILOMETERS 

XBL 796-7541 

Figure 1 
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SAMPLE LOCATIONS 

DC 6 

3 8 0 0 -

3900 - Typo of Qfto'irta Type of tompll 

4 0 0 0 -

EMP KRO SEM 

* • • 
* » O 

fraclun/brKcia 

3 EC — 1100 

XBLT96-T54J* 

Figure 2 
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DC6 2695 S2 20^ DC6 2695 S2 600X 

DC6 3538 S4 200X DC6 2989 S3 200X 

XBB 795-7476 

Figure 3 
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DC6 3387 S2 20X DC6 3387 S2 125X 

DH5 2 ^ 1 S2 20) L'C6 3089 S3 500X 
XBB 795-7475 

Figure 4 
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DC2 3264 S3A 200X DC6 3387 SI 2000X 

DH5 2831' SS 

DH5 2831 S4B 2000X XBB 795-7477 

Figure 5 
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DC6 2464 S4 

DC6 2464 S4 500X 

DC6 3038 S2 

DC6 2989 SI 200X 
XBB 795-7458 

Figure 6 
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DC6 3387 S5 200X DC6 3387 S5 5000X 

DC6 2190 SI I000X XBB 795-7459 

Figure 7 
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DC2 2803 SIB 200X DC2 2803 SIB 5000X 

• v.""* JWi 

DC2 2319 S2 500X DH5 2620 S5 r n 00X 
XBB 795-7457 

F i g u r e 
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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 VESICLES; DATA ON GREEN CLAYS EXCLUDED 
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COMPOSITION OF ALL CLAYS FORMED PRIOR TO DEPOSITION OF ZEOLITE OR SILICA; 
DATA FOR FRACTURES AND VESICLES HAVE BEEN COMBINED 

DATA ON CLAYS WITH K+iNa"1" RATIOS >3 EXCLUDED 
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PLAGIOCLASE COMPOSITIONS 
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CLINOPYROXENE COMPOSITIONS 
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RELATIVE MOLAR PERCENTAGES OF EXCHANGE IONS IN DC2 and DC6 
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ZEOLITE ShAI 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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