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ABSTRACT

Clay mineral analysis, using x-ray diffractometry, was
performed on well cuttings and outcrop samples of the
Permian Yeso and Abo formations from the Roswell Basin and
vicinity of southeastern New Mexico. The three wells
sanpled were previously studied by Childers and Gross (1985)
in a hydrogeophysical investigation of 18 wells. They
concluded that clay mineral analysis would aid in the
intepfetation of permeability and porosity. Potential
aquifer and/or high~clay-bearing stratigraphic intervals
were sampled to determine whether certain clay mineral
assemblages are assoclated with a particular stratigraphic
position, geographic relation to hydraulic gradient, or
dominant lithology. Statistical analysis was performed in
order to examine possible interrelationships. In addition,
laboratory methods were investigated for clay mineral
analysis of volumetrically small samples which may have been
contaminated by drilling mud.

The relative proportions of clay mineral groups present
in all samples were remarkably uniform, and consisted of an
average assemblage, in parts per ten, of illite=4,
smectite=0, chlorite=2, mixed-layer clays (excluding
chlorite group mineralé)=2, and kaolinite=1. The presence

of a mixed-layered chlorite group mineral in some samples
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indicates diagenesis. Similar assemblages of clay minerals
have been well documented in evaporite sequences of various

ages throughout the world.
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CHAPTER 1. INTRODUCTION
A. PURPOSE OF STUDY

This study follows from the investigations by Childers
and Gross (1985) of geophysical logs of the Permian YesoO
Formation in 18 wells located in the Roswell Artesian Basin
of southeastegn New Mexico. These workers identified
several deep zones within the Yeso Formation as potential
aquifers. other zones containing high percentages of clay
minerals were also reported. However, these studies
concluded that the lack of details regarding clay mineralogy
severely limited log interpretation of hydraulic properties,
such as porosity, in clay-bearing rocks. This in turn
inhibits the interpretation of potential aquifer zones. In
addition, knowledge of clay mineralogy would improve the
lithologic interpretation of radioactive zones. Therefore,
the main purpose of this study was to investigate the
relative proportions of clay minerals in well cuttings from
the previously studied wells in order to achieve better
lithologic and hydrologic control. Oother important goals
were to investigate whether or not certain clay mineral
assemblages are associated with a particular dominant
lithology, stratigraphic position, or geographic position.
Because sample volumes were relatively small, this study

will also discuss the validity of the analytical procedures



used. Specifically of interest are the potential effects
from drilling mud contamination, the use of distinct chips
versus the fine powder fraction of a sample, and the
inherent effect of rotary drilling on shales and sandstones

with regard to potential bias in sampling.

B. PREVIOUS WORK

The Roswell Artesian Basin is a major regional source
of groundwater, and it also provides baseflow to the Pecos
River. Although the area has been studied since the 1940’s,
there are many unanswered questions regarding the recharge
and hydroleogic budget of the pasin. As human influence and
climatic changes proceed to impact the basin, the need for a
model of the hydrologic characteristics of the basin becomes
increasingly important (Childers and Gross, 1985). This
study will contribute to the areas hydrologic data base.

A detailed description of previous work related to the
geology and hydrology of the Roswell Basin can be found in
childers and Gross (1985). Classical studies of this area
are those by Fiedler and Nye (1933), Lloyd (1949), and Pray
(1961) . A collection of studies on clay effects on
geophysical logs was issued by SPWLA, 1982. Analytical
jnvestigations of clay mineralogy are numerous. This study
draws on the classic works of Gibbs (1965, 1968), Grimm

(1968), Carroll (1970), and Schultz (1968) .



C. PHYSTOGRAPHIC AND GEOLOGIC CHARACTERISTICS OF THE

ROSWELL BASIN

The Roswell Basin is located along the eastern flank of
+the north-trending Sacramento Mountains and is part of the
Pecos Slope which grades to the Pecos River (Fig. 1).
Vegetation ranges from aspens and pines in the mountains to
spare desert flora in the broad basin. Annual precipitation
averages 18 inches annually in Mayhill (elevation 6562 ft),
and 12 inches in Roswell (elevation 3609 ft). The Principal
Intake Area (PIA), or that area which receives the most
recharge, is shown on Figure 1, along with the location of
the wells sampled in this study and by Childers and Gross
(1985) .

Figure 2 is a generalized, geologic west-east cross
section of the Roswell Basin area. Rocks range in age from
Precambrian to Recent (see Fig. 3). Precambrian crystalline
rocks are nonconformably overlain by Phanerozoic sedimentary
rocke which thicken along the gentle dipslope eastward to
the Pecos River. The area is cut by north- to northeast-

trending faults and gentle folds.



NEW MEXIGO

_______________________ T -7 STUDY
[ B! AREA
\
)
—N égj g T
( ol AN olf ,." _;_/__rf !
\ = !
{ \ { !
| 7 o 7 ,
L : (5 Western \-.:'.__ ‘\(/ ,’
7 ¢ v / ,
® ‘ & v /
Camzozo f Orainage & V4 AN ,
- & roq /
\ 5 ‘9/ : / Roswel !
N, Bn "/ g /) /
\ Hukdoso 1/ Roswell | |
24 7 h |
é? / // *fv/g f{ \ !
l 03‘/ /0 ( /
Cloudcraft } w / -\y-: Grc’undwate'rr 7 ,:
RRE. O /%5 | ;
Alamogordo 1,2 ( Mayhil 0‘4?10 /CP“B : Basin A_ftugh I
o\ 12, %" 97 H \ !
5 \ 1°Q__ / Qa &, 18 - ) {
L — N, 0:°4  ARTESIAN p
3 19° ﬁa 16 "o, AQUIFER /
§ \ e BN
—_— t
@ \\ ,/ d :: .'.." Carisbed ,I

Figure 1. Location map of study area. outcrop locations
are shown by small numbered dots; wells studied by Childers
and Gross (1985) are shown by circles; wells sampled in this

study are shown by well symbols. Modified from Childers and
Gross (1985).



858
l|i.
1t ¥
=
o~
a,
»,
%
%,
[o]
%
o
F.
a
L]
w
o
o
|
»
:
E
[
&
W
a
) oLl
le] [
o
w
o
o H
oL
K}
%
°z¢0 Q
< &
<,
Y%
[Ty
a3
-3
6 =
5
(5]
[-Y
. g

i i tion of the Roswell
i 2. Generalized geologic Cross Sec .
ggggiearea. Modified from New MeXlcCo nghwa¥ Geolgg;c Map,
New Mexico Geological Society (1982). See Fig. 3 fo
explanation.



sheamn, does  teTAES,
primentt, There Rvers
bt flows (B

Gatra Fm, (Pecot Valeyl
Tatvka, Dordie labes,
Riackwater Drawe Fms,
fHioh Pars] eckan
s, boes, clvum

QUAT

Brtpgia Go: Geapterg, Oeeet, -
Seven Rrvers, Yates, Taralt Fra,
|backresit Castan, Gast Seep
Fres. Jreefl Cherry Camyon, Bed
Camyon Fross. [Delaware Basint
Barnal Mbr. {rontwest]

Ogalaia Fn.

PEAMIAN

San Andres Fm.; Fie Bomtn,
r? Girieta, Bowey Canym and

Volcaries {1470
Soerre Rirwa {2,400 HI Fonurmbg Oraw Mbrs.

T T ] Yefm iy
[ 1 g
NEEE e |
g - - =
]
£ Y aboecaFes Prs
& - — [Borsim Mbr. localy at bazoel

JUR

W Gobiver, Beeman, Holer Fms,
| |Sacramenta Mis. and southwrn
i edge of the Tularosa Basal

PEMNSYLVANIAN

TRIASSIC

W .°-'6-. '.‘°" Sants Ross S

Caballern, L aka Yaltey,
Rancharia and Beims Fma.

WMiss
i
!
|

" — o

0

Sy Gap, Parcha, Orate Fre

it g Fussebman Dol

| s

B Pasg and Mnntoys Fms.

0ROQ

Biss Ss.

-

Prevamhrisn comples of gesss
with vavisbie amannts of

mr \

rocks intraded by granific rocks

et

PRECAMSE

Figure 3. Generalized stratigraphic column for southeastern
New Mexico corresponding to Figure 2. From the New Mexico
Highway Geologic Map, New Mexico Geological Society (1982).

6



D. STRATIGRAPHY AND HYDROLOGIC CHARACTERISTICS

Yeso Formation (Permian)

This study is concerned with the Permian Yeso Formation
which contains a great variety of sedimentary rock types.
Up to 2000 ft (Childers and Gross, 1985) of thinly bedded
1imestone, sandstone, dolomite, shale, anhydrite (gypsum at
the surface), and salt are somewhat uniformly interlayered
throughout the formation. These beds were deposited in a
saliﬁe epicontinental sea (Childers and Gross, 1985) .
Figure 4 is a schematic stratigraphic column for the Yeso
Formation, taken from Childers and Gross (1985). There are
several water-bearing zones within the Yeso Formation, of
which the most pronounced is the Drinkard Sandstone (also
known as the Tubb or Fullerton Sandstone), some 400 feet
above the basal contact. However, common deposits of gypsum

“and salt impair the quality of water in these zones.

Abo Formation (Permian)

The Yeso Formation is underlain by the Permian Abo
Formation, a thick unit (up to 3000 feet in the deepest part
of the basin) which contains primarily dark red shale with
sandstone, limestone, and dolomite. Childers and Gross
(1985) used the dark red shales of the Abo Formation for a
shale line on geophysical logs. The Abo Formation, which

consists of continental sediments near the Pedernal Uplift,



UPPER YESO

300 -1000’

UPPER MIDDLE
YESO

300-1100°

LOWER MIDDLE
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( Drinkard )

150-400’

LOWER YESO

4007

Sandstone, sandy limestone,
some anhydritic dolomite

Dolomite, shaly dolomite,
anhydrite, limy dolomite,
limestone

Sandstone, shaly sandstone,
shaly limestone, sandy dolomite
(Drinkard Tubb Fullerton )

Anhydrite and dolomite,
sandstone lenses, some salt bed?
Basal Yeso Fm is thick bed of
anhydrite.

Figure 4. Generalized stratigraphic column of the Yeso
Formation. Modified from Childers and Gross (1985).
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grades into marine deposits toward the east.

san Andres Formation (Permian)

The Yeso Formation is conformably overlain by the
Glorieta Sandstone of the permian San Andres Formation. The
San Andres dominantly consists of homogeneous limestone,
dolomite, and anhydrite, and is considered the principal

aquifer in the basin (Childers and Gross, 1985) .



CHAPTER 2. METHODS
A. SAMPLE SELECTION

samples consisted of both well cuttings from three
wells that were studied by childers and Gross (1985), and
hand samples collected from selected outcrops in the
Sacramento Mountain - Roswell Basin study area (Fig 1).
Hand samples provided comparison with the subsurface samples
and fendered a greater volume of material for analysis.
Although samples from the Yeso Formation were of primary
interest, also collected were several hand samples from the
~San Andres and Abo formations, and well cuttings from the
Abo Formation. Well cuttings were obtained from the New
Mexico Bureau of Mines and Mineral Resources Petroleum
Records Library in Socorro. Because the analytical
techniques used in this study are destructive, the cuttings
were thoroughly described, and only half of each sample was
removed and analyzed. One well, No. 2, had duplicate
samples available from vates Petroleum Corp., thereby
allowing more volume for analysis. The criteria for
selection of the three wells jinvestigated included the
extent of geophysical investigation by Childers and Gross
(1985), the volume of available well cuttings, and the
location of the well with respect to the hydraulic gradient

in the area. Of the 18 wells studied by Childers and Gross
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(1985), only five adequately satisfied the selection
criteria. The greatest limiting factor was the relatively
small volumes of desired samples available in the Petroleum
Records Library.

During drilling, well cuttings that are to be collected
are cleaned and placed into small envelopes. Typically each
envelope represents a ten-foot interval of borehole depth,
which in this case because strata are nearly horizontal, is
also approximately stratigraphic thickness. For this study,
sampie interval selection was based on childers and Gross’s
(1985) geophysical well log interpretations; they
interpreted several aquifer zones within the Yeso Formation,
and intervals potentially containing high percentages of
clay materials were identified from gamma-ray logs. These
zones were the prime candidates for study where sample
volume was sufficient. The intervals chosen for sampling
are shown for each well in Figures 5, 6, and 7. A
stratigraphic cross-section containing the three wells is
shown in Figure 8. Within each interval, chips were
separated into rough "lithologies" according to visual
appearance (color, texture, and luster), response to
jmmersion in HCL, and physical characteristics (hardness).
Drilling mud chips were jidentified by their bright white
color, softness, and striation marks from the drill bit,
and were separated from the rest of the chips. The purpose

of this classification scheme was to attempt to relate a
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particular dominant lithology to the relative proportions of
clay mineral groups present. In order to produce a
sufficiently large volume of samples, these "lithologies"
were composited over several intervals. In general,
sufficient sample volumes for inspection by powder mount Xx-
ray diffractometry and for clay mineral analysis was not
available from the most desirable stratigraphic zones. This
was expected because litholecgies from the zones of interest,
(i.e. aquifers and/or high-percentage clay intervals) are
less likely to be coherent and recovered as chips from the
drilling process. For example, although there are high
percentages of clays in shales, shalgs‘are easily broken by
the drill bit and are therefore not-éenerally recovered as
diétinct'chips. For those intervals in which chips were
insufficient in size and/or volume, the finest fractions in
the envelopes, here called powders, were collected for
analysis. Using the above mentioned criteria to produce a
single sample, the samples were then named by well number,
interval number or well depth, and physical characteristic.
If the sample was composed of the powder fraction, then the
word powder was added to the sample designation. Once
samples were prepared for X-ray diffraction, the slide
number was then added to the sample name. Thus (2Y) 1520-30
Powder #2 indicates that this sample is from well 2, the
duplicate Yates Petroleum Corp. sample envelopes, the

NMBM&MR library, a depth interval of 1520 to 1530 ft,

16



consists of powders, and is the second slide for that
"]lithology".

The outcrop samples were collected from the area
indicated in Figure 1. This area contains excellent
exposures of easily accessible Abo, Yeso, and San Andres
formations. These outcrop exXposures provided large hand
samples, which, upon treatment, would yield a larger volume
of insoluble residues and clay minerals compared to the
smaller volume chip or powder samples from the subsurface.
Thesé samples were catalogued according to stop number on
the day of collection and to the order in which they were
collected. Thus, (3-2) Rk -1, indicates that the sample was
the second sample collected at stop 3, that it is a hand
sample as opposed ﬁo well cutting, and that it was the first
slide made. Appendix I contains descriptions of the hand
samples. In outcrops and some of the hand samples, several
‘sets of closely-spaced, continuous fractures and joints were
observed in the Yeso Formation. These features were not

evident during examination of the well cuttings.
B. LABORATORY METHODS

Although the effect of analytical technique on the
precision of quantitative clay mineral analysis has been
discussed (Gibbs, 1965, 1968; Pierce and Siegal, 1968), a

single method for quantitative analysis of clay minerals has

17



not yet been accepted internationally. More recent work has
shown that a semi-quantitative approach may be more useful
(Austin and Lenninger, 1976). With either a quantitative or
semi-quantitative approach, a critical element is the
consistency with which the analytical procedure is
conducted.

Because the objective of this study was to evaluate the
relative abundance of the clay minerals present in each bulk
sample semi-gquantitatively, the preparation techniques
chosen for x-ray diffraction were the unoriented powder
mount for bulk mineral analysis and the oriented slide of
less than 2 micron-size pérticles for clay mineral analysis.
The unoriented powder mount was used to observe the (hkl)
reflections and is especially effective for fine—ggained ‘
samples (Carroll, 1970). The oriented slide technique, also
called the sedimented slide described by Schultz, (1960),
produces a slide in which the clay minerals are mounted in
an orientation perpendicular to their c-axis, thus enhancing
the basal (001) reflection. Diffractometer patterns that
show only the (001) series of basal reflections are very
useful in clay mineral identification because each basal
spacing is related to the type of layer structure and
interlayer material involved (Brown and Brindley, 1980) .
Also used for producing the desired orientation was the
filter-membrane peel technique (Drever, 1973) of rapid

filtration via suction. Drever’s method has the added

18



advantage of concentrating the sediment onto a small portion
of the glass slide. Because the samples were of such small
quantities, this advantage was important and slides made
this way were generally superior to the sedimented slides.
However, many of the samples were not conducive to this
treatment, perhaps due to the type of material or
insignificant amount of clay minerals. Although the quality
of the sedimented slides ranged from excellent to poor, even
the poorest quality mounts yielded some useful data on clay
minefalogy.

Because the entire slide preparation procedure is
somewhat involved and poorly documented in the literature,

it is given below in outline form:

1. If necessary, chips of a "]1ithology" from
severaladjacent intervals were combined in order to produce
a large enough volume for analysis. Then the sample was
washed with distilled water to remove any remnant of

drilling mud.

2. The sample was crushed and hand ground with a mortar and

pestle, then passed through a 230 mesh screen.

3. The bulk mineralogy for each sample was obtained by x-
ray diffractometry with a Phillips Norelco wide-range X-Iray

diffractometer at the New Mexico Bureau of Mines and Mineral
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Resources x-ray laboratory, using monochromatic Cu radiation
at 40 kv and 25 mA, with divergence, anti-scatter, and
feceiving slits set at 1°, 49, and 19, respectively. The
sample was scanned from 2 degrees to at least 35 degrees
two-theta at a scan speed of 2 degrees per minute. The hand
samples were commonly treated differently at this stage.
Because their larger volumes exceeded the size of the
Norelco sample holder, they were split with a micro-splitter
to obtain a compositionally representative sample of a

. volume correct for analysis. Following x-ray diffraction of
this subsample, it was recombined with the rest of that

sample.

4., The sample was then weighed}to four decimal places using
an A & D electronic analytical balance (hand samples were

weighed to two decimal places).

5. The diffraction traces were analyzed for bulk
mineralogy. In all samples bulk mineral analysis revealed
the presence of either sul fates, Ca-Mg carbonates, or salts,
or a combination of these. Removal of these minerals before
clay mineral analysis was necessary because the x-ray
diffractogram traces of peaks for these minerals would mask
the peaks of clay minerals. Therefore, the method of EDTA
dissolution of gypsum, anhydrite, and ca-Mg carbonates

(Bodine and Fernalld, 1973) was applied to all samples.
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6. Next, the sample was acld-leached in .25M EDTA solution
buffered by 1 M NaOH to a pH of 10 = 12 for four hours.
Alternatively, the more convenient form, Tetrasodium EDTA
was used to eliminate the step of buffering with NaOH.
Condensor jackets were used to prevent rapid evaporation of

the solution.

7. After boiling, the sample was allowed to cool under a

hood until it could be handled easily.

8. The sample was then centrifuged and washed three times
for five minutes at maximum speed (approximately 4700 rpm)

to remove the acid and clean the sample.

9. If there was enough material, then the sample was
recovered into a pre-weighed beaker and dehydrated overnight
in a 100°C oven. After dehydration, the sample was
reweighed and beaker welght was subtractéd. This
measurement was considered the insoluble residue weight (See
Table 1). Often, there was too little material to attempt
this, in which case this step was omitted and the following

step was begun immediately.

10. The material was placed in a 100 ml beaker, and

distilled water was added to the 100 ml mark.
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Table 1.

SAMPLE WEIGHTS (in grams).
from "postleach sample pl
of insoluble residues".

"weight of soluble materials”.

MEASUREMENTS OF PRE-LEACH AND POST-LEACH ROCK
"Beaker weight" was subtracted

us bea

produced error or negative readings.

ker weight" to obtain "weight
The remainder was recorded as
Lack of data in any columns

INSOLUBLE

CHIP/ CPERMIAND DOMIMANT PRE-LEACH BEAKER ,eqipufs soruBlE
MAME POWOER  FORMATION SITE LITHOLIOBY weiaHT WEIGHT  wWeEIGHT  mMATEATALS
(3-0-1> #1 Rk Yoxa ROCK clay 21,0000 |a<. 1700 10<.1000 1.07
¢3-1) #2 Rk ’ Yeso ROCK calsite 19,4100  106.7rF00 116. 68500 e.s3
(3-2-1> #1l Rk ~ Yasa ROCK. dolomike 21.2300 10S5.5800 11P.61D0 9.20
¢3~-2-25 #3 Rk Yosa ROCK mixad
€3-2-33 #1 Rk e deso_ _ROCK __ calocite — o o __ b.oo
(3-3-37 Rk Yesa - ROCK quartz ~  Z0.1700 110.0900 122.9700 7.29
¢3-4) #3 Rk Yosa ROCK mixed 11.7€900 10S.6600 113,4500 3.94
€3a-5) #2 Rk Yesa ROCK calcite oo 8100 106.7300 117.2600 12.08
(3-7b) #2 Rk Yeso ROCE caloite 19,7900 10,0900 1i0.7000 15.18
¢5-13 #1 Rk __ Yeso _ ROCK _ __ caloite  26.£900 _79.2000__94.6800 _11.21
(5—27 12 Kk - Yeso TROCK doTonife 18,7500 {11.3000 119.5600  10.46
(5-4) #1 Rk Yaso ROCK quarts ©19.2900 g4, 1800 101.1200 2.35
(5-S3 #1 Rk Yesa ROCK caleite 26,3800 84,1900 99.0S00 11.5
(E=¥)=2 R : Aba RICK calcite 25.4300 106.6300 119.4000 12.86
¢A-Pald-3Rk  __ _ . o _Abc _ROCK caleite _ 22.5000 _106,8300 118.0300 11.30
Te~Pazr-1RE Fba ROCK™ — quartz 3 hoou T107.8100 124.0000 — &.81
(F=2m) #1 Rk Ye=a ROCK dolomite §3.5600 106.22700 141.9300 -0.03
(P=3ad #2 Rk Yeso RACK dolomits 25,8800 99_ 1600 16, 3400 —-41.30
CP=qa) B2 Rk ) . Yesao ROCK . mixed 21.3200 g4.0600  95.1500 10,23
R Rk . __ _ __ _SanBndres__ Rock _ _calsibe .
C1-C) Rk San Andres Rock calegite
C3-MC) Rk Yosa Rock quartz
¢2Y) 1520-30 Pouwd #2 POWDER  Ye=o WELL 2 calcite
C2%) 15a0-50 Powd #1 POWDER Yeo=o WELY 2 calcikte
¢6-1) Ped €3 __ __ CHIF Yasa _MELL § GUP S
(6-27 Red S#1 TTCRIF T Yeso — TRELL & ~ guesda
¢5-2) Red Powd #3 PIMDER  Yeso WELL & mixwd
6~32) Gray 5 CHIP Yesa WELL & mixed
(8-5) Red 1 CHIFP Yeoso WELL 8 quartz
¢2-5) Black 2 ___ __ _CHIP __ _“Yesa__ WELL B__ dalonikbe
(3-63 Red 1 CHIP ~ Yesa WELL 8 Quattz
Cg~73 Dk Gray CHIP Yesa WELL B anhgdeita

Table 1la.
CUTTINGS
Very few
obtained

SAMPLE NAME

(8-2) Mixed
13-3) Mived
(B-3} Black

(B-4) Black |

(8-4) Gray

MEASUREMENTS OF PRE-LE
SAMPLE WEIGHTS FOR SUBSURFA
post-leach weights were recovered.

as per Table 1.

SIiE LITHOL PRE-LEACH BEAKER
WELL 8 MIXED 13.87 102,40
WELL B MIXED 13.59 104,43
WELL 8 DOLOMITE 00.73 100,74
WELL 8  DOLOCMITE 1,12 10%.96
WELL 8  UNKNORN 10,13 162,27

ACH AND POST-LEACH WELL

BEAKER PLUS - POST-LEACH  WT. SOL

108.60
111,43
100.85
110.09
148.49
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6.20 1,67
7.00 6,39
0.1 0.62
0.13 0.99

.22 3.92

CE SAMPLES (in grams).
Results



11. The sanmple was agitated by stirring to create a
suspension of the particles. This suspension was left

undisturbedifor 5 minutes if flocculation did not occur.

12. If flocculation did occur, further treatment was
necessary to obtain a state of dispersion of clay particles.
This was achieved by a variety of methods depending on the
extent of the flocculation. The first method attempted was
to ré-centrifuge the clear liguid portion of the material in
the beaker for five minutes at maximum speed (approximately
4700 rpm). The sediment in the bottom of the tube was then
recovered into a 100 ml beaker and mixed with distilled
water. If this method was not successful in achieving the
state of suspension, then the sediment in the beaker was
hand-ground with a mortar and pestle with a small amount of
water to produce a slurry. Finally, if wet grinding was not

effective, a few drops of NH4Oy was added to the mixture.

13. Once the clay was in a dispersed state, the beaker and
its contents were left undisturbed for 10 miﬁutes. At the
end of 10 minutes, a pipette was touched to the surface of
the suspension and enough material was withdrawn to cover a
glass slide whether a cedimented slide or membrane peel was
made. This procedure withdraws the < 2 micron size fraction

of the suspension into the pipette. For a sedimented slide,
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‘the pipetted material was placed on a glass slide and left
to air-dry overnight at room temperature. For a membrane
peel it was necessary to place a fine filter, 0.45um dia.
pore size, onto a porous centered glass base attached to a
vacuum filter apparatus; the pipetted material was drawn
onto the filter. The sediment on the filter was then rolled
out onto a glass slide using a centrifuge tube as a type of
rolling pin.

This procedure produces a strongly oriented sample with
the ﬁineral’s c-axis perpendicular to the surface of the

slide which yields an intense basal xX-ray reflection.
C. SAMPLE PREPARATION PROBLEMS

Tt should be re-emphasized here that due to the
extremely small volume of sample available from the well
cuttings, this procedure was often unsuccessful. In
particular, the volume of material left after leaching was
often too small to recover or insufficient for glide
preparation. In additien, problems inherent in x-ray
analysis of clays are magﬁified by small sample volume. For
example, thin films prepared by sedimentation give the best
orientation for x-ray diffractometry, but are often too thin
and/or too inhomOgeneoﬁs to provide relative intensities
representative of the sample material (Brown and Brindley,

1980). The correct thickness of the mounted sample is
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required to give maximum intensity for diffraction from
crystal lattice planes (Carroll, 1970). Therefore, the
ideal preparation method chosen for diffractometry should
result in a thick, homogeneous sample smear in which the
maximum preferred orientation of basal planes lies parallel
to the slide surface. Also, the imperfectly crystalline
nature of many clay materials may in itself result in weak
diffraction patterns relative to background (Brown and

Brindley, 1980), thereby hindering interpretation.
D. SAMPLE ANALYSIS

Diffraction traces were made on the Rigaku Geigerflex
D/Max IA 26/6 x?ray diffractometervat the New Mexico Bureau
of Mines and Mineral Resources x-ray lab. Machine settings
were 40 kv and 25 mA with Cu K-alpha radiation and
divergence, scatter, receiving and monochromatic slits set
at 12, 1°, .3°, and .3° respectively.

Tt is not possible to uniquely determine clay mineral
groups based on basal reflections alone. Limitations are
the result of the typically broad nature of reflections due
to thin crystals and frequently disordered layer stacking
(Brown and Brindley, 1980). These factors produce
overlapping reflections and few observable reflections from
less abundant components. (Brown and Brindley, 1980).

Therefore it is typical in clay mineral studies to subject
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the samples to a variety of treatments that alter
diffraction patterns of components. Comparisons are then
made between diffraction patterns from samples before and
after treatment. Standard treatments include saturation
with a polar liquid, such as ethlyene-glycol, in order to
identify swelling components ( i.e. smectites), and
subsequent heat treatments that collapse swelling minerals
by dehydration of the interlayer material or destruction of
the mineral.

‘For this study, the method presented by G. S. Austin
(written commun., 1988) of the New Mexico Bureau of Mines
and Mineral Resources was used. In this method, all samples

were subjected to the following three runs:

1) The first run was an untreated, air-dried slide which
was scanned from 35 to 2 degrees (2.5 to 44.1734) at 2°
20/minute, and then slow scanned from 26° to 249 (3.7 to
3.48) at .25° 26/minute. The purpose of this run was to
provide a background diffractogram to which other
diffractograms from treated slides would be compared. The
slow scan was used to separate chlorite and kaolinite
because the (002) and (004) reflections of chlorite
(d=approx. 7.1, 3.55&) overlap the (001) and (002)

reflections of kaolinite (d=approx. 7.15, 3.584).

2) The second run was the ethlyene—glycol—saturated slide (
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i.e., a slide saturated in ethylene-glycol after at least 24
hours at room temperature or 30 minutes at elevated
temperatures), which was scanned from 15 to 2 degrees (5.9

to 44.178) at a scan speed of 2° 26/minute.

3. The third run was the heated slide, (i.e. a slide heated
for 30 minutes in a 375°C oven), scanned from 9.5 to 8° 20
(9.3 to 11.14) at 29 26/min and from 1% to 2° 20 (5.9 to

44.178) at 2° 2e/minute.

This treatment provides a method of comparing initial
peaks representing clay minerals with peaks that may shift
upon expansion or collapse. Identification of clay mineral
groups was based on their (001)d spacing and the vériation.A
of their d spacing in response to glycolation and
dehydration. Tdentification of the clay minerals depends on
measuring this response under controlled conditions
(Carroll, 1970).

The following discussion of the x-ray identification of

individual clay minerals is largely based on the study by

Carroll (1970).

Kaolinite -~ The presence of kaolinite group minerals
(treated as kaolinite) was determined by basal reflections
(peaks) at 7.2A=d(001), or 12.4° 20, and at 3.574=d4(002), or

24.99 26 on the untreated run. The (002) reflection was
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also identified by the slow-scan run of the air-dried slide.

amectite - Smectite group minerals (treated as
smectite) were jdentified by their characteristic d—spacing.
expansion upon glycolation. 1In glycol-treated slides, the
(001) peak expands to 174, or 5.2° 26, from about 154, or

5.7° 20.

Illite - Discrete illite was best identified by a peak
at 9;983=d(001), or 8.8° 28, on the glycol run. Whereas
smectite will expand upon glycolation producing a change in
d-spacing and consequent shift in peak position, the illite
d-spacing will remain intact.

Tt is important to note that although illite and
smectite were distinguished from each other as mineral end
members on the basis of response to glycolation, they may
also be present in the illite-smectite mixed layer series.
Therefore, where illite is interlayered with smectite, some

expansion will take place.

chlorite - The chlorite group minerals (treated as
chlorite) were identified by a peak at d(001)=14A, or about
6.2° 20, especially on the heat-treated slide. Other
reflections used in identification were on the untreated
slide at d(003)=4.78, or 18.9° 26, and on the slow run at

d(004)=3.5%, or 25.1° 20. As with the illite group, mixed
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layering with expandable clay minerals was noted.

Mixed-layer clays - The identification of the mixed-
layer clay minerals was based on comparison of the‘peaks for
illite on the heated and glycol runs, and smectite on the
glycol run, and their relationships. The‘technique employed
only differentiated the mixed-layer clay minerals in a
general manner. Carroll (1970) stated that regular
interstratified clays can be identified by an integral
sequence of (001) reflections that represent the sum of the
layer thicknesses, whereas randomly interstratified clays

are more difficult to recognize.
E. ANALYTICAL METHODS

A semi-quantitative method outlined by Austin (written
commun., 1988) was used to determine the relative
proportions of clay mineral groups with respect to the total
amount of clay minerals present. In this method peak
heights are used to represent the amount of mineral present,
and calculations are based on peak height above background.
Relative amounts are reported in integer values of parts per
ten rather than as absolute abundances, because results are
obtained by comparison‘of the untreated, glycolated, and
heat-treated x-ray diffractograms as well as by measurement

of peak heights as counts. The following equations were
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used to calculate the relative proportions of clay minerals

in each sample:

I1lite = I;g/T X 10

Smectite = M;/4//T X 10

Mixed-layer clays = Ijg - (I1g * Mq,/4)/T X 10

Kaolinite = K1/T X 10
or, if chlorite is present
= K,/2C4 X C3/Ip X Ijg X 10
, where T = Ijg + Kj
| br,wif chiééite is present
= Iiy + (C3) (T16)/T2 + (K2) (C3) (T)/2C4(I3),
where T = Total counts (peak heights above
background) ;
kKl = 12.4° 20 (7.16R) counts on the untreated run;
I, = 17.8° 20 (4.96&) counts on the untreated run;
c3 = 18.4° to 18.99 206 (4.7A) counts on the
untreated run;
K, = 24.9° 26 (3.574) counts on the slow untreated
run;
Cy = 25.1° 26 (3.544) counts on the slow untreated
run;

Iic = 8.8° 20 (9.98R) counts on the glycol run;
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M,/4 = 5.25 26 (17.04) counts on the glycol run;
and, I,y = 8.8° 26 (9.984) counts on the heated run, for
illite, smectite, and mixed layer clay
minerals.

A computer program written in Fortran was used to
perform all calculations (see Appendix II). This
calculation method is not sufficient to differentiate
various mineral types within the smectite, mixed-layer clay,
and chlorite, etc. groups. However, it is appropriate for
approﬁimation of proportions of illite, smectite, chlorite,
kaolinite and mixed-layer clay mineral groups and is

modified from other standard calculation methods.
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CHAPTER 3. RESULTS
A. DATA CHARACTERIZATION

Based on an examination of all diffractograms for 54
samples, samples were assigned to one of two data sets. The
first set, which comprised approximately two thirds of all
the data, consisted of diffractograms that were compatible
with the criteria for semi-quantitative analysis as
descfibed by Austin (written commun., 1988). This set,
referred to as the “"semi-quantitative database", is shown in
Tabie 2 with results of relative proportions of clay mineral
groups glven as 1nteger values of parts per ten. Samples
.from this data set all yielded very con51stent o
diffractograms. Figure 9 shows a representative
diffractogram for this group. Six additional samples either
contained insufficient volume of clay minerals for analysis
or were devoid of clay minerals. Consegquently, a value of
zero was assigned for each clay mineral in the parts per ten
calculations for these samples. Records of these samples
(see Table 3) were separated from the semi-quantitative data
base because the zeros would produce a weighted effect in
statistical analysis and would not be useful in comparing
relative proportions of clay minerals in other samples.
However, these six records may provide other pertinent

information concerning the relative volume of clay minerals
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Chlorite
Chlorite, Kaolinite

HEATED

GLYCOL

UNTREATED

2 5 10 15
DEGREES 20

Figure 9. Representative diffractograms, from sample (2Y)
Lt. Gray $1, for semi-quantitative data set. See text for
details concerning untreated, glycol, and heated runs.
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in a rock sample. Also separated from the semi—quantitative
data base were eight records for seven duplicate samples.
The best record per duplicate sample was chosen fbr the
semi-quantitative data base and the others were maintained-
separately for comparison. These results are given in Table
4.

The second set, which consisted of diffractograms for
13 samples, could not be evaluated semi-quantitatively due
to the presence of additional peaks that were unaccountable
usinglAustin’s (written commun., 1988) equations. This set,
referred to as the "semi-qualitative database" (Table 5),
was further subdivided into either the "rectorite?" group
or the "corrensite?" group depending on the location of
additiénéi ﬁééks.

piffractogram traces of the four "rectorite?" group
samples, see Figure 10 for a representative example, showed
sharp, symmetrical peaks at 6.4° and 11° 28, (13.8 and
8.04), which intensified with glycol treatment and were
destroyed by heat treatment. These characteristics are
suggestive of rectorite, a three layer (2:1) ordered mixed-
layer clay mineral. Therefore, the label "rectorite?" was
tentatively applied to represent this phase. However,
unlike rectorite, the unknown phase is unstable at 375°cC,
(Brown and Brindley, 1980). Further identification of this
phase was not possible due to the absence of a third peak,

which, in combination with the other two peaks would be
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Table 4.
description.

DUPLICATE SAMPLE RESULTS.
Results are given in parts per ten illite

See text for

(i1), smectite (sm), chlorite (chl), mixed-layer clays (mx),

and kaolinite (kaol).

SAMPLE DOMINANT

MAME SITE LITHOLOGY Il M CHL M KAOL
(6-1> Red EZ2 HELL & gyp=um 5 [2] 3 1 1
(6~1> Red E3 WELL & gupsum 4 ) o 2 <
(6—-12 Red EA4 WELL & gypsum ] u] 2 2 1
¢6—23 Red Comp #1 WELL & gypsum 13 1 o -3 ja}
£6-2) Red S #1 __WELL 6 gwpsue _ 4 o0 3 i S
(E-3) Gray #1 WELL & mixed S [1] S -1 2
(6-3) Bray #5 WELL & mixed < 3] 3 1 1
(6-3> Black Sty Comp#l WELL & mixed S [} 3 1 1
(6-3> Black Sty Comph2 WELL & m ixed S a 3 o 2
¢6-4) Smooth Comp__ WMELL 6 _ dolomite  __ .4 __0___ 1 4 1
(E—4) S#3 Str Cent WELL & dolomite S o] 2 2 1
¢8-32 Black #1 WELL & dolomite < a} 2 3 1
¢8-33 Black #2 WELL B dolomite -4 ] 2 3 1
(7-43 #1 Rk ROCK mixsd =] o Q 4 Q
(7—4d) #2 Rk ROCK mixed =] ] o 2 Q
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Rectorite?

ii;§§i:=’j ;::::::::::=—ﬂ_-"“.
Rectorite?
T Chilorite, Kaolinite

HEATED

GLYCOL

UNTREATED

i 1 1 5 1 3 1 ] 1 [l [l i

2 5 10 16
DEGREES 20

Figure 10. Representative diffractograms, from sample (2Y)
1520-30 Powder #2, for tractorite?"-bearing samples . See

text for details concerning untreated, glycol, and heated
runs.
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diagnostic of rectorite, within the scanning range used.
The very sharp, symmetrical nature of the peaks, which
indicates a high degree of crystallinity, suggests this
phase may not be a clay mineral. One possibility for the
presence of this phase is that it was generated during the
process 6f Na,-EDTA leaching. If so, it may be a
precipitate of sodium carbonate.

The "corrensite?" group contained nine samples with
diffractogram traces, see Figures 11 and 12 for
repreéentative samples, that showed peaks between 2.4 and 3°
26 (36.8 and 29.4&), and a broad peak in the vicinity of
smectite, between 5.2 and 6.0° 28 (16.9 and 14.724), on the
air- drled run. W1th glycol treatment the lattlce expands,
so the latter peak shifts to about 5.6° 26 (15 8&), and upon
heat treatment partially collapses to about 6.1° 26 (14.5ﬁ).
The presence of the low-angle peak, which indicates a
superlattice structure, combined with the swelling behavior
is characteristic of the diagenetic mixed-layer
chlorite/expanding 2:1 clay referred to as corrensite
(Hower, 1981). Original usage of the name corrensite was
applied to a regular-ordered 1:1 interstratification of
chlorite and swelling chlorite by Lippmann (1954), where
swelling chlorite refers to an imperfect type of chlorite
structure that expands with glycolation to 184 but does not
collapse to 104 upon heating to 500°Cc. Restriction of the

name to a regular 1:1 interstratification of trioctahedral
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Figure 11. Representative diffractograms, from sample (6-2)
Red Powder #3, for subsurface "corrensite?'"-bearing samples.
See text for details concerning untreated, glycol, and
heated runs. Patterns between 10-12° 20 were from machine
errors.
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Figure 12. Representative diffractograns, from sample 3-XC
Rock, for surface vocorrensite?"-bearing samples. See text
for details concerning untreated, glycol, and heated runs.
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chlorite with trioctahedral smectite or vermiculite has been
suggested for current usage (Newman and Brown, 1987).
Distinction between corrensite, chlorite/smectite, and
chlorite/vermiculite requires heating to 600°C (Bassett and
Palmer, 1981), and was not possible in this study because
samples were prepared using glass slides that would not
withstand that temperature. However, comparisons of the
peaks in these samples with diagnostic charts in Brown and
Brindley (1980) and the study by Bassett and Palmer (1981)
suggést that this phase is probably either éorrensite
(Lippman, 1954) or chlorite/smectite. Because positive
identification of this phase was not made, the tentative
label "corrensite?"‘was used to flag samples containing this

phase in the semi-qualitative database.
B. ANALYTICAL TREATMENT

Initially, the two databases were analyzed separately.
The semi-quantitative data were analyzed for relative
proportions of clay mineral groups, expressed in parts per
ten (Table 2). The semi-qualitative data were also analyzed
for relative proportions of clay mineral groups, but with
the understanding that this was not a strict application of
the equations developed by Austin (written commun., 1988).
Instead, values for this database were considered to be

"assigned" rather than rigorously calculated, with the basis
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of assignment being peak heights and shifts in peak
locations comparable to Austin’s method. The reason for
including these data was to determine whether or not the
mixed-layered chlorite phase was present under distinctive
conditions, such as with a particular dominant lithology, or
in a particular stratigraphic zone, or with a particular
assemblage of other clay minerals. The values obtained in
this fashion are given for the semi-qualitative data in
Table 5. Comparison of Table 5 with Table 2 indicates that
the éemi—qualitative data appear compatible with the semi-
quantitative data, and so a third database was created which
contained both data sets. This database, referred to as the
"combined database", is given in Tadle ©:

All three databases were analyzed for‘several baéic
statistical parameters using the 1LOTUS 123 software package
on an IBM personal computer. Results of clay mineral
analyses from each database were evaluated for the mean,
standard deviation, coefficient of variance, and minimum and
maximum values for each clay mineral group in combination
with desired parameters. These results are given in
Appendixes IIIA, IIIB, and 11IC, for the "semi-
quantitative", "semi-qualitative", and ncombined" databases
respectively. Database statistics were performed by Julie
Tupper, (New Mexico Institute of Mining and Technology,
Department of Geoscience) in LOTUS 123. Because the purpose

of this study is to look for possible trends in the relative
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proportions of clay mineral groups associated with various
parameters (dominant mineralogies, porous zones, etc.),
rather than absolute measurements, the application of
statistics is viewed here as nonparametric statistics.
Nonparametric statistics are used when the probability
density distribution of a variable is not known and
therefore few rigorous statistical tests are applicable.
However, numerical values of the means, standard deviations,
minima, maxima and number of data in sets of data, etc., are
useful for comparison of data sets with each other. For
example, each data set has a range defined.by its mean plus
and minus its standard deviation and if this range doesnot
overlap another set’s range, then, for the purposes of this
"étudy;”therefis‘é'signifiéant'aifferenée in the means
between these two data sets.

Each data set was sorted, meaning that representative
individual samples were compiled, by each of the following
parameters in order to determine if a particular clay
mineral group assemblage was directly related to any of the
parameters or dependent on the presence or absence of any of
the parameters: 1) by site ( well $#2, well #6, well #8,
outcrop) which represents geographic or lateral position;

2) by dominant lithology/mineralogy (anhydrite, calcite,
dolomite, gypsum, mixed -- the latter where minerals such as
calcite and quartz occur subequally as they might in a sandy

limestone or a calcite-cemented quartz sandstone); 3) by
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stratigraphic zone (see Figures 5, 6, and 7); 4) by
character of the zone (porous, high clay content, or both
(Childers and Gross, 1985); 5) by formation (Yeso or Abo) ;
and 6) by the form of the sample (powder or chip). If there
were insufficient records, (i.e. two or less), then a mean,
standard deviation, coefficient of variance, maxima and
minima were not computed.

These parameters were used to make comparisons between
data sets. When it was determined that the semi-
qualitative data were deemed quite similar to, that is
lacking significant difference'from, the semi-quantitative
data, the two were combined and this third database was
subjected to the flnal statlstlcal analy51s. At this stage,
'rthe data were sorted accordlng to selected multlple crlterla
(Table 7) in order to define trends or consistencies in the
relative proportions of clay mineral groups with respect to
those criteria.

The percentage insoluble residue data were not
pertinent to the sorting analysis and are therefore shown

separately in Table 8.
C. RESULTS

overall, the data indicate consistent relative
proportions of clay mineral groups for all samples.

Typically, illite is the most abundant clay mineral group,
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Table 7. MULTIPLE CRITERIA FOR PERFORMING DATABASE SORTS .

o > <
- = =L =t
<t - - O
N W W v O o -
o L
— — — (] [ e anl o a a ) Lt
- — — I =) & O — = = =
W e o <O w m O = O — O o O
= =2 = > = a T m o a NN
CALCITE X X X X X X
DOLOMITE X X X X
GYPSUM X X X
QUARTZ X X X X X X X X
MIXED X X X X X
YESO X X X
ABO X X
POROUS X X X X
CLAY X X X X X
BOTH X X X
CHIP X X ) X
POWDER X X X
ZONE 3,3A X ' X
4,4A X ' X X X
5 X X X X
6 X X X. X
7 X X ’ X
10 X X X X X
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Table 8. WEIGHT. PERCENTS INSOLUBLE RESIDUES AND SOLUBLE
MATERIALS. See table 1 for additional data.

SURFACE SAMPLES

i -~ ¢PERMIRM) COMIMANT 7 INSOLUB SOLUBLE
MAME FORMAT 10N SITE LITHOLOGY RESIDUES | PERCENT
(3-0-1> #1 Rk Yoz ROCK clay —342 Sz
€3-1> #2 Rk Yasa ROCK calcite a5 5
(3-2-1) #1 Rk Yemo ROCK dolomite 54 4€
¢3-2-2> #3 Rk Yeso ROCK mizxed 57 | 43
(2-2-37 #1 Pe_ Yeso  _ _ _ ROCK calcite i
(3-3-33 Rk Yeza ROCK guarts “—epr T~ ERR
(3-4) #3 Rk Yaoso ROCK mixsd 64 35
€3-5) #2 Rk Yaso ROCK calzite && aq
(3-7b> #2 Rk Yoso ROCK caleite ar =3
€5-1) #1 Rk Yeso . . ROCK calsite 23 7
(5-%3 82 Rk Yo=a RACE — aelomit®  —— T8 T Az
(5~4) #1 R Yemo ROCK Qquart= < =56
(5=5) #1 Rk Yoso ROCK, calcite Bss 12
CE~MI—2 Rk FAbo RICK caleite 55 s
CE~PalY-3IRk fAbo ROCK - calcite s0 50
TE-paiy—1Rk s — — —ECE~ “EusFEE -~ T 88 S0
(P~2a) #1 Rk Yaso ROCK dalomi e 70 a0
(P-3ad #2 Rk Ye=o ROCK dolamite 100 a
(P-Azx3 #2 Rk Yasa ROCK mixed 273 179

SUBSURFACE SAMPLES

SUMPLE NoME S1TE LITHOL %ZINSOL % SOL
(6-2) Mixed  WELL 8  MIXED as 55
(8-) Mirxed  WELL B . MIXED 51 29
(g-3) Black  WELL & DOLOMITE 15 g5
{8-4) PBlack ~ WELL 8 DOLOMITE 11 eg
(8-4) Grav WELL B  UNKNCOWN 62 =g
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with chlorite, mixed-layer clays, kaolinite and smectite
occurring in decreasing order of relative abundance. The
average clay mineral assemblage, in parts per ten, for all
samples in the combined data base ig as follows, with the
corresponding standard deviation given in parenthesis:
illite = 4 (+/- 1.51), smectite = 0 (+/- .93), chlorite = 2
(+/- 1.28), mixed-layer clays (excluding chlorite groups) =
2 (+/- 1.47), and kaolinite = 1 (+/-.96). These values and
other values for maximum, minimum, and coefficient of
variation are shown in Table 6.

The results of sorting the data according to the
combinations of criteria shown for the combined database in
Table 6 are given inﬂkppendix IV. The results show no

1“9“ﬁé§iéﬁiéhiffbﬁ;fhé:éﬁéfégéiégﬁngition fegardleSsnéf
stratigraphic or geographic positicn, dominant
lithology/mineralogy, character of zone, formation, or form
of the sample. Of interest, however, is that the ten
"corrensite?"-bearing samples are from all localities other
than well 2.
Bowie and McLemore (1987) studied the claj mineralogy

~of Yeso sandy claystones and Abo claystones and fine-grained
sandstones in outcrops from the Loma de las Canas and
viéinity near San Antonio, New Mexico. They used a sample
preparation procedure similar to that used in this study, as
well as Austin’s semi-quantitative method for reporting

relative proportions of clay mineral groups. Consequently,
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a direct comparison of the relative proportions of clay
mineral groups present can be made between the studies. The
average clay mineralogy for the Yeso and Abo Formations
reported in Bowie and McLemore (1987),‘giVen in parts per
ten with standard deviations in paraenthesis, is as follows:
3 Yeso samples - illite = 4 (+/- 0.6), chlorite = 3 (+/-
0.6), kaolinite = 2 (+/- 1.0), smectite = 0 (+/- 0.6), and
mixed-layered clay minerals = 0 (+/- 0.6); and 10 Abo
samples - illite = 3 (+/- 0.6), chlorite = 3 (+/- 0.6),
kaolinite =3 (+/- 1.6), smectite = 0 (+/- 0.3), and mixed-
layer clay minerals = 1 (+/- 0.8). These values fall within
the range of values determined for the Yeso and Abo
formatlons in the present study (see Appendix IIIA p.83).

| The conSLStency of values for relatlve proportlons of
clay minerals in all samples in this study indicates that
drilling mud contamination was not a problem. Drilling muds
are typically from bentonites; a clay rock consisting
essentially of smectite minerals (Patterson and Murray,
1983), used for their swelling properties. Most commonly
used is a high-swelling sodium bentonite, called Wyoming
pentonite. Hectorite, a high-swelling 1ithium-bearing
variety with high-viscosity properties is also widely used
(Larsen, 1955). Therefore, contamination of subsurface
samples by drilling mud would have produced a high value for
smectite minerals. Comparison of averages and standard

deviations for samples from chip versus samples from powder
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and between surface and subsurface samples eliminates this
concern (See Appendix IV) because of the low proportion of
smectite.

Measurement of percentage insoluble residues was
intended to provide information regarding the volume
fraction of clay minerals, especially hetween lithologies.
Recovery of post-leach weights was very poor for subsurface
samples, with only five successful measurements. Post-leach
weights for surface samples were more easily measured
becaﬁse of their greater sample volume. Samples yielding
results were from clay-, calcite-, dolomite-, mixed-, and
quartz-dominant lithologies. values for weight percentage
1nsoluble residues ranged from 95 percent in the 51ngle
*domlnantly clay ‘sample to 23 welght percent for a sample

composed mostly of calcite.
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CHAPTER 4. DISCUSSION

Given the wide variety of sampled lithologies, the
relative proportions of clay minerals present in all samples
is remarkably uniform. Therefore, it is necessary to
evaluate the possible contributing factors in this study to
determine if the uniformity could have been induced.
Firstly, the inherent difficulties in attempting to quantify
relative proportions of clay mineral groups in the less than
two micron size fraction has been discussed in Chapter Two.
In this study the greatest difficulty has been the lack of
replication in methodology, owing to the destructive nature

of sampllng and proce551ng However, Schultz (1968), stated

;V“that of four varlables (1nterpretat10n of measurement of

peak size; machine variations; sample preparation; and
sampling procedures) affecting the reproducibility of
quantitative values from x-ray diffraction studies of clays,
the inconsistency in interpretation of peak size seems to
cause the largest variation in calculated values. Therefore,
in this semi-quantitative study, interpretation of peak size
was made as consistently as possible.

A second potential problem is that the summation of
total parts per ten clay minerals sometimes adds up to less
than or greater than ten parts per ten for many samples.
However, this is acceptable in Austin’s (written commun.,

1988) semi-quantitative method. The equations used for
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mixed-layer clays may result in a negative value (see page
30), thus making it possible to obtain sums less than ten.
Also, computed values are rounded off to the nearest whole
number, which can produce sums less than or greater than
ten. This type of variation is not uncommon in clay mineral
studies (Pierce and Siegal, 1968).

A third factor that may enhance the appearance of
uniformity is inherent in the application of statistics to
semi-guantitative data when the population density
distribution is unknown. In a Gaussian density distribution
two thirds of all data would fall in a range of plus or
minus one standard deviation about tﬁe mean, and the other

one third data would fall equally into the extremes. Thus,

'rffor a’ dev1at10n to "be- s1gn1f1cant 'in‘a ‘semi- closed sYStem

where all data add up to approximatlely ten, a deviation
would have to be extreme. In addition, each time a sort is
performed on selective data, the sample population
decreases, thus adding a weighted effect to each
observation. The number of observations is an important
consideration in statistical analysis.

Tn addition, it is necessary to consider the effect of
drilling on certain lithologies to determine if lithologies
may have been selectively removed from sampling by not being
recovered in the drilling process. This is probably a
reasonable concern due to the fact that there are few

clastic lithologies represented in the subsurface samples.
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A combination of these factors may produce an enhanced
appearance of uniformity.

comparison of the results from this study with studies
of clay minerals in evnporite sequences throughout the world
(Table 9) shows agreement with respect to the types of clay
minerals present. However, it is difficult to make
guantitative comparisons between studies of the relative
proportions of clay minerals present due to differences in
sample preparation and analytical methodology (Pierce and
Siegél, 1968) . Therefore, compafisons should be made in
general terms such as the dominance of a certain clay

mineral group compared to the other clay mineral groﬁps

_upresent. A common component of the clay mlneral assemblages

"'1n all the 01ted studles is “the abundance of chlorlte,
followed by the mix-layered chlorite group minerals. Palmer
(1987), presented a detailed clay and brine chemical model
that addressed the development of this characteristic
assemblage. Most of the above-mentioned studies also
indicate the presence of well—crystallized illite minerals,
which are typically of detrital origin.

corrensite is thought to have a diagenetic origin
(Hower, 1981) and other studies cited in Tabkle 9 tend to
agree about a diagenetic origin for corrensite as well as
the possible varieties of the "corrensite" of this study.
The consistency of the relative proportions of clay mineral

groups reported in this study could indicate a consistent
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Table 9. Previous studies of clay asse

mblages in evaporite rocks.

Rock age 1 Formation Ciay
y Study ang location l ang lithology assemblage |
Earley and others (1956) Permian | Yates Formation 1 Chiorite/ !
Southwest Texas siltstone/dolomite | smectite
Grim and others (1960) Permian | Salado Formation Smectite/

chaotic mudstone-halite

talc/saponite,
talc, chiorite,

Southeast New Mexico potash chlorite, '
, vermiculite/  °
] | chiorite ;
Harrison and Droste (1960) Mississippian St. Louis Formation | Chiorite, i
indiana gypsum/anhydrite | illite 1
Fournier {1961) Permian Salado Formation | Chlorite/ '
Southeast New Mexico potash \ vermiculite, !
! chlorite [
lLounsbury {1963) Silurian | satina Formation ! Chlorite,
Michigan evaporites L illite |
Braitsch (1971) Permian Zechstein Talc, i
Germany evaporites chiorite, 1
corrensite !
Bodine and Standaert (1977) Silurian Vernon Formation Chilorite ;
Western New York halite illite 1
Bodine (1978) Permian Salado Formation Chilorite/
Southeast New Mexico halite/anhydrite saponite

chiorite, illite

| saponite,
! i illite
Holdoway (1978} Permian | Fliowerpot Shale | Chiorite/ ;
Southwest Kansas chaotic vermiculite, |
mudstone-halite ’, illite i
Bodine and Rueger (1884) Pennsylvanian Paradox Formation Chiorite/ |
Utah halite smectite, i
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diagenetic pore fluid over an area as large as the study
area (Fig. 1). If so, the lack of corrensite in well 2
could result from a local anomalous diagenetic fluid. This
could require that well 2 lithologies be somehow physically
isoléted or separated from the pore fluids affecting the

rest of the area, perhaps by topographic barriers.
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CHAPTER 5. SUMMARY OF CONCLUSIONS

The relative proportions of clay mineral groups in
samples used in this study are remarkably uniform without
regard to dominant l1ithology/mineralogy, stratigraphic or
geographic position, or physical nature of samples.
Inherent properties of semi-quantitative and semi-
qualitative clay mineral analysis and the application of
ba51c statistical analy51s to them in a semi-closed number
system may produce an exaggerated sense of uniformity.
Although sample preparation techniques removed drilling mud

from subsurface samples, rotary drilling effects may have

n@m?removed some 11thologles from“the sample populatlon,‘furthgr

Nenhanc1ng ‘the con51stency of the results.' However, the

overall types of clay minerals present in the Yeso are
compatible with those in other evaporite sequences
throughout the world. In particular, the occurrence of
corrensite or chlorite/smectite in the samples is consistent
with other studies and is jndicative of diagenetic

conditions.
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CHAPTER 6. RECOMMENDATIONS FOR FUTURE WORK

As Childers and Gross (1985) concluded, the best way to
address the questions concerning subsurface lithology ﬁould
be to drill a well through the Yeso Formation and extract
core and water samples. This is also a conclusion in this
study. Core samples would increase sample volumeand include
clastic lithologies, and therefore permit replicate analyses
for more statistieally reproducible results. Due to the
prohibitive cost of coring a deep well, less expensive
alternate means of sample augmentation could include

collection of outcrop and/or core samples from the Yeso and

e'51“from “the’ Ozark—Mahonlng HNM—8 well ‘Hear Blngham, New Mex1co,;
are being analyzed for relative proportions of clay mineral
groups in the less than two micron size fraction by other
workers at New Mexico Institute of Mining and Technology.

Future laboratory studies will be important, especiallf

if they can discriminate between keolinite and chlorite by
using different slide materials and techniques. A high-
temperature resistent material, probably ceramic, will be
required to further investigate the "corrensite?" of this
study. In addition, supplemental analysis for major ions by
x-ray fluoresence would contribute to our understanding of
pore-fluid chemistry and its effect on clay mineral

diagenesis. Such data would provide geological,
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geophysical, and geochemical constraints in modelling the
depositional and diagenetic environments of the Yeso and Abo
formations in the Roswell Basin. X-ray fluorescence
analysis might also answer the question of whether
"rectorite?" exists in some samples.

More information might be obtained from the existing
data by additional statistical analysis. Further
investigation, using multi-variate distribution tests and
additional nonparametric tests such as cluster ranking,
mighf be helpful in delineating any deviations from the
means that were not apparent using the methods employed in
this study.

s . Most. 1mportantly,_develop1ng a method for 1mprov1ng )

recoverfdtechnlques_for small welghts of insoluble re51dues
could greatly aid in defining the volume fraction of clay
minerals, and its potential effect on geophysical logs.
Clay mineral volume estimates of this nature would also be
useful in predicting hydrologic characteristics and water
quality for the basin. Fritz (1986), discussed the
importance of clay membranes on hydraulic permeability and
pressure and on solute transport. These hydrologic
parameters are important for groundwater modelling. As
continued population and industrial growth impose increasing
demands for high qualiiy water in the Roswell Basin area,

water quality information will become critical.
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APPENDIX I. HAND SAMPLE DESCRIPTIONS™

*classifications based on Dunham (1962) for carbonates, Dott
(1964), Pettijohn et. al (1972) for clastics. Described by

James Harvey, NMIMT. Locations are shown on Figure 1.

Stop #1:

1-A. Lime-mudstone (micrite), (San Andres). Gray to brown

on weathered surfaces, deep tan on fresh surface; calicci

: iand SOll -on weathered surfacer.wellelndurated, cut face ...

wcrossed by small viens of ca101te, no v151b1e gralns, no

bedding; may be recrystallized.

1-B. Wackestone (San Andres). Gray to tan on weathered
surfaces with some calicci, gray to on fresh surfaces;
calcite-filled cracks on cut face; weli indurated; skelatal
clasts and gragments compose >10% of rock; mud matrix
approx. 40% of rock, matrix-supported; fragments up to 3mm
long, elongated to subspherical, geranlly sub-to-well-

rounded; reacts vigorously with 10% HCL.

1-B-1. Quartz Wacke. Tan on weathered and fresh surfaces;

moderate to poorly indurated; fine grains visible at 10X;
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very fine sand; 30-75% fine matrix; some fossils and
gragments; gractures subparallel to bedding occur in
irreqular intervals; quartz, calcite; reacts vigorously with

HCL.

1-C. DLimestone? (San Andres). Gray on weathered and fresh
surfaces; calicci on weathered surfaces; well indurated;
highly fractured with calcite filling; reacts vigorously

with HCL.

Stop #2:

e ida anads) o LigHE qray on Vesthered
surfaces, light tan to gray on fresh surface, well

jndurated, some small fractures (<2mm) , filled with calcite

and mostly connected. Worked skeletal particles compose

approx. 30% of rock and are commonly elongate, up to 12mm X

15mm, subspherical; most fragments sub- to well- rounded;

not grain supported; reacts vigofously with HCL on fresh

surfaces.

2-2. Limestone (San Andres). Gray on weathered and freshly
broken surfaces, light gray on cut surfaces; fractures are
connected and commonly filled with calcite, fracture diamter

approx <2mm; many highly elongate (recrystalized?) grains up
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to 30 mm long.

Stop #3. (all in Yeso)

3-0. Quartz Wacke (Quartz rich siltstone/sandstone). Light
tan; moderately indurated; calcareous cement; finely
laminated; laminations are waxy and alternate in several
colors on a fine scale; broken surfaces react violently with
HCL;'fractures of <1lmm commonly paralell to laminations,
some perpendicular; most partially filled with calcite;

grainsize is fine to very fine; poorly sorted; angular to

subangular; :rock:consists of >15% matrix..

3-0-1. Quartz Wacke. Gray to reddish tan on weathered
surfaces, gray on fresh surfaces; well indurated, no
pedding; gquartz is dominant mineral; very angular to
subangular grains, poorly sorted; fine grained to medium
grained; no reaction to HCL on fresh surfaces;j light brown
mineral on freshly broken suxfaces (dolomite?); fractures

and solution cavities abundant.

3-1. Wackestone "breccia". Grayish white on weathered
surfaces, tan to gray on fresh surfaces; well induarted with
cavities up to > l.5cm max diameter; reacts vigorously with

HCL: most cavities not filed, some filled with bluish-white
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material that reacts less withy HCL than surrounding rock;
no preferential alignment of cavities;; very angular,
recrystalized (?) grains of calcite common up to 10 mm,
compose approx..BO% of rock, not grain supported; (are

cavities from dissolution of these grains?).

3-2a. Wackestone(?). Gray on weathered surfaces, darker
gray on fresh surfaces; moderately indurated; exterior
covered'with light gray clay-like material, also fond on
ibnte?ior:'many irregulary shaped cavities, some elongate
with a roughly parallel orientaiton. Fine gray clay-like
‘material partially fills many cavities..; this clay(?)
material reacts vigorously with hcl, creating new cavities;
rock is recrystalized (7) Caco3; streaked with brown

material (dolomite?).

3-2-1. Light gray, grainy, poorly-to well-indurated, well
indurated portions are matrix supported with fine grains;
fines react vioclently with HCL, expanding up to twice the
volume before collapsing, reacting to completion. Appears

to have some clastic grains.
3-2-2, Quartz Arenite

3-2-3. Quartz Arenite. Light to buff with light red on

weathered surfaces, buff to gray on cut surfaces; moderately
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indurated, calcareously cemented; angular to subrounded
grains; porrly sorted, v.f. sand; dominantly guartz; no
distinct bedding; cut faces shows blotches of light and dark

tan breccia.

3-3. Feldspathic Arenite. Orange-red on weathered and
fresh surfaces; moderately- to well-indurated; calcerous
cement; reacts moderately with HCL: very poorly sorted;
grains mostly angular; mineralogy includes mica (7).,
feldépar (?), and guartz, plus crystaline grains of clacite;

fine grained to very fine sand.

3-4. Quartz Arenite. Yellow buff to gray on weathered and
fresh surfaces; poorly indurated; reacts vigorously with
HCL; no bedding; grains subrounded to subangular, sorting
moderate, distinct quartz grains; fine to very fine sand

size particles.

3-5. Quartz Wacke. Tan +o brownish gray on weathered
surfaces, mostly gray on fresh surfaces; finely laminiated
(<imm thick), fractures easily along bedding; grains
subangular to subrounded; moderatley sorted; calcareous
cement; dominantly grainy calcite and quartz of fine sand to

coarse silt size.

3-6. Dolostone. Brownish gray on weathered, gray on fresh
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surfaces; well indurated; no reaction with HCL; large

Crystalline and fibrous grains,

3=7. Dolomitic Limestone. Brownish gray on weathered, gray

on fresh surfaces; reacts midly with HCL, no visible grains,

Stop #5:

5-1. Limestone (recrystalized?), (Yeso). Brown to orange
on Weathered surfaces, gray to orange on fresh surfaces;
thin laminatioﬁs up to .5 cm; very fine grained; massive;
moderately indurated; small solution cavities elongated;

strong reaction with HcL.

5-2. Brecciated Limestone (Yeso) . Gray on weathered

surfaces, gray to red on fresh surfaces; brecciated

gray, angular fragments of fine-grained calcite; very soft;

reacts Vigorously with 10% HCL.

5-3. Calcareous Mudstone (Yeso). Brown to tan on weathered
and fresh surfaces; wet ang friable; no visible grains at
40X; gritty feel indicates quartz; reacts Vigorously with

10% HcL, calcareously cemented,
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5-4. Calcareous Mudstone (Yeso). As above.

5-5. Carbonate Mudstone (Yeso) . Brownish-tan on weathered
surfaces, light tan to gray on fresh surfaces; well

indurated; no visible grains; reacts strongly with 10% HCL.

Stop #6:

6—Pa;1. Quartz Mudstone (Abo) . Marocn on weathered and
fresh surfaces; friable; composed dominantly of matrix <62u,
with some quartz grains up to sand size; qfains are sub
rounded to well rounded; peorly sorted; calcareously

cemented; reacts strongly with 10% HCl.

6-Pa—2. Quartz Mudstone (Abo) . As above.

¢-Pa-3. Mudstone (Abo). Maroon on weathered and fresh
surfaces; highly friable; dominantly matrix <62u with some
large (fine sand size) well rounded grains; reacts
vigorously with 10% HCL, calcareously cemented.

Stop #7:

7-1. Gypsum (Yeso). Brownish tan on weathered surfaces,
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white on fresh surfaces; matrix of small grains up to fine
sand, with scome larger crystals; very soft and poorly

indurated; no reaction with 10%HCl; very permeable;

7-2. Dolomite (Yeso). Greenish-gray to mauve on weathered
and fresh surfaces; finely laminated with interfingering of
greenish-gray with maroon ljaminations; very fine grained;

well indurated; minor fracfturing; slight reaction with 10%

HCl.
7-3. Dolomite (Yeso). As above
7-4. ? (Yeso). Mauve to yellow on weathered and fresh

surfaces; crumbly and very poorly indurated; subtle mottled
lamination with possible rip up clasts of yellowish
materials; vienlets of gypsum; reacts vigorously with 10%

HCL; gritty feel indicates quartz.
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APPENDIX II. FORTRAN PROGRAM FOR CALCULATING RELATIVE
P ROPORTIONS OF CLAY MINERALS IN PARTS PER TEN.

agaacanoaaaoa

10

This program calculatea the relative proportions of clay
minerals based on xray diffraction prak helghts. This method
ig George Austin's methed for semi-quantitative analysis of
clay minerals. The following peak heights above background
are used: on the initial (air—dried) yun: 12.4(K1), 17.8(12),
and 18.4 to 18.9(C3); on the slow run:-24.9(K2),and 25.1(C4):
on the glycol run: 5.2(M1),and 8.8(11qg); and on the heat
treated run: g8.8(I1lh). Austin's method of calculation
produces results in parts per ten, as follows:

Integer chlor
Character*50 sname

open(l, file = 'regults.dat', fileopt =~ 'eof',status = 101d')
write (1,10)'SAMPLE',‘ILL','MONT','CHLOR',‘MIX','KAOL'
format(aﬁ,20x,a3,2x,a4,2x,a5,2x,a3,2x,a4)

x=-0
Y=0
K1=0
12~0
C3~0
_K2~0
C4=0
M1=0
I11G-0
118=0
T=0

write(6,*) 'Enter the sample name.'
read*, sname
print*, 'Enter the counts for Ki.'

Read*, K1

Print#*,'Enter the counts for 12."'
Read*, 12 :
print#, 'Enter the counts for C3.'
Read*,C3

print*,'Enter the counts for K2.'
Read* K2

print*,'Enter the value for ca.'
Read*,C4 .
Print*,'Enter the value for M1t
Read* , M1

print#*,'Enter the value for I1G.'
read#*,I11G

print*, 'Enter the value for I1H.'
Read*, I1H

print*,'If chlorite is present, type 1, 1f no chlorite, type 0-'

Read*, X
if (X.eq.0) goto 1

1f chlorlite 1s present, then use

= TIH + {(C3*T1G)/12) + ((R2#+C3*11G)/(2.*CA*12))
Zka = (K2/(2.*C4))*(C3/12)*(11G/T)*10.
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20

Kaolin = NINT{Zka)
goto 2
1f no chlorite is present, then use

T =~ ILN + K1

7ka = (K1/T)*10.
zil = (11G/T) *10.
zmo = (Ml1/4)/T * 10.
Zeh = (C3/12)* (11G/T)*10.

Zmi~ (T1H-(I11G+(M1/4)))/T*10.
111ite = NINT{2il)
Mont =~ NINT{ZmoO)

Chlor = NINT(Zch)
Mixed = NINT(Zmi)
Kaolin = NINT(Zka)

print #*,'The sample name is: ',sname
Print#*,'Illite = ',111ite

print#*, ‘Montmorillonite = ', Mont
print#,'Chlorite = ', Chlor .
Print*, 'Mixed-layer clay minerals = ', Mixed
print*, 'Kaolinite = ', Kaolin

write(l,?O)sname,I]llte,Mont,Chlor,Mixed,Kaol1n
format(a20,6x,13,2x,i4,2x,iS,2x,13,2x,14)
write(l,*)

Print*;'Do you want to do more calculations? Type 1'
print*,'for yes and 2 for no.'
Read*,¥Y

‘If(Y.eq.l) goto 3

close(l)

stop

end
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Bv: FORMATIOMN (YESOD

HARME

r6-32 RAleck Sty Conp#l
te=-4q3 Sit3 Sk Cent

(h~-7) Red Fowder #3
(-8 Red Powder #1
(2-13 Lt. Grayg #1

(2y~-23 Powder 1500-10 #1
(2y—22 Pouder 1530-40 #2
C2y—=y Powder 1SE0-70 #2
(B-13 Broun #1

(2~1> Lt. Grag #3b

(8-1) khite #1

te-81 Black #1

(8—-43 Black #1

cE-4) Mx #2

(3-0) #3 Rk

r3d-0-13 #1 Ek

C3-12 #2 Rk

(z-z2—-11 #1 Ek

(3-2-213 #3 Rk

(3-2-31 Ek
£2-4) 3 Rk
(3-3) #2 Rk

(5-1) #1 Ek
(5-23 2 Rk
(5=-4) #1 Rk
r5-513 #1 Ek

HAME

U"-J'xl'\ltﬂm_&.hmmmﬁ‘-mLLLHLH'\ELFILLLCDLHLUCF-I:[.L‘I'_HUI\'.M—

n
oX

DDC‘QDDC'CIC'DDDDU?OCIDCTDDDI\J'—'CIGCIDCI

]
L
I

DODC‘T\JC‘MDMI\JDC"-“L\JDDNCH" MWORMOWAOROD

=
o
pris

'II‘JJ.‘.C’U)LGI'\JL'E‘I\JI‘JI\J'-‘I'JJ]'-JHHHLLU-'

CE~Fali—3Rk
(E~Faz)— 1Rk
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Lo DCIDD‘-‘DHDDHUJHDHmDDDHH'—‘HDHHI‘JHI‘JHDI—‘F

¢2-2~-33 #1 Rk 2

1

2

5

(3-vb #2 Kk &

3

2

2

3

(P-Zal #1 Rk =

a7 #HE Rk u 3

(r—+alr #Z2 Rk a =

AYERAGE : =1 O 1 2
STRMOARO DEVIATION: 1.413 0.949 1.314 1.217 0.g53
COEFFICIENT OF WARIATION: 0.272 3.67d (1.326 0. 530 1.06+
MIMIMUM: 3 ]} Q [n} 8]
MR<THMLIM: 8 5 El o 3

MUMBER 0OF OBSERVATIOMS: 21
BY: FORMATION CAECS
L SH CHL M KRAOL
(6~-Fal Powd 2E10-50 #1 = 1 2 2 1
(5~Pa) Black I000-I200 #1 3 o Ej 2 2
(6-Fa) Red 3000-3200 #1 =} jul u} 3 =]
(E—fPay Black 2200-3300 #2 = o 3 1 2
r6—FPal Red ZZO0-3300 #1 3 | 3 3 1
C2-Pal) Bed ZEO0O-Z2E90 35 < jal 2 = 1
(2-Fa) Black 29003000 #1 g u} 2 | 1
(2-Fa) Fod 23002000 #2 3 i e <4 1
1 a =1 n} 3
2 1 3 = 1
AVERAGE: 3 1 2 2 =
STHMORRD DEVMIATION: 1.077 0.322 o.ggd 1.114 Q. e
COEFFICIEWNT OF YARIATIONM: 0.237 1.844 0.3291 0. 4&4d 0. 500
MIMNIMUM: 1 ju} ] [} 1
MEIMLUM: 51 a 2 4 3
HUMBER OF DBSERVATIOMS: 1a
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APPENDIX IIIB. RESULTS OF SEMI-QUALITATIVE DATABASE SORTS.
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gvY: SITE C(HELL €3

NAME 1L SH CHL MM KA
(6~1> Red EX a e a 1 2
(6-23 Red Sitl 4 1 o 1 1
(5-2) Red Fowd #3 = 2 2 Cl 1
(6—~2) Gray S A < el = -1 1
AUERAGE : -4 S 2 3 - .o 1
STRANORRD DEVIATION: 1.0% - Q.42 O.43 ~ 0,83~ 13.43
COEFFICIENT OF “RARIATIOM: 0,255 0. 27 O. 157 B.217 =t
MIMIMIM: | 1 = : -1 1
MRS T MM S £ 2 | 1 2
HUMBER OF CBSERWVATIOMS: e
gyY: SITE CHWELL &)
MAME L S CHL M EROL
(R-53 Red 1 4 1 ! z 1
(B-5) Black 2 S finl ] 1 =]
(8-63 Red 1 | oo 0 =2 =
(3-73 Dk Gray 2 W 3 a 1
RUERRIGE : 4 . n O R I L2
STANDARD CEVIATIOM: 1,08 - 0.43 .1.30 i . 0.71° 1,30
CROEFFICIENT OF MARIATION: 0. =291 1,732 1.039 0. as4 n.577
MIMIMIIM: bl n| a 1 1
FAM MMz 5 1 3 3 e
MUMBER OF DESERWATIOMS: <
BY: SITE CWELL 20
MNAME L. S ZHL P KACL
2%) 1520-30 Fowd #2 - 13 3 2 1
(2Y) 1540-50 Powd #1 & £ | i 1
AYERMAIGE 2 5 . L W] R - S
STRMOARD DEVIATIOM: 1.00 0 0,00 p.pas - 0.sn T nL 0
CREFFICIEMT OF WARIATIONM: ju Bedu[n! - ERR o.0o0n - 0.333 0. 0o
MIMIMLIM: 4 | 3 1 1
MFE THLIM: & I =] 2 Tl
MUIMBER OF OBSERWATIONS: =
By: SITE ¢ROCK)
MNAME I =M ZHL P KR
€1-A2 Rk a3 8] 8] e 1
(1-C) Rk 2 1 2 el il
¢3-HCY Rk 4 1 = ] 1
oo FLIERABE 2 3 o1 T T IR 0.
STRNOARD DEWVIATION: 0. ez 0. 47 1.25 2,05 0. 47
COEFFICIENT F WRIRIATION: P T, FaP 0. 749 W 1.414
T HIMIM: z n | 2 ]
PAE TN 2 “ 1 ] 7 1

HUMEBER 10F OBSERMATIONS:

i
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B7Y: LITHOLOGY tMIKEDD

kKADL

MNAME ~ Ik =M CHL 4
(A—2) Red Fowd #3 = = o o 1
(E—32) Grag S 4 =2 3 -1 1
AVERRGE: = pe 3 -1 1
" STANDRRD DEVIARTIDM: 1.00 .00 .50 oL 30 0.aon
TOEFFICIENT OF WARIATIAM: 0. 200 0. 0o 0. z200 ~1.00a 0. ood
MIMIMLM: < 2 2 -1 1
rAE T MU =} 2 3 ju] 1
MUMBER QOF OBSERWAT IONS: 2
BYs: LITHOLOGY CQOUBRRTZY
MAME il SM CHL P KAOL
(=T Ek = 1 2 2 1
(8-5) Fed 1 & 1 2 b 1
(8-&2 Red 1 4 o u] 2 3
AYERFISE: < 1 1 e 2
STRMOARRDO DEVIATIOMN: .3 g.4ay g. 34 i3.00 .94
"OEFFICIENT OF YARIATION: [ uinin 0. 77 0. 7oy a.0co 0. S8
MIMIMIM: < (a] Q e 1
MEAMIMIM: < 1 2 2 =)
HUMBER 0OF OBRSERVATIONS: 3
BEYs LITHOLOGY rCALCITE?
NAME I =M CHL e RACL
(1-A)Y Rk .. 3 [w] a 7 i}
C1-C) Rk 2 1 3 < a
2y 1S20-30 Powd #2 < (] il 2 1
¢24%) 1S€0~50 Powd #1 ) I} a 1 1
RAVERRIGE: E [ 2 4 1
STAMOARD DEVIATIOMN: 1.4 g.4d32 1.30 2.29 0.z0
CHEFFICIENT OF MARIATION: .39 1.732 a.ov e 0.655 1.000
MIHIMUIM: 2 | [} 1 o
MAMI ML =3 1 | I 1
- NUMBER OF OBSERVATIONS: |
BY: LITHOLOGY CGYPSUM)
NAME L S CHL tMid KAOL.
(Ah-1) Red E3A | 2 3 1 -2
(6-2) Red S#1 ] 1 3 1 1
FYERAIGE: <4 2 ] 1 2
STRMNODARD DEVIATIOM: a.sa 0.50 D.oa .00 .51
COEEFICIEMNT OF MARIATICOH: 0. 143 0.332 G oo 0.oaa 0.333
MIMIMIIME a 1 A 01 a1
ME IHUM: = 2 3 1 R~
MUMEBER OF OBSERVATIOMNS: 2 .
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BEv: CHRRACTER CCLAYD

MAME I

L 5 EHL P KROL
r6-2) Fed S#l 4 1 2 1 1
(6—2) Fed Powd #32 | 2 = | 1
(8-5) Red 1 o 1 2 2 1
cE-57 Black 2 5 5] 0 1 4
(8~7) Dk Gray 2 n = 3 1
‘ AVERFIBE : 4 1 z 1 2
STAMOARD DEWIATIOM: 1.33 0. 75 1.10 1.02 1.20
COEFFICIENMT OF VARIATION:  O0.318 0. 925 0.548 0. 728 f. 7SO0
' MIMIMLIM: 2 i 0 a 1
MRS IMUM: & 2 3 a <
MUMEER OF OBSERMATIONS: 5

Gv: CHARACTER C(FOROLG
NAME IL 51 CHL M KADL
c2y) 1S20-30 Powd #2 4 i a 2 1
covy 154n-50 Poud #1 £ i 3 1 1
AVERABE: = a 3 2 1
STAMOARD OEYIATION: 1.00 0.0on 0. 00 .50 0. on
COEFFICIEMT DF WARTATIOM:  3.200 ERR 0. oo 0.333 0. 000
MIMIMUM: 4 n < 1 1
PR THLIH & 0 3 2 1

NUMEER OF OBSERWATIONS: 2
gv: CHRRACTER C(BATH)
NAMHE 1L SM EHL M AL
(6-1) Red EZ 3 o 3 1 2
(5-3) Gray 3 ' < 2 a -1 1
(2-6) Red 1 4 0 o 2 3
ALVERAGE : 4 1 2 1 2
STRNDARD DEWIATINM: 1. 47 R 1.41 1.25 0. 82
COEFFICIEMT OF WARIATION: — 0.12%3 [, Fo? Q. 7w 1.571 0. 40S
MIMIMLIM: 2 ! 0 -1 1
MAMIMLIH: 4 2 3 2 3
NUMBER OF DBSERVATIONS: 3
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EBY: FOWOER CPOWDERD

MAME

(2YD) 1520-30 Powd #2
caYY 1540-50 Powd #1
(h~2) Red Fowd #2

AVERABGE:

STANDARRD DEMIATION:
COEFFICIENT OF YARIATION
MIMHIMA:

MARIMUIM:

HUMEER 0OF COBSERVATIONS:

BY: POWDOER CZHIPY

HAME Ik =M CHL. M KAROL
(5-1> Red E3Z 3 2 2 1- 2
(6-27 Red Sil < 1 3 1 1
(5—3) Gray S 4 2 <! -1 1
(3-S5 Red 1 < i 2 =2 1
(3-5) Black 2~ =1 a ] 1 <1
(3-6) Red 1 < n} u] 2 3
(3-71 Dk Gray 2 na 3 = 1
AVERAGE: 4 ERC ¢ i epn B
STAMNDRED DEVIATION: n.8an 0.33 1.31 1.16 .12
CDEFFICIENMT OF VERIATICN: - 0.237 n.972 0.e55 G.203 D.eds
MIMIMIM: 2 u} o -1 1
. MEIMNM: 5 2 g 3 4
MUMBER OF OBSERWATIOMS: s

EY: PROBLEN (CORREMSITED
MAME 1L =R CHL M KROL
(3-KZ1 Rk | 1 2 =2 1
{E~-12 Red EZ c| 2 3 1 2
(5=21 Eed S5H#1 = 1 3 1 1
¢5-23 Red Poud #3 & = = ]} 1
(5~-3) Gray S 4 2 3 -1 i
(3-53 REed 1 = 1 = 2 1
(3-5) Black Z b= o 0 1 =
(B~&) Fed 1 - ] 3| 2 3
(8- Uk Grayg 2 8} 3a 3 1
AVERMAGE : L 1 .2
STARMDOARD OEMIATION: 1.05 “0.82 1.05
COEFFICIEMT OF VAHRIATION: 0. 2e4 0.816 a.632
MIMTITLIN: 2 ut 1
MAMIMUM: & 2 -

=l

MUMBER OF OBSERMATIONS:
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APPENDIX IIIC. RESULTS OF COMBINED DATABASE SORTS.
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BY: ZQHE ¢3 OR ZA3

MAME iL M CHL M KADL
¢56-2) Black Sty Comp#l 3 U z i i
€2-12 k. Grayg &1 4 a 2 1 1
{6-3) Gray o < = -
AVERAGE : 4 1 3 9 1
STENOARRDO DEVMIATION: D.471 0,943 ¢. 0o 0.943 . 00
COEFFICIENT OF VARIATION: 0.103 1.414 0.0 2,528 . oon
MINIMUM: A ] 3 -1 1
MAXIMUM: 5 2 2 1 1
MUMEER 0OF OBSERVATIONS: 3
Br: 20ME (5O
MAME L sM CHL P A0l
€8~1) Brown #1 3 w} u} 2 n}
¢S-1) Li. Gray #3b 4 a ] = 1
€3—-1) MWhite #1 | o] 3 2 1
AVERAGE ! 5 n] 2 2 1
STRMOARRD GEVIATION: 1,888 0.000 1.414 0. oco 0.471
CAEFFICIEMT OF WARIATION: g.3354 EFR 0. 707 0.000 a.707
MINIMUM: 4 0 a 2 0
MBS IMUM: g u] ] 2 1
MUMBER OF ODBSERVATIONS: a o
BY: TomE ¢6 OR ERY T
NAME IL. =M CHL M KAOL
€3-3) EBlack #1 B 8] 2 3 1
(E3-4) Black #i 5 a 2 2 1
(8—~4) Mx #Z2 7 u] u] 3 Q
‘ AVERAGE : 5 a ) 3 1
STAMOARD DEVWIATION: 1.247 0.000 1.247 Q. 471 .47l
CREFFICIEMT OF VHRIATION: g.234 ERR .74 0.177 0.707
MIMIMUM: e | a] ) s}
MEHIMUM: rd u] 2 3 1
MUMSER DF OBSERVATIONS: 3
BY: ZOME 7 OR 7E)
MNRME I sM CHL M4 ERoL
(B~7) Fsod Fowder #3 ] [n] 3 1 1
€3-5) Red 1 ] 1 = 2 1
{3-5) Black 2 5 0 o 1 e
{2-6) Red 1 < 0 n] = <]
(3-7) Ok Gray 2 g 3 3 1
AYVERAGE = a 2 z 2
STAMOARO DEVIATION: 1.095 0.400 1.356 0.743 1.265
COEFFICIENT OF VARIATIOM: 0.274 2,000 0.3<9 Q.415 0.£32
MIMIMUM: ) Q 0 1 1
MAXT MU 5 1 3 3 |
MUMBER OF CUBSERMATIOMS: 5
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By: CHRRACTER «FOROUS)

NAME

¢2~1> Lt. Gray #1

C2y—23 Powdsr 1S500-10 #1
(2y—22 Powder 1530—-<40 B2
(2y—23 Puowder 1S80~-7F0 #2
(8-3) Blanzk #1

(3—<) BElazk #1

€3-43 Mx #2

(2% 1520-30 Powd #2
¢2¥) 1540-50 Powd #1

RAVERAGE:

STAMDARD DEWVMIATION:
COEFFICIENT OF VARIATION:
MIMIMUM:

MAMIMLM:

HMUMBER OF QBSERVMATIOMS:

mAULRWNMWEH AT

coonoo=QO03X=

W o

a &

oo
nMoo~NGo

0]
ks

GwoworRNNO LT

0~
[
=] U]

wmomn

M

= R W) W W -

]

0.316
0.<03

e

RO
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BY: FORMATION (YESOI

MAME

(6-22 Black Sty Comp#l
(5-4) S#3 Str Cent
(E&-7) Rad Powder #3
(5~83 Rod Paowder #1
(2-12 Lt., Gray #1
(2y—21 Powder 1500-10 #1
(2y—22 Powder 1530-40 p:e]
(2y—271 Powder 1550-70 #2
(2-13 Brown #1 :
(3-13 L&, Gray #3b
(3~1> Hhite #1

(23~3) Black #1

(S8-433 Black #1

(2-<2 Mx #2

¢3-33 #3 Rk

(3-0—-13 #1 Rk

2-11 #2 Rk

(3212 #1 Rk

(3-2-22 #3 Rk

(3-2~33 #1 Rk

(2-Z—33 Rk

(3-43 #3 Rk

(2-51 82 Rk

C3-Pby #2 Rk

(5—-13 #1 Rk

(I-23 #2 Bk

¢5-4) #1 Rk

(S-S5 #1 Rl

(7P~2al #1 Rk

(7-3al) #2 Rk

7-dal #2 Rk

(3-HC) Rk

C2%) 1520-30 Powd #2
C2Y) 15<40-50 Powd #1
(E-12 Red ES

(6-2) Rod S#l

(6~21 Fead Fowud ®2
(5-32 Gray 5

(2-%3 Red 1

(3-5) Black 2

(E-&3 Rasd 1

(3-7?) Ok Geray

NLLHLLU\LLDU\LJ‘-.U‘-"J'\.l":‘-JILﬂﬂl.ﬂ.hLG\ZHU‘nUiLdLJ‘.(ﬂU!“Jm_hLLCCIUIU.)U\LU)UIU‘-UII_

AYERABGE : =

STANDARD DEWIATIOM: 1.39%
COEFFICIEMNT CF WARIATION: d.23%9
MIMIMUM: 2

MESIMUM: g

MUMBER 0OF O8SERWVATIONS: 42

101

0.3%3
2.354

CJDD'—‘I\JNHI'JDDHCIDDDEIGDDDDDDEIClDUIDDC'DDDDI‘\JHDODC\DD3

CHL

(=
0 &
LOMDON

u.\Cin\.'IUJI'\.'iu.lLuu.\LL\I\JDDDDl\JDl\'IDI\JI\!C‘DHLUCIDI\)DMM\‘.DUJDI\JI\)CIl.gllJaLLthl.L‘

3

[\:II\J11(.13Ll:lml‘-:'m(.L"U'\UII‘J*‘NL“NLD(DLUNLUI‘JPJNHU.)N""“P"UJ"":‘C
~
I
=)
r

HLD.LHHHHI-JHH»—*DDDDHDHGDHNNDHNDDDH»*HHDHPI‘-JHMHDH

1

1

1

a

-1

2

1

2

3

2
1.361 0,951
0. 624 3.951
~1 a
] <



——— e . -

Bv: POWMDER (CHIP)

MAME

(6~-33 Black Sty Comp#l
(-4} S#3 Str Cont

(56~-Pal) Black 3000-3Z00 #1
(6=-Fa) Rod 30003200 #1
(6-Pa2 EBElack I200-3300 #2
(5-Pal Red 3200-3300 #1
(2-13 Lt. Gray #1

(2-Fa3’ REed 2300-2330 #3
(2-Pal EBlack 2900--3000 #1
(2~Pal Red 2900-3000 #2
(3-13 Brown #1

{8-1) Lt. Grag #3b

¢3-13 White #1

(3-33 Black #1

(Z~<4) Black #1

99— Mx #2

(6~-13) Rad EZ

(5-2) Red Si#l

(B6-3) Gray S

(R-5) RBed 1

£3-5) Black 2

(3-56) Fed 1

(83-7) DBk Gray

AVERRAGE:

STANDARRD DEMIATION:
COEFFICIENT OF VARIATIOM:
MINIMUM:

PR IMUM

MUMBER 0OF OBSERYRTIOMS:

*..l

]

TJ

I‘J.I'-UI.I.‘..E._BLO"JLHALLCDMLJ:-J:\!'.IJI;U'INUiLﬂF'

WoK DL

9]

DOCRRN-NODDODODODOQEDOGOGCOODX

MO
Moo= OQ

P Q
L]
[

0
T

WOONWLDLOROLRERWORNMROBLWDIWNOT

O

(11

1 |
wo LR

M KROL
1 1

3 Q

2 2

3 3

1 2

3 1

1 1

3 1

3 1

4 1

2 n

2 1

2 1

3 1

2 1

3 )

1 2

1 1

-1 1

2 1

1 4

2 3

3 1

2 1
1.0832 0.953
0. 530 d. 720
-1 0

4 4



APPENDIX IV. RESULTS OF MULTIPLE CRITERIA SORTS FOR
COMBINED DATABASE.
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BY: SITE & CHRRACTER (WELL. 2 % PERMD

MAME : I =1y CHL Mk KROL
(-1 Lbt. Gray #1 < o 3 1 1
(2y—=) Powder 1S20-10 #1 3] 0 1 z ped
(2y~23 Powder 1530-~-40 #2 3 1 2 =z 1
C2y-23 Paowder 1Se0-70 #2 =5 2 2 1 1
(293 1S20-30 Powd #2 = G 3 2 1
¢ZY¥y 1540-350 Powd &1 5 ] 3 1 1
AYERRAIGE: =] 1 2 e 1
STENDARD CEVMIRTION: 1.11 0O.76 1.07 D.PS  0.37
COEFF ICIEMT OF YARIATIOM:O.2E57 1.528 0,422 O.<4497 0.313
- MIRIMIIM: =3 O ul] 1 1
AT MM =) 2 = = z
NUMBER OF COBSERVATIONS: 5
Bv: SITE % CHARACTER C(HELL 2 & CLAYD
MAME IL. =M CHU M KAQL
¢t2-Pal Red 2200-2290 #3 4 o z 2 1
(3~Pal Black Z2900-3000 #1 < Q 2 2 b
(2-Pa3 Red 2900-3000 #2 =2 N 2 4 1
AVERRAIGE: < o 2 = 1
STENOARD DEVIATIOM: 0.47 0.00 Q.00 0.47 0.00
COEFFICIEMT OF WARIATIOM:O0.129 ERR 0,000 0O.141 0,000
Pl IMIM: 3 o 2 = 1
FEe- T < ul 2 < 1
NUMBER OF OBSERMAT IOMMG: 2
gve: SITE 8% ZOME C(HELL 2 % <=2
- NAME IL. M CHL M EACL
(2y-21 Powder 1500-10 #1 S W} o 2 2
(20-2) Pouder 1330-40 #2 3 1 2 o 1
(2y~23 Poudsr 15860-70 2 5 2 2 1 1
¢2¥y 1520-30 Powd #2 <4 o 3 2 1
¢2%) 1S40-50 Powd #1 & u] 3 1 1
RVERHSE: 5 1 2 2 1
STRNDARD DEVIATION: 1.17 Q.80 1.10 oOLES 0.4
DEFFICIEMT OF WARIATION:D.243 1.333 0.542 O.4918 D.333
MIMIMUM: 2 u] o 1 1
MEEIMUM =3 2 z =] 2
JUMBER -0F OBSERVATIONS: 5
By: SITE % 20ME (WELL 2 AND 1132
NAME IL M CHL MM KACOL
¢2—Fal Rad 2800--2390 45 « a 2 a i
(2=Pa) Black 29200-3000 #1 < o 2 2 1
(2—FPa) Red 290032000 #2 z ] 2 4 1

AVERMGE : u
STRNOARD DEVWIATION: Q. 4av .00 Q.o
ICIENT OF VARIRTION:CO. 124 F

MInIMM:

MEFIMUM:
NUMEER OF OBSERVATIOME:

SOEFF

Whipd 5k
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BrY: SITE % CHIP/POWDER (WELL 2 AMD POWDERD

HNAME IL SM CHL Mk KAOL
(2y—22 Poudsr 1500-10 %1 =3 [m} n} ped 2
[2y—~2Z) Pouwder 1530-40 #2 3 1 = z 1
(2y—23 Pouder 1580~-70 #2 = = 2 1 1
C2%D 1520-30 Powd #2 - u] = 2 1
(2%2 15490-50 Powd #1 = o 2 1 1
AVERAGE : 5 1 2 2 1
STANDARD DEWIATION: 1.17 O.ed 1,10 O.79 0.40
COEFFICIENT OF MARIATION:D.243 1.332 0.543 0.415 0.333
MIMIMUM: 3 [} u} 1 1
MASIMUM: =] 2 3 = 2
MUMBER OF OBSERVATIONS: 5
EvY: SITE & CHIP/POMWOER (WELL 2 AMD CHIFD
MNAME IL. =iyl CHL M MACDL
(2-13 Li. Gray #1 4 u] 3 1 1
Z-Pa) Red 2R00-2890 #5 < ] 2 = 1
(2-Pal Black 2900-3000 #1 - 8 2 =z 1
¢2-Pal Red 2900-Z000 #Z = u] 2 4 1
AVERAGE = 4 ] ped = 1
STAMDERD DEVIRTION: 0,493 0.CC 0.3 1.09 Q.00
COEFFICIENT OF WARIATION:O.115 ERR 0.192 .39 0.000
MIMIMUM: 3 w} =2 1 1
M ITMUM: ] a 3 = i
_ NUMBER 0OF QOBSERVATIONS: <
Ev: SITE % CHARACTER (MELL & & PERM3J
NANME IL SM CHL Mx  KROL
(E~-3 Elack #1- -1 u] z =2 1
(2-4) Black #1 < ] i = 1
(3-43 Mm H2 e ] u] 3 ul}
FVERHGE : =1 ] el =2 1
STANDSRD DEVIARTION: 1.25 Q.00 1.2 0.4y 0.4y
COEFFICIENT OF VARIARTION:O.234 ERR 0.74E O.177 0.707
MINIMUM: « q] 0 P 8]
PR I MM v o = =3 i
MUMEER CF OESERVATIONG: 3
BEY: SITE & CHARACTER CWELL B & CLAY?
MAME . IL =M CHL. M:< KAOL
(2~17 Brown #1 g - O u] = u}
(8—-1) Lt. Gray #Zb < o 3 = 1
(2-1) Hhite #1 4 n] = = 1
(2-5) Red 1 . < 1 2 z2 1
2-5) Black 2 S a a 1 -3
(B-7) Ok Gray 2 o 2 5 1
AYERAGE 2 5 0. = = 1
. STANDARRD DEVIATION: 1.80 O.=F 1.23a 0.58 1.23
CREFFICIENT OF VARIATION:O0.401 2.228 0.733 0.2829 0.9335
MIMIMUM: z g 8} 1 9]
MAS T MUM: ‘g 1 3 2 =
NUMBEF OF OSSERYATIONS: )
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BY: SITE & LITHOLOGY (WELL 2 % CALCITED

MAME I SM CHL M¥ o KROL
(2y=~2) Powder 15S00-10 #1 =) a n] 2 2
(ry-2) Powder 1520-40 #z 3 1 2 ] 1
2y 1S20~-30 Powd %2 ! u] 3 2 1
(YY) 154050 Powd £1 & o] c/ 1 1
AWVERHAGE: =) §] 2 2 1
STANDARD DEWMIATIDN: 1.30 0U.<43 1.22 0.71 0.43
FOEFFICIENT OF YWARIATION:O.272 1.732 0.612 0.354 0.346
MIMIMUM: 3 ] 0 1 1
MARIMUM: =) 1 = z =
MUMBER OF OBSERVATIONS: s
Ev: SITE & LITHOLOGY C(WELL 2 & QUARRTZD
NAME Il =M CHL MH EROL
t2-1) Lt. Gray #1 < ] = 1 1
(2-Fx3 Red Z300-2290 #5 < jul 2 =] 1
(E-Fay Red 2I300-2000 #2 I o 2 = 1
AVERRAGE: < u] 2 = 1
STENDOARRD DEVIATION: 0O.497 .00 .47 1.25 C0.00
COEFFICIENT OF VARIATION:O. 129 ERE 0.202 Oo<4e2 02000
MIMIMUM: 3 o 2 1 1
MRKIMIM: <4 o 3 4 1
NUMBER OF OBSERVATIONS: 3
EY: SITE & FORMATION CWELL 2 % YESDD
MAME L SM CHL. M KAOL
(2=-12 Lt. Grag #1 < o =2 1 1
(2u-23 Powder 1500-10 #1 =) o a 2 2
(2u~-2) Powder 1530-40 #2 = 1 2 < 1
(2g-27 Powder 1S50-70 #2 5 2 2 1 1
(2%) 1520-30 Powd &2 < ] ] 2 1
C2Ys 1540-50 Powd #H1 = u] 3 1 1
AWERAGE : S 1 2 2 1
STANDARO DEVIATIOM:  1.11 O.7& 1.07 D.¥5 0.37
~OEFFICIENT OF YARIATION:2.237 1.52% 0.493 0.49497 0.219
MIMItIUM: z u] o 1 1
MAR I ) z Ed 3 b
MUMBEFR: OF OBSERWATIONS: &
Ev:s SITE & FORMATION CMWELL 2 & ABOD
MAME IL M cHL M KAOL
(2-Fa) Red 23500-2390 #5 = o 2 = 1
(2-FPal) Black 2900-2000 #1 B u 2 3 1
¢2-Ps) Red 2900-3000 #2 © 3 0 2 4 1
AVERAGE: 4 a 2 = 1
STRMDARD DEMIATION: 0.47 g.00 0 0.00 0.47 0.00
COEFSICIENT OF VHRIATION: O, 122 ERR 0.000 0,141 00730
. MIMHTMUM: 3 o Cz 3 1
MAM I MUM: 4 o = 4 1
MUMZER OF OSSERVATIONS: 3
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BY: SITE ANDO CHARRACTER (WELL & & CLRAYD

MAME

L S CHL M EROL
(5~4) S#3 Str Cent 5 o 2 ] D
(E—Fal Powd ZB10-50 %1 3 1 2 2 1
(B—Pay Black 3000-3200 #1 z o 3 z 2
(E-FPar Red Z000-2200 81 5 o] a 3 2
(e—Fzr Elack 3200-3200 #2 < u} 3 1 2
(E~F=d Red S200-3200 #1 3 [} 3 = 1
(£~23 Fed S#1 B 1 a 1 1
15—=23 Red Fowd #3 =4 o = G 1
FLWERMBE @ El 1 ] z i
STANDRED DEVIRTION: 1.05 O.71 D.3?7 1.05 Q.25
COEFFICIENT OF VARIATION:O.Z25S 1.414 o.4930 0,562 O.E822
MIMIMOM: =] [} [m} o ]
! MAF I MMz B = 3 = 3
MUMEEFR 0OF OBSERWATIDNS: 3
gv: SITE BMO CHARACTER CWELL 6 & BOTH:
MRAME IL <M CHL M= KEROL
(E—3 Elack Sty Comp#l ) ] =] 1 1
(E~T 2 Fed Pouwder #3 o s} = 1 1
(E~51 Red Powder #1 = ] = 1 2
(a=—12 Ked E3 3 =2 3 1 2
LE—22 Gray oS - q ec] 2 -1 1
AYERAGE : | 1 3 1 1
STRNDARD DEVIARTIOMN: .23 0.9 0.97 Q.80 0.43
COEFFICIENT OF WARARIATIOM:O.224 1,225 00303 1.333 0.350
MINIMIM: 3 [} 2 -1 1
MEAHIMIM: =1 2 < 1 2
MUMEBER OF CUBSERVMATIONS: o
e SITE & LITHODLOGY CMELL & #% COLOMITEZ
NAME IL sM CHL MM KADL
CE~Z) Black Sty Comp#l 5 u] ] 1 1
LE~=33 SHE Sk Cent = o 2 3 |l
LE~Fa&? Black 3200-32Z200 #2 =3 a 3 b 2
AVERSGE : =] v} = by 1
STAMORRD DEVIRTION: 0. 47 g.o0 Q.49 o0.<e4 0.582
CORFFICIENT OF VARIATIOM:=O.101 EFR O.177 O.566 0O.E818
MIMIMIM: < u 2 1 ]
M T ML - 5 W] = -= 2
NUMBER OF OESERVARTIOMS: IC]
BY: SITE & LITHOLDGY (WELL & & MIMEDD?
MHAME IL sM CHL MM KAOL
=72 Red Fouder #Z g Q = 1 1
(E~-83 Fed Fowder #1 a o] 4 1 2
(E—2) Red Pouwd #3 £ z 2 & 1
CE-2) Gray S = o 3 -1 1
. RVERAGE : = 1 = [} 1
STHRHNORRD DEWIATION: 1.12 i1.000 0.71 g.sz2 (G.43
COEFFICIEMT OF WARIATIONW:O.Zz42 1.000 0.2%6 Z.32317 0.24385
FMIMNIMJM: a a 2 -1 1
MAFIMUr: B 2 ] 1 2
-

NUMBER OF OBSERVATIONG:
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gv: SITE & LITHClL.DG*r' CLELL & & QUARTZD

NHME Il St CHL M= KACOL
c—-Pal Elack °GDU—q 200 #1 2 ju} 3 pes 2
(E-Fal Red S000-3200 #1 5 ul ] 3 =]
(h-Fst Red I2Z0O0-Z300 #1 3 a 3 3 1
RWERRGE: ] a 2 = 2
- STRHOHRD DEWIATION: 0O.%4 o.oo 1.41 Q.47 o.s2
COEFFICIENT OF VARIRTION: n.257 ERR D.?D? p.177 0.403
MIMIMIM: = U] 2 1
ME- IMIJH' 3 O 3 3 3
NUHBEF OF UE"-E:F" ‘FlT 1anS 3
BY: JITE 2. ZUNE fNELL & & TUOME 102
NAEME IL sM CHL MX  KADL
(E~Fal3 Powd "BlCl— o #1 3 1 2 2 1
(e—Fe) Elack 3000-3200 #1 2 O 2 z 2
(E-Fal Fed 2000-3200 #1 =1 o u] 3 3
(e—FPan Elack S200-33200 2 < ju! 3 1 2
ta~Fa) Reod I200-3300 #1 3 |} 3 3 1
HWERABGE: = ju} 2 2 2
STHNDOARD DEWIATION: .0 0.40 1_-17’ p.v¥s 0.75
COEFFICIEMT OF WARIATIOM: Q.272 2.000 0.530 0.340 0.416
rF I IMUM: 3 O n b 1
MAIMUOM: 5 1 3 = 3
NUMBEFR OF OESERWRTIOMS: 5

Ev: SITE % FORMATION CWELL & & YESOD
NEME IL =M CHL Me  KROL
C(E-2y Elmchk Sty Compi#l b G 3 1 1
(E—g SEZ Str Cent = u] 2 = o
(E-73 Reed Powder ¥R = ] 3 1 1
(E-23 Fed Powder #1 2 u} <] 1 2
(e—12 Red EZ 3 z 3 1 2
(-2 Read SH#1 «q 1 = 1 1
(-2 Fed FPouwd ®3 B 2 2 €] 1
CE=~3] Grag S =] 2 = -1 i
AVERAGE: =] 1 2 1 1
STHNORRD DEMIATION: n.e3 a.9z n.&o 1.05 .60
COEFFICIENMT OF WRRIATIOM:O. o7 1,059 p.208 1,204 0.533
PIMIMUM: 3 u] 2 -1 n}
MAF IMJM: ‘B 2 < = 2

NUMEER 0OF OSSERVATIONS:
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BY: SITE & FORMATION CWELL & & ABEOY

NEME IL oM CHL My, KAOL
(o—Fa) Powd 2810-50 #1 e 1 2 2 1
rE—Fad BElack Soan-sz00 #1 3 o 2 2 2
(E-Psy Fed Z0D0-3200 51 S o o = 32
(p—Fa1 Elack 3200-3200 -3 4 o 3 1 ]
(he—Fad Reod S200-3200 %1 E o 3 = 1
AVERASE: = 1 3 1 1
cTENDERD DEWIATION: 1.00 O.84 0,92 1.15 0.74
COEFFICIENT OF YARIATION:N.245 1.33€ 0.Z=2 0.828 0.35323
MIMIMUME c o o -1 o
MA IMUM: & 2 4 3 3
MUMEER OF OBSERWATIOMEI: 13
gy SITE % POWDER CWELL € & POWDERD
NAME IL Sm CHL My KAOL
(-7 Fed Fowder #3 ] o 2 1 1
(g-5) Fed Powder #1 £ o 4 1 =
fE-Ps1 Powd 2810-50 #1 2 1 2 2 1
fE-2Y Fed Powd #3 = 2 2 o 1
AVERASE: 4 1 3 1 1
STHNDRRD DEWIRTION: 1.30 0O.82 0.82 0.?1 0.43
“ICIEMT OF VARIATION:G.20S 1.108 n.z0z 0,707 0.246
MIMIMUIM: 3 o = o 1
MARIMUM: & 2 4 2 2
TR OF UBSERWATIOMNS: -
gr¢: SITE % POMOER CWELL % & CHIFD
MAME L SM CHU Mx  EAOL
tz—as Blachk Sty Compi#l S o 2 1 1
CE—43 SRE Str Cent ] G 2 3 a
(h—Fal Black 2000-3200 #1 2 o = 2 2
Ce-Fm7 Red S000-3200 #1 =1 o o 3 2
(E—Pa) Black 3200-S%0U #2 4 o = 1 2
(h—Pa) Red SZ00-3300 #1 3 o 2 e 1
t6—12 Fed E2 3 2 ] 1 o=
(6—73 Fed 581 - 1 3 1 1
(5-2) Brag S 4 = & -1 1
RJERAGE 4 1 3 z 1
STENDARD DEMIATION: [0.82 .ET D.95 1.26 D.23
COEFFICIENT OF WARIATION:3.204 1.497 0,574 0,208 0.S575
MIMIMIG ) o 8! -1 n)
FIF I MIdM 5 2 3 ] 2
MUMBER OF COBSERWATIONS: 3
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BY: SITE & LITHOLOGY C(ROCK & MIXEDD

MAME IL sM  CHL My KAOL
(3-2-2> #3 Rk 3 o 1 s 0
(3-4> #5 Rk = o z 2 1
(P-dmd #2 Rk 5 o n 4 s
_ AVERAGE: 5 O 1 4 0
cTANDERD DEVIRTIOW: 1.25 0.0 g.g2 1.25 0.47
COEFFICIEMT OF WARIATION:D.257  ERRE 0.e16 0.340 1.414
MIMIMUM: 3 o a z 0

MR TMLIM = o 2 5 1

NUMBER OF OBSERVATIOMS:

pv: SITE B LITHOLOGY ¢ROCK & DOLOMITED

MWAME Il SM CcHL Me KAROL
(3-2-12 #1 Rk 4 O 3 2 1
(5=-2) #2 Rk 7 =} O a > 0
(7P-2=1 #1 Rk rd ] u} =] o
(P-22) #¥2 Rk 7 u] 0 = |
AYERHIBE: 7 N 1 3 jul
STAMDARD OEVIATION: 1.50 Q.00 1 an NS0 G.43
COEFFICIEMT OF YERIATION: O. 231 ERR 1.732 o.z200 1.732
MIMNIMOM: <4 0] 0 2 u]
gictp uiuigH 2 3 3 1
MUMBER OF OESERVATIONS: <
BEv: SITE & LITHOLDGEY (ROCK B QURRTED
NAME . 1L aM CHL M~  KROL
=2-03 ¥2 Rl 5 ju] 2 =
(3-Z-33 Rk & ) o 1 3
(S—-4) #1 Rk = a} 2 z 1
(e-Fa2)-1RkL el 1 3 = 1
cE-HCy Rk = 1 =z 2 1
AVERHRGE: e ju] 2 2 1
STHHDHED DEVIATIMNM: i.35 0.49 0.92 ©.75 0.938
COEFFICIENT OF VHEIHTIGH:D-EDE 1.225 0. 544 0.240 0.816
MINIMUM: 2 ju] n} 1 ju]
P I MUM: & 1 2 = 3
MNUMBER OF OESERVATIONG: 1

110



Bv: SITE & LITHOLOGY CMELL B & QUARRTZD

(5—4) #1 Rk
¢5-5) #1 Rk
(P-2al #1 Rk

C7~2ald 82 Rk
(7—<al #Z Fk

NAME . IL s CHL ¥ KBOL
tB-13 Lt. Grag #3b 4 o 3 z 1
(E-5) Red 1 o 1 = z 1
(B-£) Fed 1 | o 0 2 3
AL ERAGE 2 9 o 2 2 2
STEMODARO DEWIATION: 0.00 0.47 1.25 0.00 Q.34
COEFFICIENT OF VARIATION:D.000 1.414 0,746 0.0U0 0.558
MINIMUM: ] o ] z 1
MAXIMUM: 8| 1 ! z 3
MUMEER OF OBSERVATIONS: ]
BY: SITE & FORMATION C(ROCK & YESO)
MNFME 1 sMm  CHL AL
(3-0) ¥3 Rk 5 a] po
{3-0-12 #1 Bk | 5 5 0
(3-1) %2 Rk 4 o u]
(Z-2-13 #1 Rk 4 0 e
(2-2>-22 #3 Rk 3 a] 1
(2-2-37 #1 Rk 5 o (i}
{3 & ] i
0z o =
¢3 G 2
03 0 u
%= ’ o 2
o u|
o] 2
o] o
u] o
ul O
a] 0
1 =

CEZ-miy Rk

=L
RN Rd)] RO L b

n i If\‘.b.lL"fl\LL\I‘\)I\'ILIJ(.ﬁLl'II'\J'—'l\)LTI!\.\.LC\U.!:';C.

HDDDOHD'—'GDHU)!‘JOI-*U.\CID

AWERAGE: u] i 1
STHENOFRRD CEWIATIOMN: 1. 1.1% 1.05 1.45 Q.22
COEFFICIENT OF UARIATION: 0.2 z.4964 1,179 0.501 1.=70
MIMIMII: ] 8] jal o
M- T MM =} = 3 & 2
NUMBER 0OF OESERVATIONG: 12

ay: SITE o LITHOLOGY CROCK & CRLZITED
NAME , L M CHL M¥  KAROL
(2-12 £2 Rk . oo ] [w]} = 2
(2-2-3) #1 Rk’ . & o a 2 be
¢3-5) ¥Z Bk 3 O el 5 ]
(3-7Fbl #Z2 Fk = I ] & ]
£s—-1> #1 Rk ] i 2 = 1
(5-5> #1 Rk P ful o = a]
rE-Pa2l13-3ZRk 1 o = ul =
(1~ Rk = C u} T s}
1-C) Bl - 2 1 3 < 8]
B AWERFGEE: -~ 8] 1 « 1
) STRMORRD DEVIATION: 1,75 0.9 1.23 1.89 1.25
COEFFICIEMT OF VYERIATION: 0. 4953 2.151 1.152 0.5z6 1.2497
MIMIMUAM: 1 ju 5] a [n]
P E I LM e = 3 v 3

3

MUMBEFR OF UESEEWHTIUHS:
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EY: SITE & ZOME (WELL B & ZONE 53

MAME In =M CHL M% FADL
(E=1) Brown #1 8 o g o2 0
£2-13 Lt. Gray #3b < o 3 2 1
(E-12 HWhite #1 = ] 3 = 1
RWVERRAGE: 5 a 2 2 1
STEMDRRD DEVIATION: 1.89 0.00 1.41 0.00 Q.47
“DEFFICIENT OF WARTATION:O.Z54 ERR 0.707 0.000 Q.707
MIMIMUM: < c 1] Z u]
MAF IMLM: g8 o = 2 1
MUMBER 0OF UBSERVATIOME: 2
Bv: SITE & ZOME C(WELL 8 & ZONE &3
MEME IL sH cHL M KACL
L5—-32 Black #1 . = o 2 = 1
(5-<4) Elachk #1 5 C ] 2 1
(3—4) M= ¥Z v ] u| = o
AVERSAIGE: 5. c 2 £ 1
STRMDRERD DEVMIATION:  1.25 gLon 1.2% o.a? 0.4V
DEFFICIENT DOF WARIATION:D.234 ERF D.742 0,177 0,707
MIMIMUM: <4 O o 2 8
MAE IMLM e v [u} 3 2 1
MUMEER 0OF OBSERWATICONS: 2
gv: SITE & ZOHE CWELL & AMD Z0OME 23
NAME IL . &n CHL Me KROL
(2-5) Red 1 < 1 2 pe !
(2-5) Black 2 S a o 1 4
(E—-&2 Red 1 4 ) 0 z 3
(2-7) Ok Bray 2 0 2 3 1
AVERRAGE : « a 1 2 2
STEMORRD DEVIATION: 1.09 0.42 1. 20 0.F¥1 1.30
SDEEFICIEMT OF VARIATION:O.Z31 1,732 1.029 0.354 0577
MIMIMUM: 2 ul o 1 1
. MERIMUM: 5 1 = ] e
MUMBER OF OBSERVATIONZ: =
gy: SITE R LITHOLOGY CWELL & & O2LOMITES
NAME It SM CcHU M¥ KRADL
(E-13 Brouwn %1 2 o D z 0
¢5-%) Bleck #1 4 o 2 3 1
tE—4) Elachk #1 S ul =2 P 1
(3-5) Black =2 S u (8] 1 4
FVERHIGE : = &} 1 Pty 2
STAMORRD DEWIARTIONM: j.s0 .00 1.30 0 0.Vl 1.50
FOEFFICIENT OF WARIATION:O.27V3 ERR 1.029% 0.3%54 1.000
MIMIMIM: < u} 0 i G
. MR IMUM: - a 2 = 4
MUMSER OF OBSERYATIONMS: <
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———— i e e

EvY: FORMATION & LITHOLOGY

(YESD & DOLOMITED
NAME I SM  CHL M EAROL
(6—5) BElask Sty Comp#l = o 3 1 1
(E—4) S:% Str Cent = o 2 = 2
(H~123 Sroun 1 = ] 0 2 o
S-%23 BElock #1 - o 2 3 1
(P—4) Elack 21 = ] 3 2 1
LE—-Z—-12 #1 Rk < (%] 3 2 1
(E5-20 #Z Rk 3 g D z .
(7T—2a2 &1 Fk v u| ] 3 a
(T—2m) £2 Rk v o 0 3 0
2-5) Black 2 ] 5] o i 4
AVERAGE : & n] 1 pe. 1
STANDRRD DEWIATIGM: 1.47 O0.00 1.35 0.73 1.17
COEFSICIENT OF UARRIATION:O.252 EFR 1.035 0,320 1.453
MINIMUM: 4 ul o 1 0
MARIMUM: 2 o 3 ] =
NUMBER OF OESERWATIONS: 10
E¢: FORMSTION B LITHILOGY (YESD & QURRTZD
NAME 1L sM CHL M KROL
(=13 Lb. Brag ¥1 4 . 0 3 1 1
{m—=12 Lt. Gray £330 < Q 3 2 1
CE-0) £3 R 5 a 2 3 o
CR=D—2 0 5 0 n! 1 3
[S=-4) & S o 2 = 1
(ST = 1 2 2 1
LE-ED - 1 2 2 L
LEeE 4 ] 0 z 3
ARYERAGE : 5 o 2 2 1
STANDARD DEYIATION: Q.71 O.<3 1.09% 0.63 0.99
COEFEICIENT OF VARIATION:I. :S7? 1.732 0,823 0.320 0.722
MIMIMUM: < o Q 1 W/
MAYIMUM: 5 1 3 2 3
MUMSIER OF C2SERWVATIONS: 2
Bv: FORMATION & LITHOLOSY [YES0 & CALCITED
NSME il SM CHL Me KADL
(el Pouder 1500-10 £1 5 o] o = 2
¢z Powder 1830—<0 82 5 1 et 3 1
et 2 Rk : = 0 o 4 3
L3 #1 Rk 6 0 o/ z 2
e 2 Fk 2 a 2 = ja}
3 %2 Rk E W o & a}
4= 1 Rk o4 o 2 3 i
PE-S) 81 Pk T w in! 3 s
(2%3 1520-30 Powd &2 < u) 3 2 1
L2N) 1San-50 Powd $1 5 u] 2 1 i
RUERRAGE 2 = vl 1 =
STANDRRD DEYTIATION: 1.35 0D.307 1.25 1.45 0,24
COEFFICISHT OF WARIATIOM:O. 2T Z.000 1.041 Q.84 0.833
MTNIMUM: 3 o o 1 0
MEG MU 7 1 3 £ 3
NUMSER OF 02SERVATIONS: 10
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Ev: FORMATION &% LITHOLGGY ©YESQO & MIRKEDD
MEME It S CHL My KAOL
(5~7TY Fed Powdsr 33 3 Q 3 1 1
(£-297 Fed Powder =1 3 o 4 1 2
(2- -b Mx #Z s Q n 3 n]
(2=2—=22 $13 Rk 3 w} 1 =1 a
t3-47 23 Rk = m} 2 2 1
(T—=3ad #2 Rk 5 [x] 0 - o
¢h~23 Ped Powd 2T B 2 2 o 1
(6-2) Gray S = 2 2 -1 1
RUYERAGE : 3 1 =2 2 1
STANDARD DEVIARTION: 1.5 Q.87 1.35 1.90 Q.55
COEEFICIENT OF VIRIATION: J.282 1.732 0.727 1.012 0.832
MIMIMUMS: 3 a (n] -1 ju}
MASTMUIM: 7 - z2 El = 2
NUMEER DF DES:E"JHTIDN‘:- a8
By rDF‘l"IH"'IUN -8 LITH"!LOBY (YESD % G“P UMD
MEME L =M CHL My KARSL
¢3—1) White ¥1 = O 3 2 1
¢5—13 Rad E3 3 2 3 1 2
(5-2) Fed S51 d 1 2 1 1
AVERAGE: 4 1 3 i 1
STRNORRD DEVIRTIONM: O 47 0.8z Q.00 0.47 0. rd
CHEFFICIENT OF YARIATION:O0.129 0.216 p.0od 0.354 0,254
MIMNIMUM: El u] 3 1 1
rMAKIMUM: 4 2 3 2 2
MUMEBEFR OF Q9SERWVATIOM 3
Sihae JRMATION & THERPCTER (YESD & CLAYS
NHME v sM CHL MH KACL
(-3} S%3 Str Cent =1 ] 2 = 0
¢3—-12 Brouwn #1 =) e 0] 2 o
tE—-1) Lt. Gray #%b 4 Q 3 2 1
22-17 khito #1 <3 o 2 = 1
(-2 Red S£1 e 1 3 1 1
£5-27 Red FPowd ®3 5 2 2 a 1
CE-501 Red 1 B 1 2 2 1
(3-=0 Black 2 =1 a [m] 1 <
(2-7) DOk Bray e o 3 = 1
AVERAGE: 3 a 2 2 i
STANDARD DEVIATION: 1.55 .68 1.15 N.s2 1.10
COEFFICIENT OF VARIATION:D.225 1.541 n.sSyY? 0.515 0.920
MIMIMUM: =2 o J a Q
MACIMIUIM: 3 2 3 a 4
NUMBER OF UBSERMATIONS: 3
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B'Y: FCORMATION & CHHEHFTEE EYE:O & PERMERBLED

NAME . IL M CHL MK EROL
t2-13 Lt. Gray #1 < =] 3 1 1
(Zyu—~2) Pouder 1503-13 #1 [ ] 8] e 2
(2y—20 Powder 153040 82 3 1 2 = 1
(2g—27 Fowder 1S80-70 %2 =] 2 z 1 1
(3-3) Black #1 < ] 2 = 1
(2-4d3 Black #1 S a 3 2 1
(3—33 Mx #2 v v] n K] o
o0y 1520-30 Powd ®2 =] ] 2 z 1
C2%) 1S40-50 Powd £1 5 u} 3 1 1
AUERAIBE: S al 2 2 1
‘ STENDARD DELIATIEM: 1.20 Q.67 1.15 1.82 0.47
COEFFICIENT OF VARIATION:D, 245 2.000 5.377 0.408 0,471
MIMIMUM: 2 ] o 1 a
MAX IHUH. v 2 3 2 2
NUMBER OF UBSERWATIONS 3
B FDEMHTIDN = CHARACTER (YESD % BOTH>
NAME IL SM CHL My KAOL
(E—2) Black Siy Comp#l b a 3 1 1
LE6—73 FRed Powder 8#3 5 o 3 1 1
¢5—E87 Fod Fowdsr I 3 a] -1 1 2
(5—1) Red E= c] 2 32 1 2
(A—33 Gray S = = 3 -1 1
(2—€3 Red 1 < ul o 2 3
HUERHISE E 1 I 1 2
STRNDRRD OEYIRTION: 0.22 0.54 1.25 .9G 0.75
COEFFICIENT OF WBRIATION:g.=zod4 1.414 0.488 1,077 0.447
MINIMLIM: 3 u] 8} -1 1
MA- IMUM: =1 2 ] 2 3
NUMEBEFR OF QBSERVATIINE: =]
Bv: FOPMATION & Z0OME (YESO & ZONE 3D
MRME I =y | CHL Me KAOL
(5—2) Elack =ty Comp#l 5 a ] b 1
(2-13 Lt., Grag #1 < v] 3 1 1
(E-20 Grag S < 2 3 -1 1
RVERSGE:: ! 1 3 o 1
STRNORED DEYIARTIAM: Q.47 0,94 0.80 .54 s
CU:F:ICIENT OF VARIATION:O.1Q3 1.414 D.DDD .82 0.00Q
MIMIMIM: E | o} =1 1
MA HI."!UM' 5 2 '3 1 1
c]

NUMEER OF DOBSERYATIONS
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NAME IL SM CHL Me kKROL
(A—7) Red Powder 13 =1 a 3 1 1
C5=2) Fed Pouwuder #1 E} w} 4 1 2
(3y—-Z22 Powder 1500-13 #1 5 a 0 2 2
¢2Q-23 Powder 1530-40 #2 2 1 2 ] 1
(R2y—22 Puowdsr 1550-70 #2 b 2 2 1 1
(29 1S20-30 Powd B2 < a 3 e 1
¢ 1Sa0-50 Powd @1 = C 3 1 1
(5=-23 Pad Powd %3 =) 2 2 a 1
ALMEPRGE : ERR ERR ERR EFR ERR
STRNDOARRD DEVIATION: ERR ERR ERR EER ERR
COEFFICIENT OF VARIATION: ERR EFRR ERR ERE ERR
MINIMIM: ERR ERR ERR ERFK ERR
MAXIMJIM: ERR ERR ERR ERR ERS
NUMSER OF OBSERYRTIONS: Q )

gv: FORMATION & CHIP (YESD:
NREME IL sm CHL. Me  KAOL
(6-2) Black Sty Comp3*l 5 U] 2 1 1
¢a—<) SE3 Str Cent = x| 2 3 o
(2~123 Li. Gray 1 < n] 2 1 1
(3—13% Brown #1 =] a [0 ] 2 n}
(3-13 Lt. Gray ®3b “ 5] 32 2 1
(3—-12 Wmhins $1 =2 =} 3 2 1
(5=2) Black #1 < O 2 = 1
(8—<=y Blachk #1 = 8] 3 z 1
(3—<4) It B2 ke a [n] = Q
(n—1) Rad E3 3 2 3 1 2
(£~22 Rad S¥1 = 1 3 1 1
(6—32) Grayg S < 2 3 -1 1
£3-33 Red 1 - 1 = z 1
(3-53 BElasck 2 =1 U =] 1 B
f2—-£3 Red 1 < g | z 3
(3-72) Ok Bray 2 u] 3 3 1
AVERAISE: = a 2 ot 1
STARMOERD DEWIRTIOM: 1.7 oO.F0 1.25 1.02 1.01
CUEEEICIENT OF VARIATION:N.304 1.:3SE 0.605 0.3589 0.854
MIMIMUM: 2 a a -1 ¥}
MAR IMUM: 3 = 3 3 <]

MUMEER OF COESERWATIOMS: &
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ev: FORMATION & LITHOLOGY £HA80 & QUARTID

NAME ' IL =M CHL Me  EROL
(S5—Fa> Elack 3000-3200 #1 3 u) 3 2 2
(E—-Pal Red 2000-2200 w1 5 ] Q a ]
LB~Fs3d Red IZ0O0-33C0 %1 3 Q 3 3 1
(Z2~Fa) Red ZB00-2230 =5 < o 2 3 1
(2—F=) Fed 2900-2000 32 3 g 2 < 1
CE—FaZli—1Rk 2 1 3 = 1
AVYERRIGE : 3 Q 2 = 2
STRNDRRD DEVIRTION: b u) i 1 1
COEFFICIENT OF WARIATION:N.283 Z.23€ 0.493 0,192 0.503
MIMIMUM: 2 (8 8] 2 1
MARIMUM: 5 1 3 < 3

NUUMEER OF CESERVATIONS: =]
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BY: FORMATION & CHIP (RBOD

NAME I
C5—~F=) Black 3CCO-3200 #1
C(S—Pal Red ZO20-32200 %1
(m—FPa3 Black IDC0-TI00 #2
(5—-Fal Reog Z200-32300 &1
(=—-Fa1 RPed 25002890 25
(2-Pa31 EBlack 2e0C-3000 &1
CO-E 31 Rod 2P00-2000 #2

wr
N

cQoXx

AVERAGE:

STAMORRD DEVIATIOM:
COEFFICIENT OF WARIATTION:3.13

MIMIMUM:

MAHIMIM:

MUMBER OF OBSERVATIOMS:

W Ln WA R LA
m
]
ooOMRNO Qoo

CHL

NMRNRWWOW

Q

1

A

4]
WOoON~N

=
W wnN X

[w]
v
w
[
Ar L= LW

K

D
[w]
g

Pl N

Q
]
A
L1f]
We b=

BYv: FORMATION & CHARACTER (RBJ & CLAY

HAME I
(5~Pa) Powd 281020 #1
(E5-Pa) Black 2005-3200 #1
t&-Fa) Fad 3I000-3200 =1
CE—Fa=1 Black 3I20D-3200 &2
¢i~Fa) Red 2200-32300 =1
(Z—-Pa) Rad Z300-2220 =S
(2=Fal Elack 2905-3000 ®1
(2=Fa) Red 2900-2000 B2

1]

e Lsuww
[ o w4

AYERRAIGE =

STANDARDO DEWVIATIOM:
COEFFICIENT OF VARIATION:O. 1

MIMIMLIM:

MA MM

MUMEBER OF OBSERVATIOMNS:

AN Y

R
g‘n
~OEBROD DOO

4]

o U1 w b

s

¥
€I

MRRDWOWNT

[m)

A

w
wode M

3

F AN DN GETRN 8 R

[m]

L)

[
o= (b0

o s s PR T

n.47

Wr

Bv: FORMATION % 20ME CAED & Z0ONE 100
MEME sM
(6—F=) Powd ZB10-30 #1
(8~FP.51 Black 3C023-3200 21
(5—F =2 Read 2000-2200 #1
C5—P23 Elack 3z05-23300 #2
(E~PaJ) Red 2D30-2200 *1
(2~Fa3 Red IAC0-Z290 =35
(2—Fa) Black 2SQ0-2000 #1
C2~P=z) Rad 2900-30300 32

]
WL bLtwLnwwr

AVERAGE:

STANDRRD DEVIRTIUON:
CDEFFICIENT OF VYARIATION:0.19

MIMIMUM:

MAM I MMz

NLMBER OF OSSERVATIOMS:

N
3;-
»DOMDO OOoODOOOCQOx

LR NI
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gy: LITHOLOGY & Z0OME CCELCITE & Z2DMNE 4%)

NAME L SH CHL
C2y—~27 Powder 1500—-10 #1 ) s) ]
¢2y—-2> Powder 1530-40 ¥2 3 1 =i
2% 152020 Poud &2 4 o 3
C2Y) 1540-50 Powd #1 & ] ]

AVERAGE:

STANDARD DEVIARTION:
COEFFICIENT OF WARIATION:0.27

MIMIMUM:

MASIMUM:

NUMSER OF OBSERVATIONS:

oy
=4
0]
=OoONOO
=
m
-

LOwwe—u
WO+ R

s

RN

(]
w
in
W =R

EACL

[N (V]

[m]

b

ta

A
N=-nor

Bvy: LITHOLDGY 8 ZONE (QUARTZ % ZONE 102

MAME L smM CHL.
(e~FPaY BElack 3000-3200 #1 2 ul 2
(E—Pav Red 3000-3200 %1 = G u}
(E~FPa) Red 3200-230C #1 3 O 2
(C—Pa) Red 2800-23%0 #5 = u} pat
AVERAGE: =] s] 2
STANDRRED DEVIRTIOM: 1 u} 1
COEFFICIENT OF VARIATION:O.2EZ ERR 0.543
Mt 3 s} 3]
MA TMM: 5 a 3

HUMSSF OF OESERVATIOMS: 5

=

wwwn o

O

I}

Pt
LN = =8

KAROL

[k )

0. S

0l O

BY: L ITHOLOGY & CHARACTER cCALCITE & PERMERBLED

o
-

) ZON L

o
w
W b 1)

.:IEi
o

[l ] r-.j [

jm}
o
5h
[NWS s N

MNEME IL =M CHL
CRy—22 FPowder 1500~10 £1 =) a 0
(2y—23 Powder 182040 82 3 1 2
¢2%3 1520-30 Powd RZ ! a el
¢2YY 1540-50 Powd #1 & o =
HWERAGE: 5 w} 2
STRNDOARD DEVIATION: 1 n} i
COESFICISHT OF VARIATION:O0.273 1.732 0.612
MINIMUME 3 a o
PR IMUM: =) 1 3

MUMSER OJF QSSERVATIONS: -3

By: LITHOLOGY & CHARACTER (ONLOMITE & CLAY:

NAME It SM CHL.
CE—<4) S#3 Str Cent S s} z
¢5—Ps) Black 3200-3300 #2 =4 ju] 3
(2-Pa) Black Z2200-3000 #1 L Q 2
(8—-1) Brouwn %1 8 u} v}
(3-S5 Black 2 S Q 8}
HUUERAGE : 5 o 1
3 STANDERD CEVIATION: 1 jal 1
;DEF:IEIEHT OF VARIATION:0.222 EER D.BSV
MIMIMUIM: | s} Q
MB=IMUNM: =] u] =1

NUMSEF OF CSSERVATIQNS: =1
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éY: LITHOLOGY & CHARACTER C(QUARTZ & CLAY

NAME - In M cHU My KACQL
(&—Pa) Elack 3000—-3200 #1 3 o 3 z 2
(E~Pa) Fed Z0I0~EZ200 #1 k=] O ju] =z 2
(6-Pal Fed 200-3300 #1 3 v} 3 = 1
(2-Pa) Red ZS0O0-2390 23 | w} 2 = 1
(2-Pa) Fed 2900-3000 #2 ] G 2 < 1
¢E-1) Lt. Gray ¥3b ] 1] 2 = 1
(8-S Eed 1 = 1 2 = 1
RAVERAGE: 4 a} 2 2 1
STANDARD DEVIMTION: 1 u] 1 1 1
COEFFICIENT OF VERPIATION: Q. 15838 2.-44% 0.482 g.258 B.510
MIRIMIM: 3 o 5] = 1
MAXIMIM: 5 1 2 < )
MUMEER OF DESERVATIONS: 7

EY: LITHOLOGY & CHEFACTER (MIKED % BOTHD
NAME Iu =M CHL Me HROL
(6—71 Red Powder 23 3 a} 2 1 1
{6—8) Red Powder #1 Ic] o < 1 el
CE=2) Grag 5 4 2 3 -1 1
AVERABGE: = 1 2 ] 1
STANDARD DEMIRTION: 1 1 o} 1 o
CREFFIGIENT OF VERIATION:D. 204 1.414 0.141 2.208 0D.254
MIFIMIM: 3 u 2 -1 1
MAIMIIM: b=} =2 | 1 =2

NUMBER OF OSSERVART IONS:
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E¢: CHARACTER & ZOHE CPERMEFAELE & Z20ONE <2

MAME 1L sM CHL Mx  KAOL
(2u-23 Powder 15S00-10 #1 5 o o 2 2
(221 Powder 1520-490 &2 = 1 2 3 1
(Zu-23 Poader 1560-70 &3 5 2 2 1 1
¢cowy {520~30 Powd $2 4 o 2 z 1
L2 15490~-50 Pensd 21 =] a 3 1 1
RVERAGE : 5 1 2 2 1
STENCORRD DEWIATION: 1 1 1 1 o
COEFFICIENT OF VARIATION:B.Z43 1.333 0.543 0.416 0.333
MIMIMUME 2 a o 1 1
MAMIMUM: = b 3 3 2

HUMBER OF OBSERWATIOHS: 5

Bv: CHARBCTER & ZO0NE CPERMEABLE % ZONE &332

MAME IL oM CHL MM KAOL
{3~-%2 Black #1 4 0 2 2 i
LS—a3 Elack #1 =1 nl = 2 1
(ZE—a) Mx Ko Id o [m] 2 g
AVERAGE: 3] o 2 2 1
STAMOARD DEMIATION: 1 n} 1 ] a
COEFFICIZSNT OF VARIRTION: 0.234 ERR 0.748 0.17r7 0.707
MIHIMIM: = ju] o 2 0
MASIMUUM: i a 3 z 1

MUPISER OF OESERWATIOMNS: 3

sv. CHARACTER & ZOME SCLAY & 20NE 10D

NAME I SM cHL M+ KAOL
CE=Fat Poud 2310-50 =1 3 1 2 z 1
rE~Pa) Black 2000-32010 &1 3 0 3 2 o
CE—Fa} Red IOI0O-3200 81 5 C o ] 4
cE~Pai Blask 3200-32300 2 < o = 1 2
CE—Pal Red 3200-2300 =1 3 u} 3 e 1
(Zefps) Red 2BO0-2290 83 4 8] 2 2 1
fo—F=2) Black 2S00-3000 #1 < ] 2 3 1
[o—-Pa) Red 2300-2000 WD 3 a 2 = 1
AVERRBE: 4 g 2 ] =2
STANOARD DEVIARTION: 1 Q 1 1 1
COEFFICIENT OF WARIATION:D. 1392 Z.646 0.4936 0,326 G.471
MINIMIM: 3 Q o 1 1
MEHEIMUM: =1 1 3 < z

NUMBER OF OBSERVATIONG: S

g¢: CHARACTER & ZONE CCLAY B ZONE 52

NAME L SM CHL M- KROL
(3-1) Broun #1 2 o a P o
¢E5-12 Lt. Grayg B3O = o 3 2 1
cE=-13 Whize #1 < ju} 3 2 1
AVERSGE: 5 8] 2 2 1
STANDSRD DEVIARTIOM: 2 . a 1 ] a
COEFFICIZNT OF VARIATION: 0.2354 EPR 0.707 Q.000 0.707
MInIMM: < a [} = 0
e I MU =3 G = o 1

MUMBCSR OF OESERVATIONS: 3
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gv: CH4IP & LITHOLOGY ¢OOLOMITED

MUMBER OF CQESERVATIONS:

122

MNAEME L SM CHL My KADL
¢5—2) Blask Sty CompHl =1 a 3 1 1
cE-4) SHI Str Cent 3 ju} 2 <] 5}
(5—Fal Black 3200-3300 #2 = [n} 3 1 2
(P—Pz) Black 290i1-30040 #1 i [} 2 = i
(g—1J Hrowun #1 a a im} 2 s}
(3-2) Black #1 < 8} 2 3 1
(g—-2) Black #1 S n} 3 = 1
(3-S5 Blask 2 5 ] [ 1 B}
AVERABE: 5 ju} 2 pr 1
STANDRRD DCEWVIATION: 1.22 0.0 1.17 0.87¥ 1.20
COEFFICIENT 0OF YERIATION: 0,245 ERR 0,622 0.433 3.95%
MINIMIM: <] 0 3 1 n}
. MARIMLM: 3 8] 2 = 4

MUMBER DOF OBSERYATIOMS: 3

gY: CHIP % LITHOLOGY COUARTZ?

NAME IL =M CHL My KAROL
(E~Pal Black 2000-3200 #1 2 ju} 3 2 2
(5—Fal Raod 3ID0-32C0 #1 5 0 Q i 3
(B6—Fal Red 3IZ00-3Z00 #1 2 o 3 = 1
£2—-1) Lt. Grag #i < n] 3 1 1
(2-Fal) Red 2E00—-2390 #S < O 2 = 1
(2-Pz1 Rad 2300-3200 #2 3 n] 2 - A i
(S—-1> Lt. Gray ¥3b 4 n| 3 2 1
(3-5) Red 1 4 1 2 2 1
£3~-5) EBed 1 < ] n} = 2
AWERAGE = e [m} 2 2 - 2
STREMORRD DEWIATIOM: D.53 0.1 1.15 .22 0.33
COEFFICIENT OF YERIATIOM: 0. 168 2.2zZ8 f.57F O.2«40 D.535
MIMIMUM: 3 a ! 1 1
MEH I MMz b= 1 3 < 3

MUMEBER OF OOSERVATIONS: 3

gv: CHIF %2 LITHOLOSY CEYPSUMD

NAME IL =M CHL b KROL
¢3~1) White ¥l < i} 3 = 1
¢5—1) Red E3 ] e 3 i 2
(&—-2) Red SH#1 < 1 = 1 1
AVERHGE: <4 i 2 1 1
STANDARD DEYTATIOM: g.47 .8z 0, .47 0.8y
COEFFICIENT OF VERTIATICM:1.12% Q.2816 0,000 0.354 i3.354
MIMIMUIM: 3 ) 3 1 1
MR TMUNM: « 2 3 e 2

3



BY: CHIP & CHARACTER C(CLAYY

NAME j 4 <M CHL M KROL
(5-4) S#3 St Cant S Q 2 3 n}
(E—Pa) Black 2000-32000 #1 2 O c] 2 2
CH~Pa) Rod 3000-3200 #1 =1 a 0 3 3
(E6—P=1 Black 22003300 #=2 < a 3 1 z2
(R—Fa) Red 3200-3300 #1 3 a 3 3 1
(2~Pa) Red 2E00—-2290 B3 <1 O 2 C] 1
(2—Fa) Black Z900-3000 #1 « o = 3 1
(2—-Fa) Red 2300-3000 B2 3 G 2 < i
(3~1) Braun #1 3 .o [u} 2 ju]
¢9—-13 Lt. Bray #2b - | 3 = 1
(8—11 White #1 <1 g 3 2 1
(E—2) Rad Sl < 1 2 1 1
(8-S Ead 1 =1 1 2 = 1
(3-5) Black 2 5 ] i3 1 <
(3-¥) Ok Gray 2 g 3 3 1
AVERAGE : b a 2 z 1
STARMNOARRD CEVIATION: 1.31 0O.34 J1zoouev 1.01
COEEFICIEMT OF YWARIATION:DJ.317 2.3550 0.544 g.27v2 0.738
MIMIMUM: 2 u} w} 1 a
MAMIMUIM: 2 1 3 L] <
MUMBER COF COESERWATIOMS: 15~
BY: CHIP &% CHARACTER C(PERMEABLED
NRME Iu =M CHL My EROL
(2-13 Lt. Grag #1 = o 3 1 1
(S—-3) Black #1 B = a 2 = 1
(8~4) Black #1 =1 n] 3 =2 1
(8-<)_Mx 32 7 a ] = n}
AVERRBGE : = W] 2 z 1
STANORRD CEMTIATIOHM: L2200 g.nn 1,22 0.2z .43
COEFFICIENT OF MVARIATIOMN:1J.245 ERE D,612 O.289 2.5V
MIMIMUIM: < [u} a 1 i3
MARIMLUM: v [n] ] = 1
MUMEER OF OBSERWATIUMS: B
BY: CHIF & CHARACTER (BATH2
MNAME I =M CHL My KROL
(&—32) Blaclk Sty Comp#l 5 a 3 1 1
(5—12 Rad E3 3 2 3 1 2
(65-2) Gray 3 4 2 3 -1 1
(B—£) Red 1 | 8 al = 3
e 1 2 1 2
STENDRRO DEVIATIOM: O.71  1.00 1.20 1.09 Q.23
COEEFICIENT OF YARIATIOM:O. 177 1.000 0.577 1.482 N.474
MIMTIMLM: 2 ] n} -1 i
MRRIMLM: a2 2 3 2 3
4

HUMEER OF ORSERWATIONS:
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BY: CHIP & ZOMNE CZOME 3]

MAME IL S ChL M KAROL
¢t6—3) Black Sty Comp#l ] n} 3 1 1
¢2-1> Lt. Gray #1 < 8] 3 1 1
5-3) Grayg S =1 2 3 -1 1
AVERAGE: < 1 2 a 1
sTARHODRRD CEWIATION: 0,47 ©.94 0.00 3.94 0. 00
COEFF TCIENT OF VERTATION:D.109 1,414 O.0n0 2,829 0.000
MIMIMUM: =<4 u] 2 -1 1
MAR MM 5 2 3 1 1
MUMZER OF 0E=SERMATIOMS: - 3
By: CHIP % ZOME (Z20ONE 3D
MAME IL SM CHL M KADL
(8—-13 Brown %1 3 Q u} 2 3
(g—-17 Lt. Grayg #3b < jul 3 2 1
(8—13 White ¥1 = 2 3 2 1
AYERRISE: 5 ] 2 2 1
STRMORRD DEMIATION:  1.337 p.oo  1.4i Q0.oo Q.47
COEFFICIENT OF YARIATION: 0,354 ERR 0.707 0.000 0,707
MIMIMUM: 4 O ( 2 0
MAXIMUM: | n] 3 pr 1
MUMBER 0OF OBSERVATIOMS: 3
Ev: CHIP % ZOME (20ONE X1
NRME M KROL
(3-3) Elack #1 I
(3—<) Black #1 2 1
(3-4) Mx #Z 3 a
AVERAGE: = 1
STRMOARD CEWIRTIOM: f.97  0.47
DEFFICIENT OF YARIATION: . 177 3.707
MIMIMAM: 2 o}
MARMIMUM: 3 1
MUMBER OF OesSERVATIONS:
Ev: CHIP & ZOME C(ZONE 7%
MAHE IL =M CHL M KIROL
(8-5) Red 1 5 1 2 2 1
(3~-5) Black 2 =] O a 1 3
(3-5) Red 1 < u ad 2 3
¢a—71 Ok Gray 2 a 2 E] 1
. ALVERMAGE = < ] 1 2 - 2
STANDARO DEWIATIOMN: 1.093 O.43 1.230 .71 1.30
COEFFICIENMT OF VARIATIOM:0.291 1.732 1.039 0.354 0.577
MIMNIMUIM: 2 u} n} 1 1
MAKIMUM: =1 1 3 = <1
MUMSER OF OBSERMATIONS: =]



3

BY: CHIP & ZONE C(Z0ONE 102

NAME IL 5M CHL Me o KROL
(5—-Pa) Black 3000-3200 #1 3 n 3 2 2
tE—Fal Red 3000-32C0 #1 s u] n] 3 3
¢5—Fa) Black 3000~3300 #2 < o 3 1 2
(E—Pal Eed 22003300 #1 3 a 2 K 1
(2~Pa) Rad 2200-2320 #5 < u| 2 3 1
C2—Pal lack 2000-~3000 #1 = n} = 3 1
(2-Pa) Rad 2900-3000 #2 3 o] el 4 1
AYERAIGE: | n! 2 3 2
STAMORRS DEWIATION: 0.70 0.00 0.393 o.ss  0.73
COEFFICIENT OF VARIATION:O. 133 ERP 0.<452 0.324 0,464
MIMIMUM: = a o 1 1
MAKT MM 5 u 3 el 3
MUMBER OF UBSERVWATIOMS: e
BY: POWDER & LITHOLOSY (MIKEDD
MNAME IL SM CHL MM KADL
(5~73 Red Powder #3 3 a 3 1 i
(6-83 Red Powder #1 c! u| < 1 2
C5—23 Rad Powd #3 5 2 2 u] 1
RYERAGE: S 1 32 1 1
STEMORRD CEWIAT IOM: 1 1 1 W 0
COEFFICIEMT OF WARIATION:Q.257 1.414 0.272 0.707 0.354
MIMIMUIM: a 0 2 a 1
MBERIMLUM: = 2 e 1 2
MUMBER 0OF OBRSERWYWATIOMS: 3
BY: PAOWOER & LITHOLOBY CCALCITED
NAME 1L SH CHL e KROL
(2y—-Z3 Pouder 1S00-10 #1 5 a i =2 2
(2y-23 Powuder 1330-40 #2 3 1 = 3 1
¢2%) 1S520-30 Powd #2 < 0 3 b 1
¢2Y) 1540-S0 Powd #1 & O a2 1 1
AVERAGE: 5 ] 2 2 1
STANDARD ODEWIATIOM: 1 Q 1 1 I8}
SOEFFICIENT OF VARIATIOM:D.2F3 1.732 N.612 0.354 0.345
MIMIMUM: 3 N 3 1 1
MAKIMUM: = 1 3 3 2
MUMSIER OF QBSERVATIONS: 4
Ev: POWDER % CHARACTER (FERMEARELED
NAME L SM CHL My KADL
(2y~2) Powder 1500-10 #1 [ o o 2 2
¢2u—-23 Powder 1530-40 #2 -3 1 2 3 1
(2y—2) Pouder 1560-70 #2 3 = 2 1 1
(29 1520-30 Powd #2 < v} 3 2 1
2%y 1540-50 Powd #1 [ ] 3 1 1
AVERAGE: 5 1 2 = 1
STANDARD DEVIATIOM: 1 1 1 1 (B}
COEFFICIEMT OF MARIATIOM:O.243 1.332 0.5<€92 O.4916 13.332
MIMNIMIM: 3 0 o 1 1
ME T MM & =] 3 3 2
NMUMBER OF OBSERWATIONS: 5

b
u

|...l



HNARME L 5 CcHL M KADL
(2y—2) Powdser 1500~-10 81 =) a] ] = 2
(2y—-27 FPowder 15320- -0 #2 =] 1 2 = 1
(2y—2) Powder 15&60-70 B2 =) ped 2 1 1
¢2v) 15z20-30 Powd B2 ) u} 3 = 1
¢3¢y 1540-50 Powd #1 5 | 2 1 1
AYERAGE: = 1 2 2 1
STARMHCRRD DEMIATION: 1 1 i 1 s}
COEFFICIENT OF WRRIATION: n.2432 1.332 0. Sag Q.41E D.3E3
MIMIMLIM: 32 a a 1 1
. PAM I MM =} 2 3 2 2
MUMBER OF O8SERMATIOMNS: =1

126



