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Part I 

STUDIES OF ROCK SPECIMENS FROM THE 
NEVADA TEST SITE (NTS) 

June 11, 1976 

NOTICE 

This report w h p repared u »n a c c o u n t of w o t k 
i p o n w e d b y the l /n i i ed S l a t e s Government. Stilhcr t he 
Uni t ed S u t e i nor the United S t a t e s D e p a r t m e n t of 
Energy , no r a n y of their employees , nor any of the i r 
c u n t m t o i s , subcon t r ac to r s , or their employees , m a k e s 
a n y w a r r a n t y , express o r Impl ied , o r a s sumes any legal 
l iabi l i ty or responsibi l i ty fot t he accu racy , c o m p l e t e n e s s 
or usefutnesa of a n y Informat ion • a p p a r a t u s , p r o d u c t o r 
process d isc losed, o r represents tha t i ts use would n o t 
inf r inge privately o w n e d rights. 

DISTRIBUTION OF THIS U; IS UI'ILIWIITECJ 



Summary of Rock Analysis Studies on NTS Sample Series ES-S-1 to 
KS-S-18; 1SS-S-8A, ES-S-8A'; UE1L Series; ES-S-19, A,B,C; and 
UEIra. 

Summary 

The majority of rocks examined from the NTS were found to be siltstones, 

varying from coarse into the very fine siltstone range, and containing >60% 

quartz, usually much higher. Samples of the UEIL series of cores, in 

contrast, had a large clay mineral fraction, as well as some carbonate present. 

A few were intermediate silty claystones or argillites. Microphotographs 

are included to illustrate the variations in texture observed, while most 

of the data obtained are summarized in tabular form. 
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Experimental Procedure for Analysis of Rock Spc.cime.ns 

Introduction 

Upon receipt, the samples were labeled with PSU numbers, observations 
were made on hand specimens, and then a representative sample was reduced to 
-200 mesh by a series of ball milling operations. In most instances reduction 
was complete and no significant residue regained on the screen after five such 
operations. After grinding, the samples were shaken with a plastic ball for 
an additional 15 minutes to assure a homogeneous sample. These samples com-
prised our starting materials for subsequent testing. 

Water and Ignition Loss 

Method A 

Water loss at 100°-120°C was determined by weighing the -200 mesh material 

in aluminum dishes and drying in a preheated oven overnight. 

Total ignition loss of a fresh sample was determined by igniting the -200 

mesh material over full heat of a Fisher burner for 15-20 minutes. 

Method B 

Water loss at 100°C and weight loss upon ignition were determined- in Pt 
crucibles as follows: An empty Pt crucible was heated to 110°C for 24 hours, 
cooled in a desiccator and weighed. About 125 mg of the sample was transferred 
to the Pt crucible and the exact weight of the sample and crucible was recorded. 
The sample in the Pt curcible was then heated to 110°C for 24 hours in an oven, 
cooled in a desiccator and weighed. Constant weight loss was reached by heating 
samples for 24 hours at 110°C. The sample in the Pt crucible was then heated 
in a tubular furnace to 1050°C for 24 hours for the ignition loss determination. 
The heated sample was cooled in a desiccator and weighed. The pei-centages of 
weight loss at 110°C and after heating to 1050°C were determined. 

co2 

CO^ was determined using the standard method of absorption by Ascarite 
as described by Maxwell in Rock and Mineral Analysis (1968). 



Sulfate 

Sulfate concentrations for the salt samples were determined using a standai'd 

solution and precipitating as BaSO^ as described by Maxwell in Rock and Mineral 

Analysis (1968). Results are reported as % CaSO^ (i.e. % as received weight). 

DTA 

DTA scans were made at first at a 20°C per minute heating rate using 

samples packed into 4mm diameter Pt sample cups. The temperature range normally 

covered the interval from 25°C - 1000°C. Later rates used were 15°/minute and 

eventually 10°/minute. The rate used is designated in the tables. 

Thin Section 

Thin sections were prepared using standard techniques whenever possible. 
However some of the clay-rich shales tended to crumble in water and were very 
difficult to polish. These were polished with great care using kerosene and 
fine grained alumina on a glass plate. The mounting medium was Beuhler epoxy. 

Effect of Heating 

The stability with respect to fairly rapid heating was tested in a few 

samples by heating chunks (about 2 cm on a side) to 800°C. The heating rates 

used were a) 400°C/hr and b) 30°C/hr. Most of the samples were found to be 

mechanically stable. Specific information for each specimen studied is given 

in the table, and photographs of the heated specimen, compared with some un-

heated, are included along with the plate of photo-micrographs. 

X-ray 
One of the first tests performed on new samples is x-ray diffraction for 

mineral identification, qualitative results. These results are later corre-

lated with observations from thin sections, CO2 analyses, 1^0 and ignition 

loss studies, DTA results, and other determinations. 

The quickest way to assess the gross characteristics of the rocks recieved, 

is to eliminate the percentage quartz in the samples by quantitative x-ray 

diffraction. The remainder then consists of all other minerals including feld-

spars, opaque minerals, clay minerals, organic matter, and water. 
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3?ir.st, calibration curves were run, using mixtures of fine grained quartz 
and Al^O^. Two methods were used, as described below. A calibration curve is 
included from the first method. 

Method A. 

Weighed mixed powders were mixed in ethyl alcohol and mounted in a smear 

on glass slides. Powdered quartz (5y size "min-u-sil") and Linde A corundum 

were mixed in varying proportions, and a calibration curve of intensity ratios 

was obtained. Each point on the attached curve represents the mean of 5 x-ray 

scans, each on a new specimen. All quantitative results were from diffTacto-

meter scans run at 14°C per minute. 

Method B 
Quartz content in shale samples was determined by an internal standard 

method, similar to the above, the internal standard used being corundum (aA^O^), 
Linde A material. The advantages of using this particular corundum as an in-
ternal standard are (a) its strong peaks some of which are not interfered by 
the minerals in shales, (b) its low mass absorption, (c.) • its uniform particle 
size of about 1 jJin, (d) its recommendation by the XRPDF organization. 

Different amounts of fine particle quartz and corundum were mixed with 
acetone or 100% ethyl alcohol, dried and disaggregated into powder. The 
powder mixture was side-packed in the cavity of a sample holder using a 
vibrating table. The sample was then subjected to x-ray diffraction analysis. 
Standard curves were constructed with weight ratios of quartz over corundum 
against intensity ratios of quartz peaks over corundum peaks. Rather than 
"Min-u-sil," as in Method A, Supersil (a commercial grade of fine quartz powder) 
and a naturally occurring novaculite, were used, and linear relations were ob-
tained in fair agreement with each other for two kidns of quartz. The 4.26 and 
1.819 A quartz peaks and the 2.085 and 1.60 A corundum peaks were found to be 
the most suitable for quartz estimation in clay mineral mixtures. 

A 50:50 mixture of sample (ground to less than 200 mesh) and corundum was 
used for x-ray diffraction and the intensity ratios of quartz peaks over corundum 
peaks of the mixture were determined. The amount of quartz in the sample was 
then estimated by means of the standard curves. The probable error in this 
method of quartz estimation is about + 5%. 



STANDARDIZATION CURVE 

1 ! 1 11 >•>• 

wt. % Quartz 
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Comments 

The: use of Method A involved several replications and results in high 
reproducibility in itself. It is knewn that strain is introduced in grinding 
minerals, and part of the surface becomes amorphous, affecting XRD intensities 
for quantitative vjork. Therefore, Method B should give a more true calibration 
for comparing with relatively strain-free materials. However, when the sedi-
ments, in preparation, are reduced to small .*ize and homogenized by extensive, 
grinding, Method A might be expected to yield closer values. 

For very fine quartzose claystones the percentage of very fine grained 
quartz should be more truly measured by Method B; for coarser siltstones, by 
Method A. Hence, where they were determined, results from both are given in 
the tables. In fact, better agreement between the two methods is achieved 
with the finer-grained samples containing lower percentages of quartz (and 
because of small size fraction, requiring less grinding). 



ES-S-l 
PSO-1 

ES-S-2 
PSU-2 

ES-S-3 
PSU-3 

ES-S-4 
PSU-4 

ES-S-5 
PSU-5 

ES-S-6 
PSU-6 

ES-S-7 
PSU-7 

ES-S-8 
PSU-8 

Ls-t-9 

> H20,S>1180C 0. lj) 0. ?3 0. 15 0.10 0.30 0.35 0,23 0. 22 

"r Weight loss on 
Ignition to red heat 1.80 2.66 4. 06 1.80 2.06 3.27 2.22 2, 71 2.61 

COg 0. 09 0.0? 0. 12 0.27 0.05 0.13 0.17 0.23 0.06 

X-Ray4 Qiarlz & 
trace IllUe 

Quartz & 
trace Illite 

Quariz & 
v. v. w. 
Illite 

Quartz, 
trace Illite, 
trace calcite 

Quartz & 
v.v.w. Illite 

Quartz & 
trace Illite 

Quartz, 
trace Illite, 
v.v.w. 
Alkali 
Feldspar 

Quartz, 
v.v.w. Illitc, 
trace calcite 

Qjartz & 
v .v .w. Illitc* 

% Quariz B3, 75+ 67 6& 21 U 74 74 M 73 

DTA 
20°C/min 

Sample color 
after DTA 

Featureless, 
change in 
slope 
~550°C 

Featureless, 
change in 
slope 
~550°C 

H2O Endo. 
80°C 
Strong Exo. 
400°C 

Featureless, 
trace Exo. 
400°C 

Featureless, 
weak Exo. 
400°C 

Exo. 400°C Exo. 400°C Exo. 400'C Exo. 400'C . 
(weaker than 
6-8) 

pale red 

Effect of Heat 
Treatment** 

Remained 
whole 

Remained 
whole 

Chip sepa-
rated from 
sample 

Shattered Remained 
whole 

Hand Specimen-... Massive, 
Silica ce-
mented 
Breccia, 
Angular and 
rounded 
fragments, 
Qtz. frag-
ments, 
white-red 
black shale 
fragments, 
angular iron 
staining -
reddish rock, 
one piece 
has coarse 
grains of 
Qz. in a 
fine matrix. 

Light brown 
saiuly-
looking and 
feeling 
sample. 
More sand-
stone than 
shale. Fine 
grain sand-
stone -
orange -
yellow Iron 
stained 
matrix. 

More shaly -
looking Hat 
pieces -
black inter-
ior fairly 
hard. Pro-
bably due to 
high quartz 
content. 
Samples both 
iron stained 
as well as 
pink on sur-
face. 

Black mas-
sive chunks. 
Some iron 
staining on 
surfaces -
some traces 
of bedding 
planes pre-
sent. Micro 
fractures 
which are 
filled are 
present. 

Siialy-looking 
- thin sheets 
developed. 
Bedding 
planes are 
more ob-
vious. Hard 
- probably 
lots of quartz 
present. 
Black In 
color-
some trace 
of iron 
staining. 

Shaiy-loaking 
black inside 
- iron stain-
ine on sur-
face - bed-
ding planes 
obvious. 
Hard. 

Shaly-looking 
thin plates -
some iron 
staining 
along bed-
ding planes 
- very hard. 

Thin platy 
samples -
black - Utile 
iron stain-
ing - very 
hard (more 
quartz than 
clay). 

Shaly sam-
ples - some 
betiding 
plar.es vis-
ible - very 
little iron 
staining. 

Thin Section m 
Mxcro-
broccia, 
Stained 
matrix. 

(I) (1) (1) 
Fine-grained 
with opaques, 
layered, 
stained. 

(1) 
Fine-grained 
with opaques. 

(1) 
Laminated 
with opaques, 
stained. 

(1) 
Coarse-
grained with 
many opa-
ques, stain-
ing. 

(1) 
Feldspar 
laths, fine-
grained 
layered opa-
ques; vein 
filling. 
X-Nicols: 
oriented 
fine Qtz. 
vein filling. 

(1) 
Fine-grained 
opaques -
vpin filling. 

*I0 v. v. s . , 9 v. s . , 8 s . , 7 m. s . , 6 m. , 5 m. w., 4 w., 3 v. w., 2 v. v. w., 1 trace. 
••All heated samples had red tint, or areas of red color. +Different investigator, Method ft. 
^Samples appear to be tertiary siltstones, ranging from coarse to fine grained, probably same formation; samples show lateral variation only. Main 

constituents: quartz, feldspar, and rock fragments, minor micas, opaques + organics. Relatively little clay. 



ES-S-10 
PSU-10 

ES-S-11 
PSU-U 

ES-S-12 
PSU-12 

ES-S-13 
PSU-13 

ES-S-14 
PSU-U 

ES-S-15 
PSU-15 

ESS-16 
PSU-16 

ESS-17 
PSU-17 

ES-S-18 
PSU-18 

HoO©118°C 0.22 0. 09 0.11 0.47 0.43 2.10 3._85 1.87 ZJ5 

<? Weight loss on 
Ignition to red heat 2.08 1.33 1.27 2.54 2.86 7.78 10.66 7 .30 7.92 

"v CO, 0.12 0.02 0. 02 0.00 0.00 0.06 0.02 0. 09 0. 08 

X-Ray* 

% Quartz 

Qiartz & 
trace Illite 

M 

Quartz, 
v. v. w. 
Alkali Feld-
spar, trace 
Illite 

£2 

Qiartz & 
trace lllite 

M 

Quartz, 
trace Ulite, 
v. v. w. 
Alkali Feld-
spar 

£ 2 

Quartz & 
v .v .w. TUUe 

7£ 

Quartz, 
v. v.w. tllite, 
trace Kao-
linlte basal 

i i 

Quartz, 
v .w. Illite, 
v. v. w. Kao-
linite, trace 
Mont, or 
Chlorite 

3 i 

Qiartz, 
v .w. Illite, 
trace Kao-
linite basal 

42 

Qiartz, 
v.v .w. HUte, 
trace un-
known (3.08) 

51 

DTA 
20°C/min 

Sample color 
after DTA 

Exo. 400°C 
(weaker than 
9) 

deep red-
orange 

Exo. 400"C 
(weaker than 
10) 

light tan 

trace Exo. 
400°C (much 
weaker than 
11) 

pale pink 

Exo. 235 °C 
trace Exo. 
400°C as in 
12 

red-orange 

trace Exo. 
400°C as in 
12. Slower 
heating rate, 
Endo. 
< 100°C 

pale red 

Absorbed 
H2O 
Endo. 
< 100°C 

red-orange 

Absorbed 
HaO 
Endo 
< 100°C, 
Exo. 400°C 

red-orange 

H2O Endo. 
not well de-
fined, Exo. 
250°C 

red-orange 

Absorbed 
H , 0 
Endo. 
< 100°C, 
Exo. ~250°C 

red-orange 

Effect of Heat 
Treatment** 

Edges soft-
ened, mo-
saic design 
accentuated 

Remained 
whole 

Brittle edges, 
•white materi-
al flaked 
from one 
surface 

Developed 
crack i . to 
bedding 
plane 

Became 
somewhat 
brittle 

Few frag-
ments broke 
off 

Hand Specimen More mas-
sive - veins 
and cracks 
evident. 
Some iron 
staining. 
Black hard 
interior 
bedding not 
very evi-
dent. 

Massive -
inclusions 
of quartz -
black in-
terior -
some iron 
staining. 

Massive -
very hard 
fine grains 
of sedi-
mentary 
breccia. 
Lots of 
quartz. 

Fairly mas-
sive, but 
have bedding 
planes. 
Some iron 
staining. 
Black in-
terior -
break into 
pieces. 

Massive, 
black, shaly, 
samples -
bedding 
planes evi-
dent. Also 
substatial 
amount of 
wavy iron 
staining on 
surfaces and 
along bed-
ding planes. 

Shaly, light 
brown -
grey planes 
in evidence. 
Looks like 
a shale. 

Looks like a 
typical black 
shale -
broken into 
little flat 
pieces. 
Some iron 
staining. 

Less shaly 
looking -
more mas-
sive. Light 
grey-brown. 
Some iron 
staining. 

More of a 
weathered 
shale. 
Light brown-
grey in 
color. 

Tliin Section (1) 
Opaque 
minerals 
(4 types) 

(1) 
Coarse 
grained, 
some opa-
que. Qtz. 
little finer 
than P3U-
12, but 
coarser 
than most. 
X-Nicols: 
much Qtz. 

(1) 
Coarser 
grained than 
PSU-11. 
Grains up to 
whole field. 
X-Nicols: 
some opa-
ques. 

(1) (1) 
Fine-grained, 
some stain-
ing, some 
opaques, 
some larger 
grains. 

(I) 
Moderate 
grained, 
-30% in fine 
(stained) 
matrix. 

(1) 

More fin< 
£ — than mos 

members 

(1) 

grained matri 
; earlier series 

(1) 

X 



ES-S-8A 
PSU-26 

ES-S-8A' 
PSU-2 7 

UEIL-2931 
PSU-28 

UEIL-2940 
PSU-29 

UEIL-4228 
PSU-3 0 

UEIL-4233 
PSU-31 

£H2O<S>105oC 0.56, 0.63 0.63 1.43, 1.72 1.41, 1.29 1.12 1.48 

% Weight loss on@) 
Ignition to 

red heat (1050°C) 

4.03, 3.93 5. 25. 4.15 9. 76, 9.87 12.16, 10.80 9.66 9.82 

% c o 2 0 0 0. 17 2. 02 1. 82 1.88 

X-Ray* 

% Quartz(2) 

Qjartz & w. Illite 
(basal niite broad-
8.8°) 

55, 45 

Qiartz, m.w. Illite 
(I l l i te basal well de-
defined - 8.5°), tr. 
chlorite 

60,54 

Qiartz, v. v. s. Kao-
l inite m. reg. in ter-
strat. Illite, v.v.w. 
Feldspar, t r . 
chlorite 

21,22 

Qjartz, v. v. s. Kao-
linite, xn.w. Illite 
(broad basal -8°) 
m. s. Feldspar, 
v. w. unknown, 
(d = 7.56) 

18,19 

Qiartz, m. s. Kao-
linite, m.w. Illite 
(Illite basal peak 
not well defined -
8.2°) m. Feldspar 

38. 

Quartz, m. s. Kao-
linite, m.w. Illite 
(IlUte basal peak -
8.2°), m. Feldspar 

22 

DTA 
10o/min Exo. ~400°C Exo. ~400°C Good endo. ~100°C 

Strong exo. ~-550oC 
Weak endo. ~100°C 
Exo. ~500°C 

Hand Specimen (3 pieces) massive, 
near surface, 
sandy looking. 
Black shaLes. 
Bedding planes not 
very evident. 

Shale-platy-black-
iron staining on 
some surfaces. 

Part of core 2931' 
deep; massive, 
black shale. (Evi-
dence of faulting-
slickensides, one 
face). 
V. fine-grained. 

Massive black 
shale - bedding 
planes present in 
varying degrees. 

Massive black 
shale - some 
platy, shiny min-
eral on one sur-
face. 

Massive rather than 
platy shale. Bedding 
planes not evident -
some development 
of a platy mineral 
(shiny) along some 
surfaces. 

Thin Section Siltstone, Feldspar 
+ Quartz. Abun-
dant opaques + 
hematite, minor 
mica. Weathered. 
Fine grained 
matrix - some 
larger grains. 

Dark grey silt-
stone, some qtz. 
+ Feldspar grains. 
Moderate or-
ganics, opaques. 
Very fine grained 
stained dark + 
fine opaques. 

Curved layers, 
v. fine grained, 
some fine grain 
qtz.; opaque 
layers. 

V. fine grained; 
opaques, some 
clear grains 

V. fine grained, 
dark; few layer clear 
fragments 

Where two numbers are listed, two determinations have been made by separate investigators. Underlined: Method A; not underlined: Method B. 



ES-S-19 Stream 
PSU-32 

ES-S-19A Trench 
PSU-33 

ES-S-19B 
PSU-34 

ES-S-19C 
PSU-?? 

UEIM Eleana 
PSU-36 

% H 2 0 105 °C 1.44 2.61 2.42 1.98 0.48, 0. 50 

Weight loss on 
Ignition S JjS 10^6 10.3 XLX 6. 57. 7. 28 

% CO 2 0.03 0.22 0.15 1.33 3.25 

X-Ray* 

% Quartz 

Qtz + m.w. Kaolinite, 
m. Illite. (Illite basal 
peak not well defined -
-8.0°) 

33 

Qtz, v.w. Kaolinite, 
+ m.s. Illite. (Illite 
basal peak broad -
-8.0°) 

22 

Qtz, m.w. Kaolinite, 
+ s. Illite. (Illite 
basal peak broad -
-8.0°) 

27 

Qtz., v. v. s. Kaolinite, 
+ m. Calcite. (11 lite 
basal peak - -8.0). 

21 

Qiartz, illiie, chlorite, 
dolomite*- Apatite? amorph. 
n.atl., + organic ma-
terial^ 

44 ' 

DTA 
10o/min. 

Wk. endo. -100 
Endo. trough ~-500°C 

Wk. endo. ~100 
Endo. trough ~500°C 

M w endo. ~100 
Endo. trough -5U0°C 

M w endo. ~100 
Endo. trough ~500°C 

M w endo. ~ 100 
Strong exo. peak 415°C 
Exo. shoulder 509°C 

Hand Specimen Stream sedimeiu par-
ticles are predomin-
antly angular - some 
occasional rounded 
particles. Colors: 
grey to light brown. 
Some oxided to red-
brown. 

Angular shale frag-
ments ~l-2 cm. 
Black interior, sur-
face weathered to 
light tan. 

Massive to tabular 
pieces of shale. Black 
interior weathered to 
grey-brown surface. 
Some Iron staining. 

Angular shale frag-
ments - mostly platy 
habit. Also some 
chunks of calcareous 
material (Gas 
evolves on addition 
of HC1) with em-
bedded roots and 
wood fragments. 

Thin Section Tan siltstone, feld-
spar + qtz. High 
opaque content. 
Ground mass 
nondescript -
weathered. Stained 
fine-grained. 

Brown weathered 
siltstone, qtz. + 
feldspar. Abundant 
interstitial opaques 
+ oxidized vein 
fillings. 

Shaly matrix, some biotite, 
grains of feldspar, qtz., 
carbonate content 2-3/r, 
fracture filling + quite a lot 
of opaque grains, maybe 
10% of total (more than 
ES-S-8A). 



E S - S - 3 E S - S - 5 E S - S - l E S - S - 5 E S - S - 6 
P S U - 3 P S U - 5 P S U - 1 PSU-5 P S U - 6 

Exp. #37 Exp. #36 Exp. #3 Exp. #4 Exp. #5 
2 s e c . 1 sec . 2 s e c . 

E S - S - 7 E S - S - 4 E S - S - 8 E S - S - 8 E S - S - 8 
P S U - 7 P S U - 4 P S U - 8 PSU-8 P S U - 8 

X - N ico l s X - N i c o l s 

Exp . #6 Exp. #7 Exp . #8 Exp. #9 Exp. #10 
2 s e c . 1 s e c . 5 s e c . 100 s e c . 40 s e c . 

E S - S - 9 E S - S - 1 1 E S - S - 1 1 ES-S-12 E S - S - 1 2 
P S U - 9 P S U - 1 1 P S U - 1 1 PSU-12 PSU-12 

X - N i c o l s X - N i c o l s 

Mag. 10x5 M a g . 10x5 Mag. 10x5 Mag . 10x5 
Exp. #11 Exp. #12 Exp . #13 Exp. #14 Exp. #15 
5 s e c . 0 . 5 s e c . 10 s e c . 0. 5 s e c . 5 s e c . 

ES-S -14 E S - S - 1 5 ES-S-8A E S - S - 8 A ' U E I L - 2 9 3 1 
PSU-14 P S U - 1 5 PSU-26 PSU-27 P S U - 2 8 

Exp. #16 Exp. #17 Exp . #18 Exp. #19 Exp. #20 
2 s e c . 2 s e c . 2 s e c . 10 sec . 5 s e c . 

UEIL-2940 UEIL-4233 •ES-S-19A U E I M - E l e a n a U E I M - E l e a n a 
P S U - 2 9 P S U - 3 1 (Trench) PSU-36 P S U - 3 6 

P S U r 3 3 

Exp. #21 Exp. #22 Exp . #23 Exp. #24 Exp. #25 
5 s e c . 10 s e c . 5 s e c . 1 s e c . 

E S - S - 1 0 E S - S - 9 E S - S - 1 U E I M - E l e a n a U E I M - E l e a n a 
P S U - 1 0 P S U - 9 P S U - 1 PSU-36 P S U - 3 6 

( s a m e a s d i f f e r e n t s a m p l e 
Eap . #26) sec t ion 

Exp. #30 Exp. #29 Exp . #28 Exp. #27 Exp . #26 
• „ 

0. 5 s e c . 

E S - S - 1 6 E S - S - 1 8 ES-S-15 E S - S - 1 4 E S - S - 1 3 
P S U - 1 6 P S U - 1 8 PSU-15 PSU-14 P S U - 1 3 

Exp. #35 Exp. #34 Exp. #33 Exp. #32 Exp . #31 

Mag. 10x10 f o r e x p o s u r e s 3 th ru 27, u n l e s s o t h e r w i s e no ted . 

Key to P h o t o m i c r o g r a p h s and Hea ted Samples . 
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Concluding Observations 

Tlie minernlogjcal and chemical analysis methods used, the results of which 
arc summarized in the tables, for the siltstone, shale, claystone samples re-
ceived to date arc deemed to give a reasonable picture of the characteristics 
of the rock suites examined. 

Gross heating experiments were performed on a few samples to give e. pre--
liminary picture of mcchanical integrity. 

Additionally thermal conductivity apparatus v;hich is suitable for low 
temperature measurements, has been put into operation, and measurements made 
on a couple of selected samples. It is expected in the near future to acquire 
an instrument for obtaining higher temperature data. Thermal expansion apparatus 
will also be put into operation in the near future. But it is not anticipated 
to measure every sample with these latter techniques. Specimen preparation for 
both, and particularly for the latter, is a tedious matter. 

Some work has been done on the change in exchange and ion fixation character-
istics of illites as a function of temperature to which the sample has been heated. 

Evolution in the methods adopted for semi-quantitative measurement for 
mineral determination has taken place during work with the samples. The measure-
ment of % qtz. vs. % of all other constituents by XRD is believed to be very 
useful as a routine assessment, since, for fixation of radioactive waste ions, 
quartz is deemed inert. Once shales, claystones, or argillite are obtained 
which appear to approach more closely the characteristics of the expected 
"model" for combination of clay mineral content plus physical, thermal and 
mechanical properties, it will be useful to occasionally determine ion 
exchange properties of a special sample. 

The water (105-110°C) contents were low for most of the series (this 
correlates with also low clay mineral content, taid absence of swelling clays). 
It correlates inversely with quartz content. The core samples UEIL series 
(2931, 2940, 4228, 4233) have higher H,,0 contents and ignition loss, as do 
ES-S-19, A-C the trench and stream bed samples. 

Carbonate contents are low (C09 analysis) except for UEIL 2940, 4228, 
4233; ES-S-19C; and UEIM. Usually the higher C0 2 contents are confirmed' 
also by optical observations,XRD detection of calcite or dolomite, and visible 
gas evolution with addition of HC1. 

Optical observations in thin sections are difficult in samples containing 
\ 
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lower percentages quartz, or large % very fine silt or clay fraction. The 
process of making the sections is difficult with materials such as the UEIL 
series cores; and some difficulty with optical observations is because of 
staining or presence of abundant carbonaceous or organic matter. 

The dominance of exothermic effects in the DTA patterns as a whole is 
probably due to oxidation of organic matter, although thin sections or polished 
surfaces observed in reflected light reveal pyrite in some samples (exotherms 
also are caused by sulfide oxidation). 

It is believed that the contact prints of photomicrographs in the included 
plate (mostly transmitted light, but some with crossed Nicols) illustrate the 
textural differences observed in the samples studied thus far. 

Personnel 

The work reported was under the direction of the Principal Investigator, 
Dr. Delia M. Roy. The persons involved at various stages included Dr. Michael 
Grutzeck, Professor G. W. Brindley, Dr. H. A. McKinstry, Dr. S. Komarneni, Mr. 
G. Zimmerman, Ms. C. Langton, technical assistants., and personnel in the 
Mineral Constitution Laboratories. The assistance of the late Professor Jon 
N. Weber is also gratefully acknowledged. 
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Introduction 

This report is a supplement to the initial preliminary report, and the re-
port on the rock sample series ES-S-1 through ES-S-18, UEIL-2931, and the 
UEIL-40 series dated June 11, 1976, The present report covers the seven eva-
porite specimens M-l, 2, 3 and S-l, 3, 4, and 5. The summary table of the 
bulk properties of these samples is reproduced here as Table 1 and photographs 
are included as Fig. 1. 

Additional study of these specimens was considered necessary in light of 
the peculiar nature of evaporite rocks and deposits and their highly probable use 
as sites for radioactive waste isolation. 

Special petrographic and analytical techniques are necessary for the pre-
paration and analysis of evaporites for the following reasons: 

1) They are for the most part water soluble and therefore not amenable 
to the standard thin sectioning techniques. 

2) They are extremely heat sensitive which again complicates the thin 
sectioning and sample preparation procedures (e. g. grinding). 

3) The isual predominance of one or two major phases results in an ex-
treme dilution of any minor or trace constituents. This renders bulk 
analysis by DTA and XRD incomplete as far as mineral identification 
is concerned. There is the further complication with DTA that upon 
heating reactions between minerals can result in mis-identification of 
original phases if they are not suspected. 

Petrographic analysis and a study of insoluble residues serves as a check 
on other techniques of analysis and insures the proper interpretation of chemical 
analyses and the assignment of the thermal events recorded by DTA to the proper 
causes. 

In addition to the major phases present, a typical evaporite may contain 
minor phases of primary or secondary origin, interstratal clays, carbonates or 
marls, organics, bitumen and hydrocarbons, chalcogenides, voids, negative crys-



Table 1 
Bulk Rock Properties: From Initial Report June 11, 1976. 

M-l 
PSU-19 

M-2 
PSU-20 

M-3 
PSU-21 

S-l 
PSU-22 

S-3 
PSU-23 

S-4 
PSU-24 

S-5 
PSU-25 

% HgO at 105oC 0.03 0.07 0.04 0. 03 0.20 0.09 0.07 

% HgO at 300 °C 0.29 0.09 • 0.22 0.17 0. 32 0.10 0.14 

% HgO at 750°C 
Visual 

Observation 
0.35 0.45 0.45 0.76 0.00(?) 1.0 2.40 

X-Ray1 NaCl & w. CaS04 NaCl NaCl NaCl NaCl NaCl & v.w. 
CaS04 

NaCl & v. v. s. 
CaS04 

DTA 
l5°/min heating 

rate 

endo: gyps, or ad-
sorbed H 20; NaCl-
CaS04 eutectic; 
NaCl melting. 

endo: gyps, or ad-
sorbed H 20; NaCl 
melting. " 

No peaks <800 No peaks < 800. No peaks < 800. No peaks < 800 NaCl-CaS04 
eutectic; NaCl 
melting. 

Sulfate 
(%CaS04) 8.73 0.33 0.58 0.49 0.14 3.61 30.67 

Carbonate as 
co2 

Hand Specimen Salt-massive poly-
crystalline white 
rock salt, includes 
veins of darker 
grey material 
which include 
specks, well-sized 
and black, of un-
known material. 

Polycrystalline, 
massive salt -
predominantly 
white, some light 
brown staining. 

Massive rock salt 
- white to color-
less - some very 
light brown veins. 

Massive polycrys-
talline rock salt -
light brown (large 
pieces), smaller 
sections are 
colorless, some 
unknown brown-
black material. 

Nearly perfect 
rock salt crystals 
~ cubic cleavage 
present - color-
less transparent 
crystals. 

Massive polycrys-
talline rock salt -
larger pieces are 
dark grey -
smaller pieces 
colorless, some 
included brown-
ish material. 

Very massive 
dark grey rock-
salt, cubic clea-
vage present, 
salt pieces are 
brown In color, 
salt Is 
in the dark 
grey area. 

Thin Section * * * * Somewhat stres-
sed, might be 
due to mounting 
and polishing. 

• * 

*See Table 2. 
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tals, fluid inclusions, and other components, all of which can have a bearing on 
the interpretation of bulk chemical analyses. 

Petrographic analysis is essential for revealing the textural relation-
ships among the various components. This type of information can be important 
In the selection of a site for radioactive waste disposal because of the effects 
which the introduction of a large thermal source could have on the presumed initial 
and final bulk properties of the rock such as porosity, permeability, and thermal 
diffusivity. 

Petrographic Analyses and Related Studies 

Thin sections of the seven specimens were prepared by substituting kerosene 
for water in the usual thin sectioning procedures. For the final grinding and polish-
ing oil was utilized sinco most salts are slightly soluble even in kerosene and other 
commonly available organic solvents. 

In order to avoid adverse effects on the specimen from heating cover slips 
were put on with Caedax but not heat hardened. These made excellent slides for 
study but efforts are continuing to develop methods for making cold mounted slides 
for permanent collections. 

It was found that in the case of transparent salts it was very advantageous 
to prepare "thick sections" of the rock which enabled a three dimensionality to be 
obtained not usually found with thin sections. This yields more insight into textural 
relationships and especially fluid inclusion and grain boundary relations than is 
possible with normal thin sections. 

Insoluble residues were collected of each sample and examined as grain 
mounts by optical techniques. 

DTA patterns were also run on the insoluble residues. However, this work 
is not complete. Runs for samples M-l and S-5 are included in this report (Fig. 2) 
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Fig. 2 
DTA Patterns of Insoluble Residues of M - l and S-5 for Comparison with 

Bulk Rock Patterns. » 
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;,as examples and for comparison with the patterns run on the bulk rock samples. 
Figure 2 also includes patterns on the bulk samples from the initial report. For 
future evaporite sludi?s this will be a routine analysis. 

The high temperature endothermic effects of the bulk samples are the 
melting of NaCl (~800°C), impure NaCl (as low as 774°C) and the NaCl-CaSC>4 

eutectic melting (~715°C). These are, of course, absent in the "insoluble res i -
dues". 

Summary of Mineralogy and Petrography 

The mineralogy and petrography of the rocks is summarized in Table 2. 

All of the samples contain halite as the single major phase with the excep-
tion of S-5 which is a halite-anhydrite rock. The two samples M - l and S-4 con-
tain anhydrite as minor phases. 

All of the rocks contain small quantities of "insoluble" residues with the 
exception of M-2 which contained no visible residue. In S-5 the residual an-
hydrite was also one of the major phases. 

The identification of bituminous inclusions and Fe-oxides i s tentative and 
requires further study. 

The sample M - l contained a large number of negative crystals and fluid 
inclusions (brines) which would also yield interesting information with further 
study. 

There is abundant evidence that all of the specimens have experienced re -

^crystallization. The anhydrite in each i s secondary anhydrite often recrystallized. 

Perhaps the most interesting feature which accompanies re crystallization 
is the expulsion and concentration of inclusions of Fe-sulfides and bitumen to-
ward the grain boundaries of the minerals (Fig. 3). This i s one of the types of 
phenomena which could be of interest in the consideration of a rock formation as 
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Fig. 3 
(a) Replacement of anhydrite by halite. Note relief: anhydrite within endo-

thermal halite. Sample S-5. 
(b) Photographs of halite-anhydrite rock S-5 illustrating the concentration of Fe 

oxide [and/or bituminous inclusions] hear crystal boundaries during recrys-
tallization. Halite is replacing anhydrite with accompanying recrystalliza-
tion of anhydrite. Lighter colored areas are halite. Magnification 200X. 



Table 2 
Mineralogy and Petrography. 

Composition 

Sample Major 
phases 

Minor 
phases 

"Insoluble" 
residue 

Fluid Inclusions & 
Negative Crystals Organlcs Texture 

M-l Halite Anhydrite Quartz 
Anhydrite 

numerous 
liquid including 
negative crystals 

Bitumen? Recrystalllzation of primary hopper crystals. 
Crystal borders cloudy. Boundaries rich in 
negative crystals and fluid inclusions. Con-
centration of bitumen and Fe- oxides at grain 
boundaries. 

M-2 Halite none none none none Overgrowths of euhedral halite on anhedral 
cores. Overgrowths euhedral on some borders 
but irregular on others. Murky areas within 
some halite and inclusion rich borders. 

M-3 Halite none Anhydrite 
Quartz 
Clay (?) 

none none Recrystallization of halite. 

S-l Halite none Quartz 
Anhydrite 
Carbonate 

none none Clear recrystallized halite overgrowths on 
anhedral cores. Large voids between some 
grains. 

S-3 Halite none Bitumen Bitumen Very clear transparent crystals. Bituminous 
inclusions (low donBlty). 

S-4 Halite Anhydrite 
Selenlte 

Anhydrite 
Gypsum (Selenite) 

Carbonate 

none none Recrystallization ol clear and cloudy halite. 
Anhydrite (secondary) concentrated on clea-
vage planes of halite. 

S-5 Halite 
Anhydrite 

none Anhydrite 
Quartz 

Fe-oxides or sulfides 
(opaques) 
Gypsum 

none Bitumen? Recrystallized. Halite replacing anhydrite 
with consequent volume change. Fe oxides, 
sulfides and/or bitumen concentrated at halite-
anhydrite boundaries. Bursts of recrystal-
lized secondary anhydrite from fine grained 
secondary anhydrite mats. 



candidate for radioactive waste disposal. What would be the consequences of 
this migration and concentration of the components in a rock which was ini-
tially rich in bitumen, hydrocarbons, brines, etc. with thermal and solution 
metamorphism ? 

Summary and Conclusions 
As indicated in this report, petrographic analysis of evaporite rocks and 

formations can yield valuable information on the quantity and textural relation-
ships between the rock components. Some of the components such as brines, 
bitumen and hydrocarbons could be of major significance if thermal metamorphism 
were to cause a concentration and migration of these components towards the location 
of radioactive waste in an isolation site under the influence of a thermal gradient. 

Further modifications of the petrographic and analytical techniques uti-
lized for the present study are continuing and it is desirable to initiate additional 
studies of fluid inclusions with the use of a heating and freezing microscope stage. 
These fluids are of importance as a result of their composition and potential to 
migrate under thermal gradients and in addition because of their ability when 
migrating of transferring and concentrating other solid components of the rock. 


