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DISSERTATION 
CHEMICAL AND ISOTOPIC INVESTIGATION 

OF STRATIGRAPHIC AND TECTONIC DOLOMITES 
IN THE ARBUCKLE GROUP, ARBUCKLE MOUNTAINS, 

SOUTH CENTRAL OKLAHOMA

In the Arbuckle Mountains of south-central Oklahoma 
are excellent exposures of limestones and early diagenetic do
lomites of Early Ordovician age. In these units are found ir
regular bodies of late diagenetic dolomite associated with 
structures produced by a Late Pennsylvanian-Early Permian de
formation.

Samples of limestone, early diagenetic dolomite, 
late diagenetic dolomite, and vein dolomite which cuts across 
all other structure were analyzed for 10 trace elements in or
der to determine if chemical differences exist between the 
early diagenetic and late diagenetic dolomites. On the basis 
of the trace element analyses 20 samples were selected for 
carbon and oxygen isotopic analysis. . The resulting trace ele
ment and isotopic data were studied using standard statistical 
techniques and the multivariate linear discriminant function 
technique.

Four trace elements, Na, Li, Ni, and Cu, and the 
isotopic values 6 0^° and 6 were found to discriminate at 
a high level between~early diagenetic and the late diagenetic 
dolomite in the study area. A computer program was written 
for the IBM 1130 to utilize the functions generated by the 
linear discriminant function statistical technique to test un
assigned dolomite samples and place these into the correct do
lomite grouping.

The limestones and early diagenetic dolomites were 
similar in 0^® content with 6 0^® averages of -6.9 and -6.8 
respectively. This would indicate that the early diagenetic 
dolomitizing solutions were similar in isotopic composition to 
sea water. The late diagenetic dolomites were characterized 
by 6 0^® values higher than for the limestones and late diage
netic dolomites indicating that the late diagenetic dolomiti
zing solutions differed in isotopic composition from sea water.
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CHEMICAL AND ISOTOPIC INVESTIGATION OF STRATIGRAPHIC 
AND TECTONIC DOLOMITES IN THE ARBUCKLE GROUP,
ARBUCKLE MOUNTAINS, SOUTH-CENTRAL OKLAHOMA^

INTRODUCTION

General Statement 
In the Arbuckle Mountains of south-central 

Oklahoma (see figures 1 and 2) are many eiccellent expo
sures of carbonate rocks of the Arbuckle Group. * In the 
southern part of the Arbuckle Mountains, the upper 5,000 
feet of the Arbuckle Group is dominantly limestone of 
Early Ordovician age. The lower 1,500 feet consist of two

r ?

FIGURE 1. INDEX MAP OF OKLAHOMA SHOWING 
LOCATION OF ARBUCKLE MOUNTAINS (SOLID)
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OUTLINE MAP OF ARBUCKLE MOUNTAINS SHOWING PRINCIPAL OUTCROPS OF ORDOVICIAN

FORMATIONS OF ARBUCKLE GROUP 
Investigated areas of tectonic dolomites ore in Tistiomingo anticline and Arbuckle antic line of soufltern  
region where the formations ore thick ond ore composed chiefly of limestone (double-line ruling). In northern 
region the formotions are thinner and ore composed olmost exclusively of dolomite (thin-line ruling).

Stratigraphie dolomite units interspersed with two limestone 
units and are of Late Cambrian age (see figures 3 and 4.) 
Occurring within these limestone sequences are many irregular 
bodies of dolomite which originate at faults and fractures 
and exhibit cross-cutting relationships. The faults and frac
tures were formed during a period of deformation which began 
in Middle Pennsylvanian time and ended in Early Permian time 
(Ham et al., 1969, pp. 17-19.) These fault-controlled dolomite 
bodies have outcrop stratisraphic thicknesses of as much as
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1,000 feet along faults and grade abruptly into limestone 
at short distances away from these faults. Their outcrop 
dimensions reach as much as one square mile in area. In 
many places the faults and fractures to which the dolomite 
is related are filled with limonite which is inferred on 
the basis of pseudomorphic structures to have been origi
nally introduced as marcasite and pyrite.

In a previous study (Sargent, 1969), eight'of the 
localities where fault-controlled dolomite had been intro
duced were mapped and sampled for a petrologic study in an 
attempt to establish criteria for distinguishing between 
fault-controlled and stratigraphie dolomite. The samples 
obtained during this previous study were utilized in the pre
sent investigation to determine if chemical or isotopic 
differences exist between the fault-controlled and strati
graphie dolomite. Geologic maps of the aforementioned eight 
localities appear on the plate in the map pocket.

Through a discussion of the chemical and isotopic 
data obtained, criteria are established for distinguishing 
between the two dolomites. In addition, the chemical and 
isotopic data were analyzed by multivariate statistical 
techniques using an IBM 1130 computer. The results of the 
multivariate analyses are discussed and evaluated.

Previous Investigations 
Relatively little work has been published on the 

variations of trace-constituents between limestones and their 
stratigraphically and tectonically dolomitized equivalents.
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Weber (1964b) analyzed 300 "primary" and "secondary" dolo- 
stones and 150 dolomites for 20 trace emd minor elements and 
reported on their variations in these three main dolomite 
types. However, these samples did not represent related 
carbonate samples but instead were assembled from many di
verse localities. Atwood and Fry (1967) investigated the 
strontium and manganese variation between limestones and 
"coexisting" dolomites which included both stratigraphie 
and tectonic types. No distinction was made between stra
tigraphie and tectonic dolomite in reporting the analytical 
results.

Although much has been published on the carbon and 
oxygen stable isotopic ratios found in carbonates, most re
ports have not considered the differences between stratigra
phie and tectonic dolomites. Engel, Clayton, and Epstein 
(1958) studied variations in carbon and oxygen isotopic 
ratios between the Leadville limestone and its hydrother- 
mally dolomitized portions, but did not consider stratigra
phie dolomites. Degens and Epstein (1964) reported varia
tions in carbon and oxygen isotopic ratios between early 
diagenetic and epigenetic dolomites. Weber (1954a) reported 
on variations of the isotopic ratios as pertain to the pro
blem of primary vs secondary dolomitization. Although the 
above mentioned papers do not specifically treat the problem 
with which this investigation is concerned, they most close
ly approach the subject.
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Purpose of Investigation 
One objective of this study has been to establish 

valid compositional criteria for distinguishing epigenetic 
dolomite from stratigraphie dolomite in the area of study.
Trace element analyses of the samples followed by carbon and 
oxygen stable isotopic ratio analyses of certain of these 
samples have provided the data for study.

A second objective was to establish the reliability 
of each trace element and isotopic ratio in discriminating 
between the dolomite types in the study area. Computer aided 
multivariate statistical techniques and the standard Kolmogorov- 
Smirnov and F-distribution tests were used to analyze the chemi
cal and isotopic data.

Methods of Investigation 
For this study 130 samples of limestone, strati

graphie dolomite, tectonic dolomite, and vein dolomite were 
analyzed for 16 elements using a Perkin-Elmer 303 atomic 
absorption spectrophotometer. Of these 16 elements, 10 gave 
usable results.

The data resulting from these analyses were then 
studied by multivariate statistical techniques with the aid 
of an IBM 1130 computer with a 16 K core. On the basis of 
these statistical tests, 20 samples were selected for carbon 
and oxygen stable isotopic analysis. These 20 Scunples in
cluded nine tectonic dolomites, five stratigraphie dolomites, 
three tectonic vein dolomites, and three limestones. The 
analyses were performed by Geochron Laboratories, Inc., of 
Cambridge, Massachusetts.
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The results of the isotopic analyses and the most 

diagnostic of the trace-elements were then utilized for fur
ther multivariate statistical analysis. In addition, a com
puter program was written to utilize group discriminant' 
functions produced by the multivariate discriminant test to 
*:est indeterminate samples and place them in one of the pre
viously determined groups. This program is applicable to 
any discriminant testing problem.

Terminology
The following definitions are included in order to 

eliminate any possible confusion resulting from the author’s 
choice of terminology.
Epigenetic dolomite refers to dolomite occurring in ir

regular masses and is interpreted to have been formed 
by solutions traveling along faults and fractures 
into the rocks which it replaces'.

Fault-controlled dolomite is synonymous with epigenetic 
dolomite.

Ferroan dolomite refers to a dolomite in which no more 
than one-half of the magnesium is replaced by iron.
In this paper it is used as a descriptive term to 
designate a dolomite that is noticeably high in FeCOg 
content and has a brown weathering color. From a 
preliminary chemical study the limits of FeCOg con
tent appear to be between 2 and 13 percent.

Limonite is used in this paper to designate the undetermined 
brown hydrous iron oxide which occurs in faults and
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fractures and is inferred on the basis of pseudomor
phic structures to have originally been introduced as 
marcasite and pyrite.

Stratigraphie dolomite defines a dolomite occurring in 
bedded sequences of regional extent and having pre- 
tectonic stratigraphie characteristics such as stro- 
matolitic structures, fossils, and conformance to the 
local and regional structure.

Structure-controlled dolomite is synonymous with epigenetic 
dolomite.

Tectonic dolomite is synonymous with epigenetic dolomite.



DISCUSSION OF THE SAMPLE TYPES 

Introduction
Of the 130 samples analyzed in this investigation,

25 were limestones, 17 were straxigraphic dolomites, 59 Were 
tectonic dolomites, 24 were of uncertain origin, and 5 were 
tectonic vein dolomites. This section briefly discusses 
these sample groups. For a more complete discussion, see 
Sargent (1969).

Limestones
The limestones in general represent poorly fos- 

siliferous, shallow-water marine deposits with micritic 
calcarenites and intraclast bearing micrites predominating. 
Extensive recrystallization is not common, but where it does 
occur, it is generally as a recrystallization of fossils or as 
a partial recrystallization of the micrite matrix.

Minor silicification occurs locally, generally as a 
replacement of fossils or as very fine grains either dissemina
ted throughout the rock or along stromatolitic algal lamina
tions and worm burrowings. This silicification is pre-tectonic 
and therefore is unrelated to the tectonic dolomitization.

Dolomite grains are common and occur as small 
rhombs or irregular patches scattered throughout the rook. 
Locally, concectrations of rhombs along worm burrowings

10
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constitute as much as 50 percent of the rock. This dolomite is 
most likely the result of the diagenetic action of magnesium- 
rich pore water entrapped in the sediment. The magnesium is 
probably supplied by the transformation of the high-magnesium 
calcite of certain skeletal grains to low-magnesium calcite 
soon after burial. Therefore, this dolomite is unrelated to 
the tectonic stage of dolomitization. This source of magnesium 
could not have produced locally the thick stratigraphie dolo
mites or the large tectonic dolomite bodies.

Of the 25 limestone samples,-16 are limestones 
sampled along with their tectonically dolomitized equiva
lents. These limestone-dolomite pairs were sampled from the 
same bed as close together as possible. Therefore, a com
parison can be made between the limestone and dolomite com
positions to see which elements were added and which were 
removed during the dolomitization process.

These samples all of Lower Ordovician age come 
from the McKenzie Hill, Cool Creek, and Kindblade Formations 
of the Arbuckle Group. Three were sampled from the Arbuckle 
anticline while the remainder came from the Tishomingo 
anticline.

Stratigraphie Dolomites 
The stratigraphie dolomites are bedded sequences 

of dolomite rock of Lower Ordovician age which range from a 
few feet to several hundred feet in thickness. They are re
gional in extent and are everywhere conformable to the local 
and regional structure produced by a Late Pennsylvanian and 
Early Permian deformation. Most exhibit replacement features
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and consist of both fine-grained laminated dolomites and 
medium- to coarse-grained dolomites. They are pre-tectonic 
and are most likely the results of an early diagenetic re
placement of limestone shortly after deposition and before 

deep burial. These units transect limestone formations at a 
low rate and are most likely the results of an early diagenesis 
(Ham, 1351, p. 87). Their lack of pore space developed due to 
dolomitization suggests that dolomitization proceeded prior to 
lithification of the lime precursor.

The 17 samples represent three separate strati
graphie dolomite sequences. Twelve were sampled from the
Butterly Formation, a bedded sequence of dolomite ranging 
from 150 to 500 feet thick. Of these twelve, three are from 
the Arbuckle anticline, seven are from the Tishomingo anti
cline, and two are from along U. S. Highway 77, which is lo
cated approximately midway between the two anticlines.

Three of the samples were from the lowermost 30 
feet of the Cool Creek Formation in the Tishomingo anticline. 
This thirty-foot basal unit is a fine-grained, partly lami
nated dolomite that is present along the McKenzie Hill - 
Cool Creek contact for a distance of about nine miles. This 
basal stratigraphie dolomite unit i-s locally a part of a 
much thicker dolomite unit that is judged on the basis of 
the field evidence to be a tectonic dolomite.

The remaining two samples were taken from a thick
unit of stratigraphie dolomite occurring in the lower part
of the west Spring Creek Formation in the Tishomingo anti=
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dine. This unit ranges in thickness from 400 to 600 feet 
and extends along the outcrop for a distance of six miles.

These dolomites are nearly ideal in composition, 
having only a slight excess in CaCOg. Table 1 of Appendix A 
gives the calcium, magnesium, and ferrous iron content of 
four representative stratigraphie dolomites.

Tectonic Replacement Dolomite 
Tectonic or fault-controlled dolomite occurs 

chiefly as irregular bodies replacing limestone and to a 
lesser extent stratigraphie dolomite and is generally close
ly associated with faults and fractures in the host rock. 
These dolomite bodies are characterized by cross-cutting re
lationships and by irregular and locally abrupt lateral 
transition into limestone or stratigraphie dolomite away 
from the faults and fractures. Commonly this dolomite is 
restricted to the immediate vicinity of a fault thus appear
ing as a narrow elongate body cutting across limestone or 
stratigraphie dolomite beds.

Limonite is commonly associated with the tectonic 
dolomite and locally occurs as a long narrow body restricted 
to the vicinity of a fault or fracture. On the basis of 
pseudomorphic structures, it is inferred to have originally 
been deposited as marcasite and pyrite, most likely in 
brecciated zones and fissures produced by the faulting.
These deposits are small and scattered in the Tishomingo 
anticline area, but in the Arbuckle anticline area they are 
larger and locally abundant.
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Two distinct types of tectonic dolomite are pre
sent in the samples: a low-iron dolomite generally con
taining less than 1 mole percent of FeCOg and a ferroan 
dolomite containing from 2 to 13 mole percent FeCO^. The 
majority of the tectonic dolomite from the Arbuckle anti
cline area was ferroan. With only minor exceptions the 
tectonic dolomite of the Tishomingo anticline was low in 

iron content. The low-iron tectonic dolomites are nearly 
ideal in composition with only a slight excess of CaCOg.
The analyses for calcium, magnesium, and ferrous iron of 
three low-iron tectonic dolomites are included in Table 1 of 
Appendix A. The ferroan tectonic dolomite contains a slight 
excess of CaCOg with the Fe'̂'*’ substituting for the Mg ion 
in the carbonate structure. The calcium, magnesium, and 
ferrous iron content of four ferroan tectonic dolomites ap
pear in Table 1 of Appendix A.

In general, the tectonic dolomites have no parti
cularly unique features by which they may be distinguished 
petrographically from the stratigraphie dolomites. The only 
valid criteria found during the previous investigation 
(Sargent, 1969) for distinguishing between the two dolomite 
types were based on field evidence. These criteria are 
given below.

(1) Irregular and locally abrupt lateral tran
sitions into limestone and/or stratigraphie dolomite 
away from faults and fractures. This is an extreme
ly common feature in all localities investigated.

(2) The occurrence of dolomite on only one side 
of a fault or fracture whereas the corresponding
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limestone beds across the fault are undolomitized. 
This is an important point, for if the dolomite body 
was actually a stratigraphie unit, the corresponding 
beds across the fault would also consist of dolomite. 
Thus, a dolomite body occurring on only one side of 
a fault must represent the selective dolomitization 
of only those beds by solutions emanating from the 
fault. The cause of the restriction of dolomite to 
only one side of the fault might be a more intense 
fracturing on that side or possibly a drainage 
gradient within the limestone beds.

(3) Dolomite cutting at a high angle across 
the bedding of the enclosing limestones. This is 
one of the best and most often cited indications 
of fault-controlled dolomitization (Hewett, 1931; 
Green, 1954; Brokaw, 1950), and is common at all 
localities investigated for this report. Dolomi- 
tized reef structures would also cut across bedding 
at high angles but based on their structural con
figuration and fossil content, would be different 
from the surrounding normally bedded limestones.
The dolomite bodies mapped for this study are in no 
way related to the occurrence of reef structures.

(4) The occurrence of dolomite along the walls
of a single fault. This is a clear indication of
fault control because the dolomite must be the re
sult of solutions moving along the fault.

(5) The occurrence of coarse crystalline
dolomite in veins and cavities of brecciated rocks 
of tectonic origin represents a phase of dolomite 
formation occurring at the same time or soon after 
the brecciation.

(6) The absence of typical cave deposits such 
as dripstones, flowstones, or travertine-like ce
ment in tectonic dolomite or wall rock. If solution- 
collapse had occurred before the dolomitization of 
the limestone, some or all of the above features 
would have been preserved in the resulting dolomites.

(7) In the Arbuckle anticline area, the dolo
mites that can be shown from field relations to be 
of tectonic origin generally contain from 2 to 13 
percent ferrous carbonate, whereas the pre-tectonic 
dolomites of the same area are normal low-iron 
dolomites. Thus the occurrence of ferroan dolomite 
is locally an important supplemental feature of tec
tonic origin, although in the Tishomingo anticline no 
such distinction can be applied.
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Of the 59 samples of tectonic dolomite, 38 were 

from the Tishomingo anticline area and 21 from the Arbuckle 
anticline area. The Tishomingo anticline samples came from 
six irregular bodies of tectonic dolomite which were mapped 
in detail by Sargent (1969). Two of the six localities have 

stratigraphie dolomite associated with the tectonic dolo
mite. Except for five samples, all were low-iron dolomites.

The Arbuckle anticline samples came from two 
mapped bodies of tectonic dolomite of which one was direct
ly associated with stratigraphie dolomite. All of these 
samples were ferroan having from 2 to 13 percent FeCOg.
Along with five ferroan samples from the Tishomingo anti
cline area, they were placed into a separate grouping for 
the computer analyses of the chemical data.

Tectonic Vein Dolomites 
The five samples of vein dolomite were all found 

in the Tishomingo anticline area where they occur as vein- 
fillings of coarse-crystalline pink or white dolomite in 
brecciated tectonic dolomite. It is obviously post- 
brecciation and therefore is younger than the tectonic 
dolomite host. This dolomite may have resulted from the 
direct precipitation of dolomite from the solutions responsible 
for the tectonic dolomitization of the host limestone.

Indeterminate Dolomites 
Twenty-four samples that had some degree of doubt as

sociated with their origins were placed in a separate grouping.
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Although these samples were associated with tectonic dolomite 
bodies, they possessed either field relationships, such as lo
cal stratigraphie continuity, or textural characteristics, such 
as finely-grained and laminated textures, which are more typi
cal of stratigraphie dolomites. Of the 24 samples, one came 
from the Arbuckle anticline area and the remainder from three 
of the six mapped tectonic dolomite bodies of the Tishomingo 
anticline area.

Table 1. Stratigraphie units from which the samples were taken.

Formation
Strati
graphie 

Limestones Dolomites
Tectonic
Dolomites

Ferroan
Tectonic
Dolomites

Vein
Dolomites

Inde
terminate
Dolomites

West Spring Creek 2 - - - -
Kindblade 7 12 1 - 2
Cool Creek 12 3 13 3 5 21
McKenzie Hill 6 3 18 - 1
Butterly 12 _ 1»



METHODS OF CHEMICAL ANALYSIS

Sample Preparation 
Each sample was slabbed and trimmed to remove all 

external weathered material. The remaining fresh material 
was crushed and then milled in a Spex mixer-mill to produce 
a fine powder. The samples were dryed at 95® C for one hour 
and cooled in a dessicator before weighing.

Approximately one gram portions of the dryed sam
ples were weighed analytically and opened in 25 ml of 20% 
hydrochloric acid. After gentle heating on a hot plate for 
ten minutes, the solutions were filtered quantitatively.
The filtered residue was ashed, weighed and reported as in
soluble residue. The filtrate was collected in a 100 ml 
volumetric flask, diluted to volume and retained for chemi
cal analysis.

Major an^ Minor Element Analysis 
Selected representative samples were analyzed 

using titrimetric methods for calcium, magnesium, and fer
rous iron. The results are reported in Table 1 of Appendix 
A. Calcium and magnesium were determined using the proce
dure given on pages 12 and 13 of Hill, Waugh, Galle, and
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Runnels, 1961. The ferrous iron was determined using the 
method outlined in Furman (1962, p. 544).

Trace Element Analysis 
Using a Perkin-Elmer 30 3 atomic absorption spec

trophotometer, all samples were analyzed for the following 
carbonate-forming cations: Li, Na, K, Rb, Sr, Ba, Tl, Pb,
Mn, Fe, Co, Zn, and Cd; and in addition the following common
ly encountered elements: Or, Ni, and Cu. These elements
were chosen because they most commonly appear in reported 
chemical analyses of carbonate rocks (see Graf, 1960a, and 
Ostrom, 1957). Of these sixteen elements, Cd, Tl, Rb, Ba,
Co, and Or could not be detected due to calcium interferences. 
The limits of detectability for* these six elements with the 
methods used are given in Table 2. Analytical conditions for 
all elements are given in Table 3. The accuracy of the Na,
K ,  Sr, Mn, and Fe analyses was checked using the G. Frederick 
Smith Company standards 400 (dolomite) and 401 (limestone), 
and the NBS lA dolomite standard. The accuracy of the Li,
Ni, Pb, Zn, and Cu analyses was checked using a previously 
analysed sample. All elements were determined with precisions 
of ilO% or better. Additionally, a standard sample was used 
periodically during the analyses as a check against changing 
analytical conditions.
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Table 2. Limits of detectability based 
on standard solutions for the 
elements not detected.
Cd 50 ppm
Tl 50 ppm
Rb 20 ppm
Ba • 20 ppm
Co 20 ppm
Cr 20 ppm

Table 3. Analytical conditions. 
Element Analytical Line Fuel

air-acetyleneLi
NaK
Sr
Pbfto
Fe
Zn
N£
Cu
Kb
Ba
Tl
Co
Cr
Cd

3360 Â 
2955 
3831 
2309 
2823 
2795 
2480 
2132 
2311 
3241.5 
3903 
2774 
2761 
2400 
3587 
2280

Burner 
Boling three slot

NoO-acetylene
air-acetylene

n
n
n
n
n

Single slot 
Boling three slot n

Nitrous oxide burner 
.Boling three slot

n

Isotopic Analysis 
Twenty selected samples were analyzed for the sta

ble isotope ratios and The analyses were
performed by Geochron Laboratories, Inc., of Cambridge, 
Massachusetts. They report the precision of the mass spec
trometer method used as usually better than 0.02%. The 
results are reported in Table 7 of Appendix A.



STATISTICAL ANALYSIS OF THE CHEMICAL DATA

Introduction 
The chemical data were subjected to analysis by 

two well-known statistical techniques: the nonparametric
Kolmogorov-Smirnov method and the multivariate discriminant 
function. The former was used to test each variable in the 
multivariate groups while the latter was to establish group 
parameters and test each sample within the groups. Both 
methods are further explained in this section.

The Kolmogorov-Smirnov Statistic 
The Kolmogorov-Smirnov statistic is a nonparame- 

tric test in that it requires no knowledge of the distribu
tion function of the data. It can be used to test the null 
hypothesis that two populations have the same distribution.

First a frequency histogram is drawn for each 
group and then a cumulâtive-percentage histogram is plotted 
from the data in the frequency histogram. (See figures 5 
and 6.) The cumulative-percentage histograms for both groups 
are drawn on the same graph so they may be compared. The 
maximum vertical separation of the two histograms, dĵ , can 
then be measured directly from the graph. More simply, d^

21
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Figure 5. Frequency Histogram. 

Group I Group II

V3
s i

Some measured parameter
"Î 2 3 5 s r

Figure 6. Cumulative-percentage Histogram.

100

i l
o
0

Group I = Solid line 
Group II = Broken line

Same measured interval as 
in Figure 5.

can be obtained by subtracting the cumulative percent columns 
of the tabulated data. This value, d^, is then compared with 
the value either read from approximation charts such as 
those in Miller and Kahn, 1962, p. 468-469, or calculated by 
formulas such as those given in Dixon and Massey, 1951, 
p. 348. The larger the value for d^, the greater the confi
dence that the two groups have different distributions and
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are thus unique. The value for any given confidence 
level depends on the sizes of the two sample groups n% and 
n2. The parameter N is introduced to compensate for the 
groups sizes and is calculated from the equation

N = nin2/(ni+n2).

The approximation charts in Miller and Kahn are 
given in figures 7 and 8. The parameter N is plotted along 
the abscissa of these charts and the value is plotted on 
the ordinate. The two curves delineate the 95 and 99% con
fidence regions. For small values of N (i.-e., small group 
sizes), the value and correspondingly the value d^ must 
be greater than for larger values of N. Intuitively, the 
frequency histograms of groups containing small numbers of

UDOO

0920

0140

0760

0)60
0.99

02*0

K

Figure 7. Approximation Chart for Kolmogorov-Smirnov 
Distribution Function (N<30).
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00»
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00»

N

Figure 8. Approximation Chart for Kolmogorov-Smirnov 
Distribution Function (N>-30).

samples are more subject to variability due to changes in 
the class intervals along the abscissa.

Alternatively, the value of may be computed 
using the formulas given by Dixon and Massey and reproduced 
in Table 4. The formulas given are for the 80, 85, 90, 95, 
and 99% confidence regions. (See Table 5.) The values for 
the numerators in these formulae are taken from the asymp
totic Kolmogorov-Smirnov distribution table appearing in 
Table 6. The use of the formulae is more versatile and more 
accurate than the approximation charts. In Table 7 there is 
a comparison of selected calculated values with those taken 
from the approximation charts.
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Table U. Formulas for calculating *n •
(Taken from Dixon and Massey, 1951.)

Confidence region .80 .85 .90 .95 .99Formula for calculating 
Confidence Region

1.07
V¥"

1.14
vr

1.22
y r

1.36
yTT

1.63
v r

Table S. Values for N calculated using the 
formulas in Table 3.

Confidence level .80 .85 .90 .95 .99
N

10.6 .33 .35 .37 .42 .50
3.9 .54 .58 .62 .69 .83
3.2 .60 .64 .68 .76 .91
2.5 .68 .72 .77 .86 1.00
2.2 .72 .77 .82 .92 1.00

> P P P P P M P
J» 1.000 85 .792 .95 .327 1.25 .088 155 .018 145 402
.M .00» 88 .778 .98 .315 1.28 .084 1.58 .015 1.88 .002
Jfl .tn .87 .780 .97 .304 1.27 .079 1.57 .014 1.67 .002
M 40» 88 .744 48 .292 1.28 .075 1.58 .014 1.88 002
J» 408 .89 .728 .99 .281 1.29 .072 1.59 .013 1.89 402
M .897 .70 .711 1.00 .270 1.30 .088 1.80 .012 1.90 .001
.41 4 M .71 .895 1.01 .259 1.31 .085 1.81 .Oil 141 .001
.4* 498 .72 .678 1.02 .249 1.32 .081 1.82 .011 1.92 001
.43 .998 .73 .681 1.03 .239 1.33 .059 1.83 .010 143 .001
44 .090 .74 .844 1.04 .230 1.34 .055 1.84 .009 1.94 .001

.43 487 .75 .827 1.05 .220 1.35 .052 1.65 .009 1.95 .001

.43 484 .78 .810 1.08 .211 1.36 .049 1.88 .008 146 .001

.47 480 .77 .594 1.07 .202 1.37 .047 1.67 .008 1.97 .001.43 .075 .78 .577 1.08 .194 1.38 .044 1.88 .007 1.98 .001

.4» .070 .79 .580 1.09 .186 1.39 .042 1.69 .007 149 .001

.34 .084 .80 .544 1.10 .178 1.40 .040 1.70 .008 2.00 .001
a i .057 .81 .528 1.11 .170 1.41 .038 .1.71 .008 2.01 .00133 450 .82 .512 1.12 .183 1.42 .035 1.72 .005 2.02 .001.33 041 .83 .498 1.13 .155 1.43 .033 1.73 .005 2.03 .001
34 .033 .84 .481 1.14 .149 1.44 .032 1.74 .005 2.04 .000

.8S .85 .485 1.15 1.45 .030 1.75 .004
M .918 .88 .450 1.18 .138 1.48 .028 1.78 .004
.17 .901 .87 .435 1.17 .129 1.47 .027 1.77 .004
M .890 .88 .421 1.18 .123 1.48 .025 1.78 .004
M .877 .89 .407 1.19 .118 1.49 .024 1.79 .003
M .884 .90 .393 1.20 .112 1.50 .022 1.80 .003
41 .851 .91 .379 1.21 .107 1.51 .021 1.81 .003
M .837 .92 .368 1.22 .102 1.52 .020 1.82 .003
M .822 .93 .353 1.23 .097 1.53 .019 1.83 .002
M .807 94 .340 1.24 .092 1.54 .017 1.84 .001

Table 6. Asymptotic Kolmogorov-Smirnov Distributions.
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Table 7. Comparison of Si values calculated from 
the formulas with values taken from the 
approximation charts.

Confidence level .95 Confidence level .99
N Formula Chart N Formula Chart

10.6 .12 ..10 . 10.6 .50 .173.9 .69 .61 3.9 .83 .753.2 .76 .70 3.2 .91 .802.5 .86 .76 2.5 1.00 .852.2 .92 .77 2.2 1.00 .89

Multivariate Analysis 
Populations that are characterized by three or 

more variables may be compared through the use of multi
variate statistical methods. These methods enable the re
searcher to check for dependence between variables within 
a group, to eliminate extraneous variables, to evaluate 
similarities and differences between groups, to evaluate 
the "goodness" or fit of samples that are in a group, and 
to characterize groups so that new samples may be placed 
in the proper group. A brief explanation of the method 
utilized in the present investigation follows.

Discriminant Analysis 
The linear discriminant function is essentially 

a classification method that defines populations containing 
n variables in n-dimensional space. Just as one-variable 
systems occupy one-dimensional space (line) and two-variable 
systems occupy two-dimensional space (plane), n-variable 
systems occupy n-dimensional space (hyper^pace). Th?



27
multivariate discriminant analysis studies the dispersion 
of the points (i.g., sample values) in the n-dimensional 
cluster by constructing (n-1) hyperplanes to subdivide n- 
dimensional space in such a way that most effectively sepa
rates the populations. The hyperplanes are chosen so as to 
maximize the separation between groups while minimizing the 
dispersion of points within the groups. Discriminant func
tions for each group can then be calculated. Vectors are 
constructed from the discriminant planes to the group means 
and the common means. These vectors give rise to the dis
criminant coefficients, , for each variable in the dis
criminant function.

Previous studies (see Chayes and Velde, 1965; 
Mellon, 1964; Potter, Shimp, and Witter, 1963) utilized the 
two-group discriminant function of the form

D.F. = k^X^ + kgXg + ••• + kĵ Xjj. •

When the common means for all the variables of both groups 
are substituted into the equation, a number results that dis
criminates between the two groups. When the data for an un
assigned sample are substituted into the equation, the re
sulting number is either higher or lower than the mean value 
and is thus assigned to one or the other group.

The present study uses a multigroup program listed 
in the IBM Scientific Subroutine Package Programmer's Manual 
(see IBM, 1967). The only restriction on this program is 
that the number of groups cannot exceed the number of
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variables considered. In the two-group method, one discrim
inant function is calculated which discriminates into one or 
the other group. With a multigroup method, a discriminant 
function of the form

D.F.k^ = + kgXg + + kn%n

where C is a constant and = groups 1 to g, is calculated 
for each group. An unassigned sample can then be substi
tuted into each discriminant function and assigned to the 
group having the discriminant function that produces the 
highest value.

The discriminant analysis program utilizes the 
following three subroutines in sequence:

1. DMATX - to compute means of the variables in
each group and a pooled dispersion
matrix.

2. MINV - to invert the pooled dispersion matrix.
3. DISCR - to compute the common means of thë

variables, the discriminant coeffi
cients, evaluate the function for each 
sample, and calculate the probability 
associated with the largest function.

The probability associated with the largest discriminant
function is calculated from the equation

Pl
gE -(D.F.t - D.F.,)

k = 1 ^ L

where g = number of groups, k = group number from 1 to g, 
D.F.ĵ  = the value of the largest discriminant function, and
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L = the subscript of the largest discriminant function.
Thus the greater the difference between the largest discrim
inant function and all others, the higher the probability 
that the sample has been correctly assigned. With two groups 
the lowest probability (both functions producing the same 
number) would be 0.50000, with three groups 0.33333, and 
with four groups 0.25000. Table 8 gives the probabilities 
for a two-group discriminant. Table 9 gives probabilities 
for a three-group discriminant. The values for the largest 
discriminant function in this study vary approximately from 
5 to 30. Thus probabilities can be converted to percentages 
and used as a direct measure of the "goodness" or fit of a 
sample into it assigned group. The listing for this program 
is given in Appendix B. The language used is FORTRAN IV.

Table 8. Probabilities for the two-group 
discriminant function.

Difference between Probability associated
functions with largest function

0 .50000
0.005 .50125
0.01 .50250
0.05 .51249
0.1 .52498
0.5 .62246
1.0 .73106
2 .88079
3 .95257
4 .98201
5 .99331
6 .99753
7 .99909
8 .99366
9 .99988

10 .99995
11 .99998
12 .99999
13 .10000
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Table 9. Probabilities for the three-group 
discriminemt function.

Difference between largest Probability
function and the other two associated

functions with largest
function

(D.F.g-D.F. j^)

0 0 .33333
0.1 0.1 • .35591
o.s 0.5 .45186
1 1 .57612
2 2 .78699
3 3 .90944
4 4 .96466

. S S .98670
6 6 .99507
7 7 .99818
8 8 .99933
9 9 .99975

10 10 .99991

Discriminant Identification Program 
In order to utilize the data derived from the dis

criminant analysis, a program was written for the IBM 1130 
to evaluate ungrouped samples and assign them to one of the 
groups set up by the discriminant analysis. This program is 
called discriminant identification, code name DSCID, and is 
capable of handling any number of samples, groups, and vari
ables, subject only to the limitation of the particular com
puter utilized. As listed in Appendix B, it is dimensioned 
for up to 100 samples, 20 groups, and 25 variables.

The discriminant coefficients for each group un
der study are entered along with the sample data. The pro
gram calculates for each sample a discriminant function, 
D.F.ĵ , for each group involved from one to k groups. It 
then assigns each sample to the group whose discriminant
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function produced the highest value and computes the pro
bability for this assignment using the formula previously 
given on page 28. The program output lists for each sample 
the group assignment, the value of the largest discriminant 
function, and the probability for this assignment. The 
listing for this program is given in Appendix B. The lan
guage used is FORTRAN IV.



STATISTICAL EVALUATION OF THE ANALYTICAL RESULTS

Introduction
A total of 15 computer runs were made with the 

discriminant analysis program using various combinations 
of variables and sample groupings. Table 10 lists the 
runs and the sample groupings as they will be discussed 
here. In addition, eight computer runs were made with 
the discriminant identification program and are listed in 
Table 11.

Computer runs MDISC 1 through 9 and 14 through 
16 involved only trace element data while computer runs 
10 through 13 involved isotopic data as well. The discrim
inant identification programs, DSCID 1 through 8, involved 
only trace element data.

The frequency histograms and cumulative frequency 
plots used in the Kolmogorov-Smirnov test of all variables 
are reported in figures 1 through 3 of Appendix C. The 
results of this test appear in Tables 1 through 3 of 
Appendix C.

32
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Table 10. Discriminant analysis computer runs.

Run No. No. of variables Groups*
MDISC 1 10n 2 10

n 3 10
II 4 10
5 5 10
n 6 10
It 7 6
n 8 6
n 9 6
It 10 8
n 11 8
n 12 8
n 13 S
n 14 4
It 15 10
II 16 4

(17)» "(33)»
(17)» , ( 3 3 ) ’
(17)» ‘ ( 3 3 ) ’
(17)» 2(28)»
(17)» 2(33)
(17)» 2(28)
(17)» 2(28)»
( 1 7 ) ’ ‘ ( 2 8 ) ’
(17)» 2(28)
(5)» 2(5)
(5)» 2(9)  u
( 5 ) ’ , ( 5 ) ’ ^
( 5 ) ’ 2(18)
( 1 7 ) ’ 5(28)
(17)» 2(22)
(17)» 2(22)

^(24)' **(26)

ïiii .

(26)
'(24)

(4)

Sample groupings
Stratigraphie dolomites - Groups 1q 7) and l^gj
Tectonic dolomites - Groups 2^gg^, 2,^.^, 2^28)»

2(22)» 2(5), and Z^g)
(33) includes S vein dolomites

2(28) excludes the 5 vein dolomites
2(18) consists of 5 low-iron; 4 ferroan; and

10 unspecified tectonic dolomites analyzed 
by Gerald M. Friedman 

2(22) excludes 8 samples having bad group fit 
2,g. consists of 5 low-iron and 4 ferroan tec

tonic dolomites
Indeterminate dolomites - Group 3^2u)
Ferroan tectonic dolomites - Groups **(26) and *♦(!,)

* Numbers within parentheses indicate the number of 
samples in each group.
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Table 11. Discriminant identification program 
computer runs.

Discriminant function 
Run No. No. of variables ______from runs______
DSCID 1 10 MDISC 4

" 2  6 " 7
" 3  10 " 6
" 4 6 " 9I» 5 4 " 1 4
" 6  10 " I S
" 7  4 " 1 6
" 8  10 " 1 5

Evaluation of Trace Element Data 
Discriminant Analyses 

At first the discriminant program was used to
study all ten of the analyzed trace elements as variables.
In subsequent computer runs, certain elements were elimi
nated on the basis of their unreliability as shown by the 
Kolmogorov-Smirnov test, their standard deviations within 
the groups, and the values of their discriminant coefficients.

Computer runs MDISC 1, 2, and 8 were made in or
der to determine whether or not considering the indeterminate 
samples as a group along with the others would produce mean
ingful results. However, this arrangement proved to be of 
only limited use. In each of the runs, eight samples from 
the indeterminate group were assigned to one of the other 
groups. Of the eight samples, five were common to all the 
runs and were assigned to the same group by all three runs. 
These group assignments also agreed with those produced by 
the discriminant identification program. This information 
is reported in Table 12.
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Table 12. Group assignments of indeterminate samples 
from MDISC 1, 2, and 8.

Sample
Designation

MDISC
1 P(%)

MDISC
2 P(%)

MDISC
8 P(%)

Lowest possible P(%) 25

Final
Assignment

1 TA 1-5-3 4 99 T
2 TA 1-5-5 ?
3 TA 3-1-1 2 40 S
H TA 3-2-1 2 65 2 63 2 56 T
5 TA 3—6—1 2 63 2 73 2 73 T
6 TA 4-1-1 S
7 TA 4-2-1 S
8 TA 4-7-2 T
9 TA 4-7-3 T

10 TA 4-10-1 T
11 TA 4-10-lA 2 60 T
12 TA 4-11-1 T
13 TA 4-12-1 2 66 2 61 2 51 . T
14 TA 4-13-1 T
15 TA 4-14-1 ?
16 TA 4-15-1 1 44 1 38 ?
17 TA 4-16-1 2 62 2 68 2 54 T
18 TA 4-17-1 T
19 TA 4-19-1 1 45 1 50 1 43 S
20 TA 4-20-1 2 52 ?
21 TA 4-22-2 S
22 TA 4-24-2 2 42 T
23 TA 4-24-3 T
24 AA 2-17-1 1 80 1 94 . S

1 = Stratigraphie dolomite 
1 = Ferroan tectonic dolomite

T = Tectonic 
33 33 s = Stratigraphie

2 = Low-iron tectonic dolomite

Runs MDISC 3, 4, 5, and 6 were made to determine 
if the inclusion of the five vein dolomites with the tec
tonic dolomite group would affect the results. In runs 
MDISC 5 and 6 only the probabilities varied. In runs MDISC 
3 and 4, the only change other than changes in the probabi
lities was in the assignment of one sample in the ferroan 
tectonic dolomite group. With the vein dolomites included, 
sample number 5 was assigned to the stratigraphie dolomite 
group. With the veins excluded it was assigned to the low- 
iron tectonic dolomite group. Although this mixed assign
ment was a minor change, it was decided to exclude the vein
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dolomites from the low-iron tectonic dolomites for the re
mainder of the discriminant analyses. The vein dolomites 
•were formed by precipitation from solution rather than by 
replacement of a precursor limestone and thus truly constitute 
a separate group.

Furthermore, it was decided that since the ferroan 
tectonic dolomites constitute a relatively unique group both 
in this study and in the literature (see Sargent, 1969, 
p. 29), little could be gained by including this group in 
the remaining discriminant analyses that used only trace 
elements. It should be noted that in the majority of cases 
(see runs MDISC 3, 4, and 7, Tables 9, 5, and 8 of Appendix B) 
these samples were classified either in their own group or 
with the low-iron tectonic dolomites. They will become more 
important later in the discussion of the isotopic data.

The most useful statistical results came from runs 
MDISC 6, 9, 14, 15, and 16. The discriminant coefficients 
from these runs appear in Tables 13 and 14. MDISC 6 and 15 
involved the discrimination between the stratigraphie and 
low-iron tectonic dolomite groups using all ten trace ele
ments. MDISC 9 involved the same discrimination, but with 
four of the ten elements excluded. MDISC 14 and 16 likewise 
involved the same discrimination, but with only the four 
best discriminating elements.

Discriminations using Ten Variables
MDISC 6, using ten variables, produced good dis

crimination between the two dolomite groups. All 17 samples



Table 13. Evaluation of variables for MDISC 6, 9, and lU.

Pb Na h L Ni K Cu Sr Mn I s .
t
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0.31673

0.79
3.1

0.23570
1.526.0

0.00518
0.84
3.3

1.75606 
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0.06507
14.46
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-0.18 1.08373

3.38
19.1 (n% of DF

0.05181
8.79

38.5
0.37257

0.93 1.75482
11.53
50.5% of DF

1 = Stratigraphie dolomites
2 = Low-iron tectonic dolomites3 = Kolmogorov-Smirnov Test (N = 10.6)

k = discriminant coefficient 
P(%)= Probability

CO-j

0.06 0.19 0.50 0.40 0.69 0.24 0.69 0.21 0.21 0.223 p(Ç) 0 16 99 93 100 42 100 27 27 30



Table m . Evaluation of variables for MDISC 15 and 16.

Pb m Ma Li Ni K Cu Sr Mn Fe
’‘(17)s

1.00 0.12 222.24 0.24 0.94 206.18 3.12 26.65 176.24 1,231.24
4.12 0.49 51.15 0.44 1.43 143.95 0.93 17.02 191.61 1,000.58 a1 k 0.41136 -0.11160 0.07808 0.41261 -0.21821 0.00867 1.08108 0.04722 0.01824 -0.00125 gk X 0.41 -0.01 17. 35 0.10 -0.21 1.79 3. 37 1.26 3.22 -1.54 en
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7.04

14.3
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0.05677
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0.62303
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n

M
trt

d 0.06 0.21 0.55 0.41 0.76 0.24 0.85 0.23 0.18 0.15
3 p(?) 0 16 99 92 100 36 100 30 9 3

1 = Stratigraphie dolomites
2 = Low-iron tectonic dolomites
3 = Kolmogorov-Smirnov Test (N = 9.6)

k = discriminant coefficient 
P(%)s Probability
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of the stratigraphie dolomite group were assigned to that 
group with high probabilities. Only two probabilities were 
below 90% and the group average was 95.338% with a standard 
deviation of 4.714%. Of the 28 tectonic dolomite samples, 
three were assigned to the stratigraphie dolomite group.
For the remaining 25 samples assigned to the tectonic dolo
mite group, three were assigned probabilities lower than 
60%, while the remainder received probabilities of 80% or 
higher. The group average, excluding the three assigned to 
the stratigraphie dolomites, was 92.399%, with a standard 
deviation of 14.038%. If in addition the three samples re
ceiving probabilities below 60% are excluded, the group 
average becomes 97.265% with a standard deviation of 4.083%.

A run was then made with the above-mentioned six 
samples excluded. In this run, MDISC 15, all of the 17 
samples in the stratigraphie dolomite group were assigned 
to that group. The group average probability was 99.99% 
with a standard deviation of 0.025%. Of the 22 samples re
maining in the tectonic dolomite group, all were assigned 
to that group. The average probability for the group was 
99.789% with a standard deviation of 0.80 3%. These two 
groups were clearly differentiated by this run, with all 
samples fitting their group with a very high degree of con
fidence. However, the discrimination may be biased by the 
exclusion of the six samples as the tectonic dolomite group 
may no longer be as representative of all tectonic dolomites
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This possible bias is discussed further in the section 
Distinguishing Tectonic and Stratigraphie Dolomites.

Discriminations using Six Variables
MDISC 9, 14, and 16 were run after certain varia

bles were excluded in an attempt to increase the reliability 
of the discrimination. In MDISC 9, Pb, Zn, Mn, .and Fe were 
excluded on the basis of group means, overlap of standard 
deviations between groups, and percentage contribution of 
each variable to the discriminant function of each group.
(See Table 13.) Later, Kolmogorov-Sraimov tests of these 
variables confirmed that each discriminated at below the 
30% level of confidence. The discrimination and-probabili
ties of this run were comparable to those produced in run 
MDISC 6.

Discriminations using Four Variables
A Kolmogorov-Smirnov test of the 6 variables used 

in MDISC 9 indicated that while Ni and Cu discriminate at the 
100% confidence level, Na at the 99% level, and Li at the 93% 
level, K and Sr discriminate at below the 45% confidence lev
el. In two subsequent runs, MDISC 14 and 16, K and Sr were 
excluded, leaving only the four variables Na, Li, Ni, and Cu.

For MDISC 14 the tectonic dolomite group contain
ing 2 8 samples was used while the 22 sample group was used 
for MDISC 16. For both runs the average probabilities de
creased when only four variables were used. For MDISC 14 
these were 93.520% for the stratigraphie dolomites and
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89.992% for the tectonic dolomites, both approximately 2% 
lower than when six and ten variables were used.

Comparing MDISC 14 and 16, there were significant 
increases in probabilities when the six badly fitting sam
ples were excluded from the tectonic dolomite group. For 
MDISC 16 the average probabilities increased by 6% for the 
stratigraphie dolomites and by 3.5% for the tectonic 
dolomites.

Discriminant Identifications 
Eight computer runs were completed with the DSCID 

program using the discriminant functions from seven of the 
MDISC runs as listed in Table 11. DSCID 1 through 7 were 
used to test the 24 indeterminate dolomite samples, while 
DSCID 8 tested the five tectonic vein dolomites and the six 
samples excluded from the low-iron tectonic dolomites. The 
computer print-outs of these runs appear in Tables 19 through 
26 of Appendix B. The DSCID 1 through 7 group assignments 
and probabilities for the 24 indeterminate dolomites are 
summarized in Table 15 of the text. The results of DSCID 8 
appear in Table 16.

DSCID 1 used the ten variable discriminant func
tions from MDISC 4. DSCID 2 used the six variable dis
criminant functions from MDISC 7. Both MDISC 4 and 7 dis
criminated between three groups: the stratigraphie dolo
mites, the low-iron tectonic dolomites, and,the ferroan tec-' 
tonic dolomites. As has been discussed earlier, the fer
roan dolomites constitute a unique case. In addition, the



Table IS. Group Assignments for the Indeterminate Dolomite Group from 
the Discriminant Identification Runs.

Sample DSCID 1 DSCID 2 DSCID 3 DSCID 4 DSCID 5 DSCID 6 DSCID 7
Desig
nation 6r. PCfc) Gr. P(%) Gr. P(%) Gr- P(%) Gr. P(%) Gr. P(%) Gr. P(%)

Stibj . 
Assign.

Final
Assign

1 TA 1-5-3 4 100 2 96 2 100 2 100 2 99 2 . 100 2 100 2 T
2 TA 1-5-5 1 58 2 51 1 88 1 84 2 86 1 100 2 96 T
3 TA 3-1-1 1 95 1 90 1 85 1 80 2 50 1 93 1 82 1 ?
4 TA 3-2-1 2 99 2 94 2 98 2 98 2 99 2 100 2 100 2 T
5 TA 3-6-1 2 94 2 80 2 99 2 97 2 98 2 100 2 100 T
6 TA 4-1-1 1 100 1 100 1 100 1 100 1 76 1 100 1 99 S
7 TA 4-2-1 1 56 2 47 1 83 1 . 75 2 58 1 100 1 58 ?
8 TA 4-7-2 2 100 2 97 2 99 2 99 2 98 2 100 2 100 2 T
9 TA 4—7—3 2 100 2 99 2 99 2 100 2 99 2 100 2 100 2 T

10 TA 4-10-1 2 100 2 99 2 100 2 100 2 100 2 100 2 100 T
11 TA 4—10—1A 2 100 2 100 2 100 2 100 2 100 2 100 2 100 T
12 TA 4-11-1 2 95 2 85 2 92 2 91 2 95 2 89 2 99 T
13 TA 4-12-1 2 100 2 80 2 99 2 99 2 97 2 100 2 100 T
14 TA 4-13-1 2 100 2 95 2 96 2 98 2 95 2 100 2 99 T
15 TA 4-14-1 2 93 2 88 2 80 2 89 2 88 1 86 2 92 T
16 TA 4-15-1 1 88 1 86 1 63 1 61 2 61 1 82 1 55 ?
17 TA 4-16-1 2 100 2 99 2 100 2 100 2 100 2 100 2 100 T
18 TA 4-17-1 2 100 2 98 2 100 2 100 2 100 2 100 2 100 T
19 TA 4-19-1 2 51 4 91 1 82 1 81 1 90 1 100 1 99 2 S
20 TA 4-20-1 2 99 2 56 2 91 2 91 2 80 1 61 2 83 2 T
21 TA 4-22-2 1 77 4 69 1 96 1 95 1 90 1 100 1 99 2 S
22 TA 4-24-2 2 93 2 80 2 90 2 89 2 75 2 67 2 63 2 T
23 TA 4-24-3 2 98 2 91 2 98 2 95 2 71 2 100 2 58 2 T
24 AA 2-17-1 1 93 1 78 1 100 1 99 1 98 1 100 1 100 1 S

Lowest P(%) possible 33 33 50 50 50 50 50

4T
to

1 = Stratigraphie dolomite 2 = Low-iron Tectonic dolomite 4 3 Ferroan Tectonic dolomite
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Table 18. Results of DSCID 8,
Sample Group

Designation Assignment P(%)
1 TA 5-2-1 1 100
2 TA 5-5-1 1 99
3 TA 6-1-1 1 100
» TA 6-1-4 1 93
5 TA 7-1-1 1 97
6 TA 7-2-1 1 100
7 TA 1-1-lv 2 100
3 TA 3-4-lv 2 100
9 TA 4-1-lv 2 10010 TA 4-9-lv 2 100

11 TA 4-18-lv 2 100
Lowest possible probability SO

concentrations in that group of four of the trace elements 
are different from either the stratigraphie or the low-iron 
tectonic dolomites. The concentration trends of Zn, K, Cu, 
and Sr for the ferroan dolomites more closely resemble the 
low-iron tectonic dolomites, but those of Na, Li, and Ni 
more closely resemble the stratigraphie dolomites. Because 
of these considerations the results of DSCID 1 and 2 were 
not used when making the final group assignments. However, 
it is important to note that these two runs jointly agreed 
with 18 of the final group assignments for the 24 indetermi
nate dolomites.

DSCID 3, 4, and 5 used the ten, six, and four 
variable discriminant functions respectively from MDISC 6,
9, and 14. In all three MDISC runs, only the stratigraphie 
dolomites and the 2 8 sample low-iron tectonic dolomite groups 
were involved. The group assignments made by DSCID 3 and 4 
were identical, with very close correlation between the proba
bilities. On the other hand, DSCID 5 disagreed on five group 
assignments.
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DSCID 6 and 7 utilized the ten and four variable 
discriminant functions from MDISC 15 and 16 respectively.
In these two MDISC runs the tectonic dolomite group con
tained 22 samples. These two identification runs disagree 
on only three of the 24 indeterminate samples. In four 
"Other samples there is a significant difference in probabi
lities with DSCID 6 assigning probabilities that range from 
27 to 42% higher than those given by DSCID 7.

Final Group Assignments of 
Indeterminate Dolomite Samples

The runs chosen for determining the final group 
assignments for the 24 indeterminate samples were DSCID 5 
and 7. Where the group assignments of DSCID 5 disagreed with 
those of DSCID 7, the final assignments were left in question.

DSCID 5 and 7 were based on the four best varia
bles —  Na, Li, Ni, and Cu —  which discriminated on the 
99%, 93%, 100%, and 100% levels respectively. DSCID 5 was 
based on.the 28 sample tectonic dolomite group while DSCID 7 
was based on the 22 sample tectonic dolomite group.

The final group assignments for the indeterminate 
samples appear in the last column of Table 15 along with the 
original subjective group assignment that was made before 
the chemical analyses. These subjective assignments where 
made were based on the field relationships. Those for which 
no assignments were made at that time were dolomites that 
were very fine-grained showing very little recrystallization, 
were non-fossiliferous, and which were associated with
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dolomite beds having some continuity. It could not be 
objectively decided whether these samples represented fine
grained limestones that were tectonically dolomitized or 
thin and discontinuous lenses of strati^aphic dolomite 
already in the limestone prior to the tectonic dolomitiza- 
tion. Such lenses are commonly found within the limestone 
beds of the Arbuckle Group.

Of the 11 samples that were given a subjective 
group assignment, eight were confirmed by the discriminant 
analysis, two were assigned to a different group, and one was 
left undecided. Of the 13 samples that were not given sub
jective group assignments, two remained undecided after the 
discriminant identifications, while the 11 others were 
assigned to groups by the analyses.

Evaluation of Isotopic Data
The results of the isotopic analyses appear in 

Table 7 of Appendix A. In order to study these data with 
the discriminant program, three groups were established, 
characterized by six trace elements and the carbon and oxy
gen isotopic ratios. These groups are listed in Appendix A 
and consist of five stratigraphie dolomites, five low-iron 
tectonic dolomites, and four ferroan tectonic dolomites.
These 14 samples were originally selected from their respec
tive groups for isotopic analysis on the basis of their 
high probabilities as computed in run MDISC 3 using ten 
variables. These probabilities appear in the last column 
of the group listing in Appendix A. Since these sangles
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already had a high group probability, when separated as a 
group and given the added discriminating power of the iso
topic ratios it would be expected that they would be assigned 
very high probabilities. Indeed all samples were assigned 
probabilities of 100% in all three computer runs (MDISC 10, 
11, and 12.)

In Table 17 appear the means, standard deviations, 
the discriminant coefficients resulting from runs MDISC 10 
and 11, and the results of the Kolmogorov-Smirnov test of 
the variables. MDISC 10 discriminated between the group of 
five stratigraphie dolomites and the group of five low-iron 
tectonic dolomites, MDISC 11 between the five stratigraphie 
dolomites and the group of nine tectonic dolomites formed by 
including the four ferroan tectonic dolomites. While dif
ferences in trace element content did exist between the low- 
iron and ferrocin tectonic dolomites, there were no signifi
cant differences in the carbon and isotopic ratios. This 
permitted the merger of these two groups to strengthen the 
results of the discrimination. As indicated by the 
Kolmogorov-Smirnov test, the discriminating power of K,
Ni, Cu, 5 0^®^ and  ̂ were improved by the inclusion of 
the ferroan dolomites while those of Na, Li, and Sr were de
creased. For MDISC 11 the Kolmogorov-Smirnov test indicated 
that the carbon and oxygen isotopic ratios should discrimi- • 
nate at the 99.7 and 96% levels respectively. This evalua
tion is strengthened by the relatively large values of their 
coefficients in the discriminant function. Thus, both tests



Table 17. Evaluation of variables for MDISC 10 and 11.

Na K Li Ni Çu Sr 6 Oi® 6 ci®

X  (5) 234.40 346.00 0.20 0.20 2.80 29.00 -6.80 0.18s 47.62 159.59 0.45 0.45 0.45 16.00 1. 99 0.79
1 k 0.36286 0.03528 0.60395 1.06064 1.45624 -0.06473 -12.64708 18.80735

kx 85.05 12.21 0.12 .21 4.08 —1.88 86 .00 3. 39 o% of DF 45.0 6.5 0.1 0.1 2.1 (-)l. 45.4 1.8 ►H
X  (9) 174.33 125.00 2.11 4.56 7.89 49.11 -4.12 -2.02

O
M

s 73.09 69.64 2.57 3.43 2.26 32.95 1.15 0.92 h-*
2 k 0.17756 0.00168 -0.20940 1.25890 • 2.66595 0.04728 -6.48513 4.65487

kx 30.95 0.21 -0.44 5.74 21.03 2.32 26.72 -9.40
% of DF 40.1 0.3 (-)0.6 7.4 27.3 3.0 34.6 (-)12.2

3 dp 0.47 0.69 0.47 0.78 1.00 0.44 0.78 1.00
(N=3.2) P(%) 52 90 52 96 99.7 44 96 99.7

1 %
k
ky 
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3.66486
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0.65013
224.94
12.9

-12.73588
-2.55
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0.8

-29.49274
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-1.31633 -0. 24 
(-)O.Ol g

4
t
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s 
k
kx 

of DF

141.40 
46.87 
2.38278 336.93 

31.9

14 0.00 82.54 
D.44613 62.46 
5.9

3.60
2.61 

-7.12272-25.64
(->2.4

7.00
2.1259.55704416.90

39.4

9.20
2.28

-13.40285-123.31
(-)11.7

54.80 
29.54 
0.74709 40. 94 
3.9

-4.28
1.24

-76.58708327.79
31,0

• -1.80 
0. 35 

-11.64408 20.96 
. 2.0
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o

3
(N=2.5) ptS).

0.60
67 0.60

67 0.80
92

0.60
67

1.00
98.6

0.60
67

0.80
92

1.00
98.6

1 ~ Stratigraphie dolomites
2 = Ail tectonic dolomites3 = Kolmogorov-Smirnov Test
U = Low-iron tectonic dolomites

k = discriminate coefficient 
P(%>= .Probability



48
confirm the importance of the isotopic ratios as group dis
criminators. Unfortunately, the small number of samples in 
each group hampers the effectiveness of both the Kolmogorov- 
Smirnov test and the discriminant analysis. Larger sample 
sizes would greatly increase the confidence of this discrimi
nation. It would also be especially informative to test the 
discriminating power of the isotopic ratios against that of 
the trace elements alone. This could be done by analyzing 
isotopically the indeterminate samples that have already 
been assigned to groups on the basis of the trace element 
data alone.

In 1965, Dr. Gerald M. Friedman visited one of the 
localities (see Sargent, 1969, locality TA-4) from which 
samples for this study were collected. Friedman at that 
time collected 10 limestone and 13 tectonic dolomite samples. 
He attempted to collect these samples along a single horizon, 
but while the limestone bedding was easily traced, individual 
beds could not be traced in the dolomite due to fracturing 
and lack of topographic expression. The locality map for 
this area is reproduced in part from Sargent, 1969, in 
figure 9. On this map is placed the approximate location of 
Friedman's collecting area. Figure. 10 is an enlarged view 
of this area and contains the sample locations as provided 
by Friedman.

Friedman analyzed his 23 samples for Ca, Mg, Sr,
Mn, Cr, Fe, Cu, Ba, 6 and 5C^^. The results of these
analyses appear by permission in Table 8 of Appendix A. In
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Figure 9. Locality TA-4 (map enlarged - from Sargent, 1969) showing approximate 
location of Friedman's sampling area (dashed lines outline bed).
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Figure 10. Sampling stations of Friedman in Cool Creek 
Formation, Locality TA-H of Sargent (1969).

order to utilize the additional isotopic data for discrimi
nant analysis, two groups were established, characterized by 
the five variables common to both analyses: Fe, Mn, Sr,

and  ̂ The means and standard deviations of these
variables, the discriminant coefficients from computer run 
MDISC 13, and the results of the Kolmogorov-Smirnov tests on 
these variables appear in Table 18. All the samples were 
assigned to their own groups and the associated probabilities 
were all 100% when rounded. The coefficients of the dis
criminant function agree with the Kolmogorov-Smirnov test in
selecting Mn as the least discriminating variable. The iso
topic ratios, on the other hand, are important discriminators.



Table 18. Evaluation of variables for MDISC 13.

Fe Mn Sr 6 018 « C13
X  (5> 1,483.00 213.20 29.00 -6.80 0.188 717.14 211.81 16.00 ■ 1.99 0.79Stratigraphie k 0.01189 -0.00254 0.19591 -1.74922 3.06381

dolomites k x 17.6 —0.5 5.7 11.9 0.6% of DF 49.9 ■(-)1.4 16.1 33.7 1.7

X (18) 450.94 120.00 51.33 -4.20 —1.86
s 215.88 64.44 14.50 1.55 0.43

Tectonic k -0.00363 -0.00005 0.17672 -2.75237 -9.25724
dolomites k x —1.6 -0.006 9.1 11.e 17.2% of DF (->4.4 (->0.0002 25.1 32 .0 47.4

Kolmogorov-Smirnov
Test 0.74 0.34 0.69 0.78 0.94
(N=3.9> P(%) 97 24 95 98 99.8

k = discriminant coefficient 
P<%)= Probability
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Evaluation of the Discriminant Function-

The discriminant coefficient for each variable 
gives an indication of that variable's importance to the 
discriminant function. However, it must be remembered when 
evaluating variable importance that the means for each vari
able can differ greatly in value. For instance the mean for 
copper is 3 ppm in stratigraphie dolomites, while iron aver
ages 12 31 ppm. Furthermore, there can be an overlap of the 
standard deviations for a variable between groups as is the 
case for both manganese and iron. Clearly, one must consider 
both the means and standard deviations along with the dis
criminant coefficients when evaluating a variable’s impor
tance to discriminating between two groups.

Table 13.gathers together the information used 
to evaluate the variables from MDISC 6,.9, and 14, while 
Table 14 contains this information for MDISC 15 and 16. On 
the basis of means, overlap of standard deviations, and per
cent contribution to the discriminant function, lead, zinc, 
manganese, and iron were eliminated from runs MDISC 7, 8, 
and 9, However, a Kolmogorov-Smirnov test of each of the 
ten variables showed that while these four variables indeed 
were not good discriminators, two others, potassium and 
strontium, were also poor discriminators. Of the remaining 
four variables, three discriminate at a confidence level of 
better than 99% while the fourth is better them 90%. The 
six variables eliminated were all below the 45% confidence 
level. Subsequently, run MDISC 14 utilized the remaining 
four variables: sodium, lithium, nickel, and copper.
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The results of all of the discriminant identifi

cation program runs (see Table 11) involving the group of 
24 indeterminate dolomite samples appear in Table 15. A 
brief look at this table indicates that both the group 
assignments and their associated probabilities can change 
appreciably as the variables used for discrimination are 
changed. Examples of these changes can be seen in samples 
2, 3, 7, 16, 19, and 21. Furthermore, as mentioned earlier, 
the probabilities and group assignments of the discriminant 
analyses can also change as group parameters change.

The problem as it now appears is to determine 
which discriminant function is the most reliable. One might 
intuitively choose the four variable discriminants (MDISC 14) 
since these four variables were selected on the basis of the 
Kolmogorov-Smirnov and other tests. However, statistical 
tests may often be manipulated by varying the grouping 
arrangement along one of the graphical parameters. The 
Kolmogorov-Smirnov test may be so manipulated by changing 
the class interval along the abscissa of the frequency histo
gram. This is illustrated in figures 7 and 8 of Appendix C . 
where the separation of the cumulative frequency curves, d^, 
is changed by shifting the grouping interval of the 0^® 
and 6 data by 1/2 interval. Changes can also occur if 
the class interval is either increased or decreased. Thus 
the Kolmogorov-Smirnov statistic is to some degree variable.

However, the discriminant analysis statistic 
operates in a different manner. The graphical plot of two
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variables as in figure 11 results in the overlap of the 
group clusters. In the discrimination analysis these data 
•points are plotted on a separating plane that is rotated in 
such a way as to minimize the dispersion of data points with
in the clusters while maximizing the separation between the 
two clusters as in figure 12. The discriminant coefficients 
are then calculated from the new vector coordinates and thus 
achieve a better discrimination than could be achieved by 
clustering on the original graph.

Figure 11. Two-dimensional, two-variable scatter diagram.

0 Group A samples 
6  Group B samples

I
Variable x

Figure 12. Projection of the scatter diagram points onto 
a separating plane.

Variable x

/
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A better method for testing the significance of

additional variables is given by Rao (1952, p. 252-256) and
involves the use of Mahalanobis * D function to arrive at a
variance ratio which may be tested with the standard F-test.
Mahalanobis' is an estimate of the distance between two
populations and is calculated by the discriminant analysis
program used here. The D^’s of two functions cannot be
compared directly since the distribution of this distance
involves the population value of the distance based on the
variables common to both discriminant functions. Instead
the statistic used is U which also compares the twoq,p2D values but has a simple distribution.

The statistic U isq,p
Nl N2 ^2-

^ *  ( N ^  + N 2 ) ( N ^  + Ng -  2 )
U =   - 1

Ni  Ng
1 + --------------------------

(N;L + N2)(N j_ + Nj - 2) P

where p is the number of basic variables to which are added
q  variables and and are the sizes of the two groups.
The actual test statistic

N-i + — p — q — 1
■ ■ ■ ■, -----------------------------

is compared as a variance ratio with q and (Nĵ +N2 - p - q - 1)
degrees of freedom.

When the q variables contribute little to the dis- 
2 2tance between groups. D and D ^ will be approximately the



56
same and will approach unity. When there is a signifi
cant contribution by the q variables, will be greater
than unity and can be compared with the F-test,

This method was used to test whether the exclu
sion of variables in runs MDISC 9 and 14 significantly re
duced the discrimination between the two groups. Table 19 
contains the results of these tests.

Table 19. Results of F-test for MDISC 6, 9, and 14.

MDISC
Runs " W p “/n “^n^q+P F(m,n)

dx=.90
F(m,n) 
dx=.75

F(m,n)
dx=.50

6, 9 10 1.11 3.81 2.08 1.17
9, 14 11 38/2 3.04 9.47 3.45 1.42
6, 14 21 1.76 2.79 1.75 1.10

, MDISC % Variables D2
6 17 28 10 84
9 17 28 6 74

14 17 28 4 63

In each case the test shows that the added dis
tance provided by the additional variables is not signifi
cant at the 90% level. The distance provided by the four 
variables deleted from MDISC 9 is significant at slightly 
below the 50% level. The distance provided by the two 
additional variables deleted from MDISC 14 is significant 
at slightly below the 75% level. The distance added by all 
the six variables deleted from MDISC 6 for MDISC 14 is signi
ficant at slightly above the 75% level.
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The first four variables eliminated, Pb, Zn, Fe, 

and Mn, were assigned low probabilities by the Kolmogorov- 
Smirnov test (0, 16, 27, and 30% respectively.) The F-test 
indicated a significance below the 50% level for these vari
ables. The two additional variables deleted, K and Sr, dis
criminated with probabilities of 42 and 27% respectively 
according to the Kolmogorov-Smirnov test. The F-test indi
cated a significance for these two variables of slightly 
below the 75% level. On the basis of these results, the 
MDISC runs utilizing the four best discriminating variables 
should provide the best results with the greatest economy 
of effort.

Distinguishing Tectonic and Stratigraphie Dolomites
There is one problem remaining in connection with 

the dolomite samples which cannot be readily solved. Strati
graphie dolomites can be readily distinguished in the field 
area of this study when they occur alone without any tectonic 
dolomitization. Thus the control group of 17 stratigraphie 
dolomites was relatively easy to establish. This observa
tion is borne out by the fact that these samples were assigned 
to their own group by all the MDISC runs with relatively high 
probabilities. Outcrops of tectonic dolomite can also be 
readily distinguished by their field relationships. However, 
the problem is in identifying each sample taken in a tec
tonically dolomitized area as a tectonic dolomite. Thin and 
discontinuous lenses of stratigraphie dolomite commonly 
occur interbedded with the limestone in the study area. Thus
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it can be difficult to establish that a particular sample 
is a tectonically dolomitized limestone or a sample of a 
•stratigraphie dolomite within the tectonically dolomitized 
area. In addition, this stratigraphie dolomite may or may 
not have been affected by the tectonically dolomitizing 
solutions.

This sampling difficulty could account for the 

six samples of tectonic dolomite that were consistently 
either assigned to the stratigraphie dolomite group or 
assigned low probabilities in the tectonic dolomite group.
It would be important to note here as has been discussed 
before that once these six samples were excluded, the pro
babilities in both groups were increased. Furthermore, the 
probabilities assigned by the identification runs DSCID 6 ■ 
and 7 to the 24 indeterminate samples were also higher than 
those assigned by runs DSCID 3 and 4. When these six sam
ples were tested in DSCID 8, they were all assigned to the 
stratigraphie dolomite group with probabilities ranging 
from 93 to 100%. These results are given in Table 15.

Although there appears to be considerable evi
dence to indicate that these samples might be stratigraphie 
lenses within the tectonically dolomitized area, the possi
bility must also be recognized that there could exist a 
range in composition for the tectonic dolomites from samples 
that are close in composition to the stratigraphie dolomites, 
to those that are herein characterized as "good" tectonic 
samples. The six dolomite samples were all samnled as "eood"
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tectonic dolomites. The field relations indicated that the 
dolomite was tectonic and no stratigraphie dolomite lenses 
were observed. Furthermore, two of the samples were col
lected along with a limestone sample from the same bed. This 
was established by physically tracing the bed from the lime
stone into the tectonically dolomitized area. Two other sam
ples were also sampled along with equivalent limestone sam
ples although the certainty of the tracing was not as great 
as in the first case. The two remaining samples are dolomite 
breccias taken from a faulted zone. In none of these cases 
is there any indication of a stratigraphie origin, except 
for their trace element content. The answer then must be 
that the tectonic dolomites do range in composition. A more 
thorough investigation of the isotopic compositions might 
provide the final solution to this question.



INTERPRETATION OF THE ANALYTICAL RESULTS

Discussion of the Trace Element Compositions
The trace element impurities in the carbonate sam

ples of this study could be present as structural impurities 
(either substitutional or interstitial), as intragranular 
growth inclusions, or as intergranular adsorbates on carbonate 
or noncarbonate grains.

Small ionic size is necessary for interstitial sub
stitution. Lithium in tetrahedral coordination is the only 
one of the ten elements small enough in size for interstitial 
substitution. In octahedral coordination it becomes too large 
for such substitution.

The large ions, lead, strontium, sodium, and potas
sium, substitute more readily in the spaceous aragonite struc
ture and are appreciably lost upon conversion to the less spa
ceous calcite structure.

The divalent ions of copper, nickel, zinc, iron, 
and manganese are within the correct ionic size range for sub
stitution for magnesium in the dolomite structure. Iron and 
manganese can also occur as oxides. Copper, nickel, and zinc 
can commonly occur adsorbed in organic material.

The alkali elements, lithium, sodium, and potassi
um, due to their size and charge would be unsuitable for inter

60
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stitial substitution or for extensive mutual substitution for 
either calcium or magnesium in the carbonate structure. They 
would most likely occur as adsorbates on carbonate and noncar
bonate grains or as solid or liquid intragranular inclusions.
No obvious inclusions were observed in thin-section. Thus 
much of the lithium, sodium, and potassium could occur as sur
face adsorbates.

For surface adsorption from solution, the empiri
cal Freundlich isotherm equation is used in the form a = kc^, 
where a is adsorption, c is concentration, while k and n are 
constants for the given adsorbent and adsorbate. Thus adsorp
tion is directly related to concentration of the adsorbate in 
solution. (See Glasstone and Lewis, 1360, p. 567.)

The total amount of lithium, sodium, and potassium 
in the carbonate samples should then be related to the concen
tration of each in the diagenetic solutions, the amount of in
soluble residue in each sample, and the proportion of clays 
(better adsorbents) to the other insoluble minerals. Complete 
evaluation of these complex interrelationships was not attempt
ed in this study. However, an analysis of the insoluble resi
due data generated in this study and comparison to other pub
lished studies allows some interpretations to be made.

Weber (1964b) in analyzing 300 "primary" and "sec
ondary" dolostones and 150 dolomites discovered several elemen
tal variations. It is difficult to compare his results with 
those of the present study which is concerned with early dia-
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genetic and late diagenetic dolomites. However, the "primary" 
dolostones were based on evidence which only suggest the pos
sibility of direct chemical precipitation. As reported by 
Weber, the characteristics suggesting primary origin are 
"excellent stratification, very fine to cryptocrystalline 
grain size, uniform grain size, complete absence of faunal 
remains, absence of any relict textures or structures, lack 
of appreciable potosity, relatively light color, and sub- 
conCOidal to concoidal fracture." The stratigraphie dolomite 
samples of the present study exhibit many of these features.
The secondary dolostones in Weber's report were those which 
exhibited replacement features with no breakdown as to early 
or late diagenesis. A further difficulty is that the analyses 
of the dolostones were made on the whole rock sample which in
cludes contributions from the non-Ccirbonate fraction. The 
150 dolomites were obtained by acid dissolution of 150 dolo- 
stone samples and thus would provide data more compatible to 
the present study, although the aforementioned problem of the 
secondary dolomites remains.

Weber attributed the greater Li content of the pri
mary dolostones to the greater abundance of clay minerals in 
these rocks. Horstman (1957) had noted that the Li content of 
carbonates was most likely incorporated in the clay fraction 
since Li does not occur as a carbonate in nature or enter into 
the calcite or dolomite structure. The present study found that 
the low-iron tectonic dolomites contained more Li than the
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stratigraphie dolomites. However, this higher Li content was 
mainly due to four samples with high Li contents beyond one 
standard deviation from the mean. These four samples were 
also high in insoluble residue content. .When these samples 
are removed from the group, the mean Li content is only 
slightly higher than that of the stratigraphie and ferroan 
tectonic dolomites. When plotted against insoluble residue 
content in figure 13 the Li shows a highly variable but recog
nizably positive correlation for low-iron tectonic dolomites. 
However, as seen in figure 14, no correlation exists for the 
stratigraphie dolomites. In addition, no correlation was 
found between the Li content and insoluble residues of the 
limestones or ferroan tectonic dolomites.

Linear regression analysis of the data points in 
figure. 13 results in a correlation coefficient of r = 0.63 
where r = 0 indicates no covariance and r = 1 indicates per
fect covariance. The value 100 • r^ yields the % of variation 

of random variable Y that is accounted for by variation in X. 
For the tectonic dolomites, the insoluble residue variation 
accounts for 40% of the variation of the lithium content in
dicating significant positive correlation for these data. For 
the stratigraphie dolomites (figure 14), the correlation coef
ficient is r = 0.24 which yields a 100 • r^ value of 6%. This 
would indicate no significant covariance between lithium and 

and the insoluble residue content of the stratigraphie dolo
mites. Furthermore, contrary to the findings of Weber, the
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(ppm)

0 5 10 2015
% IR

Figure 1'4. Lithium vs insoluble residue 
.for stratigraphie dolomites.



65

lithium content of the low-iron tectonic dolomites was higher 
than that of the stratigraphie dolomites.

In examining the trace element analyses of all the 
samples, a regional trend becomes apparent in the Li distri
bution. The Arbuckle anticline dolomite samples contained no 
Li. The three Arbuckle anticline limestones contained only 1 
ppm Li each, well below the average for all limestones in 
this study. On the other hand, of the Tishomingo limestones 
and tectonic dolomites, 80% contained some Li. Of the strat
igraphie dolomites of the Tishomingo anticline, four contained 
1 ppm Li and the remainder contained no Li. Clearly the rela
tionship is complex. The only discernible patterns evident 
are that Tishomingo anticline rocks are in general richer in 
Li than the Arbuckle anticline rocks, and that the low-iron 
tectonic dolomites are enriched relative to the stratigraphie 
dolomites analyzed. This enrichment of the low-iron tectoriic 
dolomites of the Tishomingo anticline relative to the strati
graphie dolomites may reflect an incomplete or ineffective 
leaching of the insoluble residue by the tectonic dolomitizing 
solutions and a more complete or effective leaching by those 
solutions causing stratigraphie dolomitization.

Weber also noted a higher K abundance in the pri
mary dolostones and again attributed this to their higher clay 
mineral content. In the present study the stratigraphie dolo
mites were found to have a higher K abundance than any of the 
tectonic dolomite groups. However, the average insoluble
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residues of the dolomite groups are within 2% of each other, 
with the low-iron tectonic dolomites containing on the average 
1% more than the stratigraphie dolomites. When the K abun
dance is plotted against the insoluble residue content for 
both stratigraphie dolomites and low-iron tectonic dolomites 
(figures 15 and 16), a variable but positive correlation re
sults .

Linear regression analysis of the data for the 
stratigraphie dolomites (figure 15) yields a correlation coef
ficient of r = 0.76 which gives a 100*r̂  value of 58%. This 
would indicate that the insoluble residue data account for 58% 
of the variability of the potassium content. For the low-iron 
tectonic dolomites (figure 16), the correlation coefficient is 
r = 0.56 which yields a 100*r̂  value of 31%. This would indi
cate significant covariance between potassium and the insoluble 
residue content of both the stratigraphie and tectonic dolo

mites .
Most of the variability of the data points within 

dolomite groups is thought by the author to be due to varia
tions in the clay mineral content of the insoluble residue.
In figure 16, the four samples which have the highest insoluble 
residue content also tail off from the linear mean. All four 
samples were observed to contain abundant grains of quartz sand 
and iron oxides. The abundance of these non clay minerals in 
the insoluble residue would explain the tailing off of the data 
in figure 16. With these four samples removed, a correlation
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coefficient of r = 0.60 is obtained yielding a 1 0 0 value of 
36%.

It would thus appear that K may be concentrated in 
the clay mineral fractions and would be of only limited use in 
distinguishing between stratigraphie and tectonic dolomite. 
However» there are statistical differences between the K con
tent of the stratigraphie dolomites » the low-iron tectonic do
lomites , and the ferroan dolomites. The stratigraphie dolo
mites averaged 206 ppm K, the low-iron tectonic dolomites 164 
ppm, the ferroan tectonic dolomites 117 ppm, and the limestones 
108 ppm. Since there is very little difference between the 
average insoluble residue contents, these differences could re
flect either a difference in the percentage of clay minerals 
in the insoluble residues or differences in the temperature 
and composition of the dolomitizing solutions. Both tempera
ture and cation concentration can affect the cation exchange 
capacity of clay minerals.

No correlation between the K content and insoluble 
residue was evident for the limestones and the ferroan tectonic 
dolomites. The evidence suggests that differences in the tem
perature and composition of the dolomitizing solutions produced 
the differences in K content of the stratigraphie and low-iron 
tectonic dolomites. None of the other elements analyzed could 
be correlated with insoluble residue content.

Sodium was found to be concentrated in all dolo
mites relative to the limestones. This general enrichment of
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Figure 16. Potassium vs insoluble residue for low-iron tectonic dolomites.



69

sodium in the dolomites is probably due to a higher salinity 
of the dolomitizing solutions relative to normal sea water.
No correlation of sodium with insoluble residue was evident. 
This agrees with Fritz and Katz (1972) who found no correla
tion between sodium and aluminum content. Furthermore, Fritz 
and Katz noted higher sodium and potassium content for supra- 
tidal dolomite with lower contents for later formed diagenetic 
dolomites. With the exception of the higher sodium content of 
the ferroan tectonic dolomites, the same relationship was 
noted in this study. The lack of correlation between sodium 
and insoluble residue content suggests that the sodium is main
ly incorporated as solid or liquid intragranular inclusions, 
or substituted into the crystal structure which is less likely 
due to its charge and ionic size.

The ionic sizes of copper and nickel are close to 
that of magnesium and they could thus be accomodated in the do
lomite structure by mutual substitution. Both elements have 
been reported to correlate to the organic content of rocks.
(See LeRiche, 1959, or Krauskopf, 1956.)

The concentrations of Cu and Ni in the various do
lomites provided the best discrimination. Weber suggested that 
Cu might also be concentrated in the clay mineral fractions and 
reported abundances of 5.72 ppm for primary dolostones and 6.74 
ppm for secondary dolostones, both groups with large standard 
deviations. In contrast, the present study discovered a dis
tinct difference between the Cu content of the stratigraphie
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dolomites (x = 3.12 ppm) and that of the tectonic dolomite 
groups (x = 5.93 ppm) with both groups having small standard 
deviations. In addition, the Kolmogorov-Smirnov test indi
cates that Cu discriminates between the tectonic groups and 
the stratigraphie group with a confidence of 100%. Cu also 
occurs in the limestones at only a slightly higher concentra
tion (x = 7.15 ppm). Since Cu also occurs in the vein dolo
mites to the same extent as the other tectonic dolomitesthe 
possibility exists that there was sufficient Cu in the tecton- 
ically dolomitizing solutions to prevent its removal from the 
limestone during diagenesis. However, the absence of relict 
structures of copper sulfide minerals in the limonite bodies 
within the tectonically dolomitized areas would suggest that 
copper, if present in the dolomitizing solutions, was in very 
low concentrations. The limonite samples with few exceptions 
exhibit the relict crystal or growth structures of their min
eral precursors. These structures are, without exception in 
the specimens studied, characteristic of marcasite and pyrite. 
If Cu was present in the dolomitizing solutions in significant 
quantities, relict copper iron sulfide structures should also 
be present.

A similar condition exists for the Ni abundances. 
The stratigraphie dolomites have the least Ni with an average 
of 0.94 ppm followed by the ferroan tectonic dolomites with 
1.88 ppm. The low-iron tectonic dolomites contain an average 
of 6.46 ppm Ni while the vein dolomites contain 9.60 ppm.
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All dolomite groups have large standard deviations. The lime
stones contain 32.OM opm. Again the vein dolomites with ap
preciable Ni content suggests sufficient Ni content in the 
tectonically dolomitizing solutions to prevent the complete 
removal of Ni from the limestones. Alternately, these two 
ions, Ni and Cu. may be complexed in the organic content of 
the rock and the difference in abundances between the strati
graphie and tectonic dolomites might only reflect the lack of 
organic structures in the stratigraphie dolomites. The Kol
mogorov-Smirnov test indicates a confidence level of 100% for 
Ni in discriminating between the stratigraphie and low-iron 
tectonic dolomites.

The Sr content of the dolomites was of only limited 
use due to the large overlap of standard deviations between 
groups. The stratigraphie dolomites had the lowest average 
content at 26.65 ppm with the tectonic dolomite groups averag
ing just above 40 ppm. The vein dolomites averaged 46.20 ppm 
but this high average is probably due to the inevitable con
tamination when sampling these veins which range in width from 
one to five mm. and commonly contain Mn and Fe oxides in the 
center. When one sample very high in Sr is excluded the aver
age becomes 2 8.25 ppm Sr. The sample believed to be the 
purest vein dolomite, TA 1-1-lv, contained 18 ppm. Thus there 
is some evidence to suggest that the vein dolomites might have 
a lower Sr concentration than the stratigraphie dolomites.
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The large strontium ion is more easily accomodated 
in the calcium sites in the more spacious aragonite structure 
than in the calcite structure. Upon conversion of aragonite 
to calcite, much of the strontium is lost. During dolomitiza
tion much of the remaining strontium is removed as it does not 
readily fit into the smaller dolomite structure. The Sr con
tent of the dolomites might then reflect the amount, of excess 
calcite in the samples, the tectonic replacement dolomite hav
ing on the average more excess calcite than the stratigraphie 
dolomites, and the precipitated vein dolomites being the closest 
to the ideal dolomite composition. When the percentage of 
CaCOg for the 11 samples in Table 1 of Appendix A is plotted 
against the Sr content in figure 17, a variable but positive 
correlation results.

100

Sr
( p p m )

55 •5654 57 58 59
mole % CaCO 3

Figure 17. S-trontium vs mole percent CaCO in 
11 carbonate samples including^ 
limestones, tectonic dolomites, 
and stratigraphie dolomites.
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Atwood and Fry (1967), in analyzing 21 dolomitic 
limestones and secondary dolomites for Sr and Mn, reported a 
decrease in Sr and an increase in Mn in the dolomite samples. 
Correlation between the strontium content of the dolomite and 
the shift of the dolomite diffraction peak suggested to
them that the larger Sr ion in the parent calcite was pro
gressively excluded from the smaller dolomite lattice during 
dolomitization (Atwood and Fry, p. 15 33.) The increase in 
manganese was attributed to addition of this element to the 
system from the dolomitizing solutions. Similar trends were 
noted in the present study. Sr was depleted in the dolomites 
relative to the limestones while Mn and Fe were more abundant 
in the dolomites. The enrichment of the dolomites in Mn and 
Fe is due to the ease with which these ions can substitute 
for Mg in the dolomite lattice.

With the exception of the ferroan tectonic dolo
mites, lead and zinc were absent in all but a few samples. In 
the ferroan tectonic dolomites, the concentrations of these 
elements were higher than in the limestones, indicating the 
presence of these two elements in the epigenetic dolomitizing 
solutions responsible for the ferroan dolomites. The ionic 
size of zinc would allow substitution for magnesium but the 
large size of the lead ion would exclude it from extensive sub
stitution for magnesium. However, lead could substitute in 
the calcium positions. Neither element was useful in the dis

criminations .
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The ionic sizes of iron and manganese fall between 
calcium and magnesium and thus allow for substitution either 
in calcite for calcium or in dolomite for magnesium. The ease 
of substitution of iron and manganese for magnesium is seen in 
the ferroan tectonic dolomites. However, while much of this 
iron and manganese is substituted in the dolomite structure, 
some also occurs as noncarbonate minerals. Some dolomite crys
tals show good zoning under the microscope. This zoning is 
probably due to inclusions of iron oxides during growth. Dis
seminated iron and manganese oxide grains are also evident in 
some samples.

With the exception of the ferroan tectonic dolo
mites, the Pb, Zn, Mn, and Fe content of the dolomites was 
highly variable with no significant difference between the 
groups. These four elements must have been especially concen
trated in the dolomitizing solutions in the Arbuckle anticline 
area, since all four elements are significantly concentrated 
in the tectonic dolomites from this area.

The results of the present study suggest that the 
solutions causing dolomitization in the Tishomingo anticline 
area were apparently barren in Pb and Zn, and low in Ni, Cu, 
Ml, and Fe content.

Stehli and Hower (1961) analyzed 41 samples of re
cent carbonate sediments and 20 Pleistocene carbonate rocks 
for Mg, Sr, Ba, and Mn. They discovered a marked decrease in 
abundance of all four elements in the rock samples and con-
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eluded that diagenesis of carbonate sediments results in loss 
of the trace constituents. A similar decrease in trace ele
ment abundance due to the diagenetic dolomitization was noted 
in the present study. The concentrations of Li, Ni, Cu, and 
Sr were lower for all dolomites relative to the limestones.
In addition, the concentrations of Pb and Zn were lower for 
the stratigraphie and low-iron tectonic dolomites relative to 
the limestones.
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Factors Affecting the Carbon and Oxygen 
Isotopic Compositions 

This discussion is not intended to cover completely 
the isotopic geochemistry of carbonates, but instead to pres
ent the factors that most likely could have determined either 
singly or jointly the isotopic composition of the carbonates 
involved in this study. Detailed studies of the isotopic geo
chemistry of carbonates may be found in Degens and Epstein 
(1964) and Clayton, Jones, and Berner (1968).

The most obvious factors affecting the isotopic 
ratios would be the temperature and isotopic compositions of 
the dolomitizing fluids. The heavy isotope of oxygen is in
corporated in the carbonate structure to a greater extent at 
low temperatures than at high temperatures. This of course 
is the basis of 0^® paleothermometry.

The temperatures of the solutions causing the tec
tonic dolomitization of this study are not known and could 
conveivably have varied both spacially and temporally. If the 
solutions were entrapped at the maximum depths suggested for 
the Arbuckle formations (30,000 feet; see Ham et al, 1973, 
p. 15), their temperatures could have exceeded those generally 
assigned to stratigraphie dolomitization. (80-120°F; see 
Tiling, Wells, and Taylor, 1965; Deffeyes, Lucia, and Weyl, 
1965.) A depth of burial of.15,000 feet would give connate 
water temperatures in the range of 170 to 200° F according to 
Shelton (personal communication, 1974.) If entrapped at shal
lower depths, the tectonic solutions could have been at
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temperatures equal to those of the solutions producing the 
stratigraphie dolomitization.

Furthermore, the temperatures of the tectonic solu
tions could have varied between localities, especially between 
the Arbuckle and Tishomingo anticline areas which are separat
ed by a distance of approximately 20 miles. Finally, solu
tions warmer than the ambient rock temperature would cool and 
thus there would be a variation from the beginning to the end 
of the dolomitization period.

The isotopic composition of the epigenetic solutions 
would be at least as important as temperature in determining 
the isotopic composition of the dolomites. If they were mete
oric in origin the epigenetic solutions would have been en
riched in the lighter isotope of oxygen. If the solutions 
were connate in origin and similar in composition to oilfield 
brines, they would have been enriched in the heavier isotope 
of oxygen. If hypersaline sea water produced the stratigraphie 
dolomites the resulting isotopic composition would most likely 
have been similar to that of normal sea water.

Since living organisms preferentially incorporate
into their structure, sediments rich in organic matter

12have more C available. Oxidation of this organic matter
12would supply carbon dioxide enriched in C to the diagenetic 

solutions within the sediments. Carbonates produced by pre
cipitation from or equilibration with these solutions would 
also be enriched in the lighter isotope.

In summary, several factors would have an effect on 
the isotopic composition of dolomites. Since the two dolo
mites in this study - stratigraphie and tectonic - must have
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formed under different conditions, it is to be expected that 
their isotopic compositions would be different.

Discussion of the Isotopic Compositions 
The range of isotopic values for samples in this 

study are given below in Table 20. The samples analyzed by 
Friedman as discussed previously are also included. The com
plete isotopic analyses appear in Table 7 of Appendix A, 
while Friedman's analyses appear in Table 8 of Appendix A.

Table 20. Range of isotopic values

Limestone (Sargent) (3) -2.9 to -1.6 -7.6 to -6.3
Limestone (Friedman) (10) -3.9 to -1.4 -7,8 to -7.0 •
Stratigraphie dolomites (5) -0.9 to +1.0 -9.4 to -5.2
Low-iron tect. dolo. (S) -2.1 to -1.2 -6.2 to -2.9
Tect. dolo. (Friedman) (13) -2.8 to -0.9 -7.6 to -2.7
Ferroan tect. dolo. (4) -4.2 to -1.0 -5.6 to -2.9
Vein tect. dolo. (3) -2.3 to -1.3 -3.8 to +2.4

Number in parentheses indicates 
number of samples in group

Table ,21 (page 79) gives a comparison of the means and stand
ard deviations between Friedman’s samples and those of this 
study, as well as the means and standard deviations of the two 
groups combined. The isotopic ratios of the 10 limestones and 
13 tectonic dolomites analyzed by Friedman were similar to 
those of this study (see figures 18 and 19) and are included 
in their respective groups in the discussion that follows.
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Table 21. Means and stamdard deviations
of the isotopic concentrations.

Limestones (Sargent) (3) 
Limestones (Friedman) (10) 

Combined (13)
Stratigraphie dolomites (5)

Low-iron tect. dolo. (5) 
Ferroan tect. dolo. (4) 

Combined (9)
Tect. dolo. (Friedman) (13) 

Combined (22)
Tect. vein dolo. (3)

6 Cl 3 « 0^8

X 8 X 8

-2.4 0.7 -6.9 0.7
—2.6 1.0 -7.4 0.3
—2.6 0.9 -7.3 0.4

+ 0.2 0.8 —6.8 2.0

—1.8 0.4 -4.3 1.2
-2.3 1.4 -3.9 1.2
—2.0 0.9 -4.1 1.2
-1.9 0.5 -4.2 1.7
-1.9 0.7 -4.2 1.5

-1.7 0.5 -1.5 3.4

Humber in parentheses indicates 
number of samples in group

Variation in Content

Degens and Epstein (1964) have suggested that re- 
crystallization and dolomitization do riot significantly alter 
the carbon istopic ratio of the original carbonate precursor. 
On the other hand, Friedman and Sanders (1967), using Fried
man’s carbon isotopic analyses of 10 limestones and 13 tec
tonic dolomites from the present study area, concluded that 
there was a significant difference in the carbon isotopic ra
tios between the limestones and tectonic dolomites. They sug
gested that the dolomitizing solutions were hypersaline brines 
enriched in 0^® and The isotopic data obtained in the
present study agree with their conclusions. Friedman and 
Sanders (1967, p. 331) reported that while the 6 ranges of
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the limestones and tectonic dolomites overlap (see Table 19), 
six of the ten limestones have values between -2.6 and -3,9, 
and eight of the thirteen dolomites have values between -0.9 
amd -1.9, From this they concluded that the dolomites were 
enriched in the heavier carbon isotope.

In the present study two of the three limestones 
were within the range -2.6 and -3.9, while six of the nine do
lomites were within the range -0.9 and 1.9. With the data 
from both studies combined, eight of thirteen limestones and 
fourteen of twenty-two dolomites are within the ranges indi
cated above. Furthermore, the 6 range for the tectonic 
vein dolomites was -1.3 to -2.3 with two of the three samples 
within the tectonic dolomite range -0.9 to -1.9.

In figure 20 appear the frequency histograms for 
the combined isotopic data of Friedman and that of the present 
study. A Kolmogorov-Smirnov test of the carbon isotopic data 
indicates a probability of 98% that the distribution for the 
limestones is different from that of the tectonic dolomites. 
The Student's t-test indicates that there is a 99% probability 
that the means differ significantly. It would appear then 
that the carbon isotopes reequilibrate as do the oxygen iso
topes, although not to as great an extent.

When the isotopic ratios of limestone-tectonic do
lomite and stratigraphie dolomite-tectonic dolomite pairs are 
considered the reequilibration of the carbon isotopes becomes 
more complex. Table 23 compares the isotopic ratios of three
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Table 22. Group means of trace element and laotoplo concentrations.

Pb Zn Na K Li Ni Cu Sr . Mn Pe 6 0^® é

1 X (25) 4.36 5.80 139.36 108.56 3.64 32.04 7.16 251.80 39.32 538.84 -6.9 -2.4 (3)
S.D. 3.72 11.80 38.63 62.07 4.29 7.82 2.54 130.95 19.70 228.36 0.7 0.7

2 • X (17) 1.00 0.12 222.24 206.18 0.24 0.94 3.12 26.65 176.24 1,231.24 -6.8 +0.2 (5)
S.D. 4.12 0.49 51.15 143.95 0.44 1.43 0.93 17.02 191.61 1,000.58 2.0 0.8

CD
3 X  (28) 0.21 1.46 169.61 162.68 2.50 6.46 6.57 40.25 94.57 858.11 -4. 3 -1.8 (5)

S.D. 0.96 3.67 68.83 90.76 4.26 4.82 2.36 24.32 72.70 760.13 1.2 0.4

4 X (26) 14.54 15.46 269.62 117.31 0.27 1.88 5.04 41.42 2,300.08 10,857.73 -3.9 -2.3 (4)
S.D. 43.47 29.26 128.48 55.90 0.60 2.89 1.89 19.69 933.83 3,292.62 1.2 1.4

5 X  (5) 0.6 0 192.20 63.00 0 9.60 7.00 46.20 210.00 1,612.20 -1.5 -1.7 (3)
S.D. 1.3 0 66.73 26.60 0 7.80 2.55 40.60 113.11 1,144.50 3.4 0.5

1 s Limestones
2 s Stratigraphie dolomites
3 = Low-Fe tectonic dolomites
4 = Ferroan tectonic dolomites
5 = Tectonic vein dolomites



Table 23. Analyses of limestone-tectonic dolomite and
stratigraphie dolomite-tectonic dolomite pairs.

Pb Zn Na L1 Ni K Ç u S r M n  Fe <i 0^° 6

Ail Ls from 5 7 126 U 3t 112 8 215 37 481 -6.7** -2.4**
Ls-T-DOL Pairs 

(N = 16)
Ail T-DOL fromLs-T-DOL Pairs 187 2 • 7 161 6 43 54* 571* -4.1** -1.7'

Le TA 1-2-1 11 13 100 5 27 150 10 138 35 773 -6.7 -2.9
T-DOL TA 1-2-2 8 157 7 7 180 10 66 54 606 -4.1 -1.9
Ls TA 1-4-1 1 168 8 36 60 7 256 26 457 -6.3 -1.6
T-DOL TA 1-4-2 1 6 107 4 8 60 6 27 49 418 -4.6 -1.9
Ls TA 2-2-1 1 74 1 36 190 11 193 40 502 -7.6 -2.8
T-DOL TA 2-2-2 109 1 10 95 10 20 49 481 -3.6 -1.2
S-DOL AA 2-20-1 207 100 3 4 569 2527 -9.4 -0.2
T-DOL AA 2-21-1 S 205 4 125 6 14 2751 14,092 -Ü.6 -2.4
S-DOL AA 2-2-1 252 110 2 3 677 3988
T-DOL AA 2-1-1 S 338 S 175 6 33 3333 14,092

* Anomalously high value from one sample omitted.
** Three pairs.

00cn
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limestone-tectonic dolomite pairs and one stratigraphie dolo
mite-tectonic dolomite pair. In two of the three limestone-

13tectonic dolomite pairs, dolomitization resulted in C en
richment. In addition, part of the variability of the iso
topic ratios of the tectonic dolomites must be a result of the 
variability of their carbonate precursors. The carbon isotope 
values of the carbonate precursors were variable with one 
limestone, TA 1-4-1, and the stratigraphie dolomite, AA 2-20-1, 
having ratios that were higher than the average for tectonic 
dolomites and the remaining two limestones, TA 1-2-1 and 
TA 2-2-1, having ratios that were lower. In each case the 
carbon isotopes appear to have reequilibrated to values that 
are within one standard deviation of the mean for all tectonic 
dolomites in this study. This suggests that isotopic equili
brium was approached. Variations in the ratio are still pos
sible locally due to temperature differences and to restric
tions on the reservoir size of the diagenetic solutions.

The stratigraphie dolomites were significantly 
lower in than any of the other groups. The 6 range 
for the five stratigraphie dolomites was -0.9 to -1.0 with 
four samples within the range +1.0 to -0.2. Clearly the 
stratigraphie dolomites are enriched in the heavier carbon 
isotope relative to all other sample groups. This may be due 
to a lower content of organic material with respect to the 
other samples. The stratigraphie dolomites were in general 
nonfossiliferous, laminated, light colored rocks. The lime-
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stones and tectonic dolomites in general contained fossil
1 ?debris or exhibited organic structures. Since C is prefer

entially incorporated by living organisms into their struc
tures, this might account for the enrichment in of the 
latter rock and the depletion in of the stratigraphie do
lomites. In any case this distinct difference between the 
dolomite types made the carbon isotopic ratio a good discrimi
nator.

Variation in 0^® Content
Friedman and Sanders reported an 0^® enrichment in 

the tectonic dolomites relative to limestones. The present 
study likewise found an 0 ®̂ enrichment of the tectonic dolo
mites relative to the limestones. Furthermore, the tectonic 
dolomites were enriched in 0^® relative to the stratigraphie 
dolomites which were similar in 0 ®̂ content to the limestones. 
This enrichment was statistically significant as was discussed 
earlier.

The 0^® variability of the stratigraphie dolomite 
samples is of interest. The three samples from the Tishomingo 
anticline area were similar in their 0^® values and averaged 
-5.4 compared to the limestones from the same area which aver
aged -6.9. Of the remaining two stratigraphie dolomites, one 
came from the Arbuckle anticline area and the other from along 
Highway 77. Their 0^® values were -9.4 and -8.5 respectively, 
the lowest values of either Friedman's samples or those of
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this study. None of the limestones of the Arbuckle anticline 
area were analyzed isotopically, so that important evidence 
is missing. However, there remains the possibility that the 
stratigraphie dolomites have somewhat higher 6 0^® values than 
limestones from the same area. Of course the Tishomingo lime
stones and stratigraphie dolomites were not equivalent sam
ples, the limestones being located stratigraphically higher 
than the dolomites.

The non-ferroan tectonic and ferroan tectonic dolo
mites can be considered together as both groups have similar 
oxygen isotope ratios averaging -4.3 and -3.9 respectively.
The tectonic vein dolomites on the other hand were quite vari
able. Of the three vein dolomites, two have oxygen isotope 
ratios falling within the range of the other tectonic dolo
mites, indeed within one standard deviation of the mean. The 
third, the sample believed to be the purest vein dolomite, had 
the only positive oxygen isotope ratio and fell considerably 
outside the range of all other samples. This high O^^/^ie 
ratio might reflect the precipitation of this dolomite near 
the end of the diagenetic period from solutions that cooled 
considerably from their initial temperatures. Alternately, 
the precipitating solutions might be anomalously high in 0 ®̂ 
content representing a final pulse of solutions that were 
different in composition from the initial solutions.

If the three vein dolomites analyzed are grouped 
according to their "purity" as judged subjectively during
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their sampling, both the (0 ®̂ and ( values increase as 
the samples become more pure. The vein sample with the least 
vein wall contamination is the heaviest isotopically while 
that sample judged to be the most contaminated is the lightest 
isotopically. This would indicate that the solutions from 
which they precipitated were isotopically heavy or that these 
solutions were cooler than those producing the replacement 
dolomites.
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Source, Nature, and Timing of the Dolomitizing Solutions
Essentially there are three main dolomite types: 

the early diagenetic stratigraphie dolomites, the late dia
genetic replacement dolomites, and the vein dolomites. The 
source, nature, and timing of each type will be discussed.

For reasons stated earlier (see p. 12), the strati
graphie dolomites of this study are thought to have formed 
from calcite sediments shortly after deposition and prior to 
deep burial or lithification. The dolomitizing solutions 
were most likely magnesium-rich waters formed from normal sea 
water by selective removal of calcium or addition of magnesi
um. The higher sodium content of the dolomites relative to 
the limestones would indicate that these solutions were high
er in salinity than normal sea water. This higher salinity 
could have been produced either by evaporation in a restrict
ed lagoon or by selective filtration, diagenesis, and chemi- 
sorption of interstitial water. However, the salinity at
tained was not sufficiently high to deposit evaporite miner
als within the stratigraphie dolomites.

The late diagenetic dolomite bodies are closely as
sociated with vertical throughgoing faults and fractures. 
These dolomite bodies are restricted to a relative few strat
igraphie units although other susceptible limestone units 
were available for replacement. They are not widespread and 
show no strong horizontal component as would be expected with
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descending meteoric water. These arguments, considered along 
with the higher Na and 6 0^® content of the late diagenetic 
dolomites, suggest that dolomitization occurred at depth due 
to ascending magnesium-rich solutions of marine connate ori
gin .

The fact that the tectonic dolomites, that are re
placements of the limestones and stratigraphie dolomites, are 
isotopically heavier than their precursors is of interest. 
This difference would indicate, if the two dolomitizing solu
tions are assumed to have had similar carbon and oxygen iso
topic ratios, that- the epigenetic solutions were cooler. As 
checked experimentally by McCrea (1950) and verified by Clay
ton and Epstein (1958), 0^® is incorporated into minerals to 
a greater extent at low temperatures than at high tempera
tures. • However, if the two dolomitizing solutions are as
sumed to have had similar temperatures, then the solution 
causing the tectonic dolomitization would have to have been 
isotopically heavier than the solutions causing the strati
graphie dolomitization.

The epigenetic solutions causing the tectonic dolo
mitization were most likely marine connate in origin since 
warm solutions of meteoric origin would have produced dolo
mites exceptionally low in 0 ®̂. These connate waters were 
probably entrapped in adjacent basins and released in Late 
Pennsylvanian or Early Permian time when deformation of the 
Late Cambrian and Early Ordovician carbonates produced frac-
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tures along which these solutions could move. The tempera
tures of these late diagenetic solutions were then at least 
the same as if not greater than those of the solutions that 
deposited the limestones and produced the stratigraphie dolo
mites in Cambrian and Ordovician time.

This must mean then, that the epigenetic solutions 
were isotopically heavier than both the sea water in which 
the limestones were deposited and the early diagenetic solu
tions that produced the stratigraphie dolomites. The epige
netic solutions, although warmer, were sufficiently enriched 
in the heavy oxygen isotope with respect to normal sea water

1 pto produce dolomites enriched in 0 with respect to their 
limestone and stratigraphie dolomite precursors.

The solutions were most likely connate marine wa
ters concentrated by evaporation or ion-filtration on charged- 
net clay membranes. Alteration of the connate water could al
so occur due to diagenetic reactions with enclosing rocks. 
Degens, et al., (1964) have suggested that ion-filtration 
does not affect the isotopic ratio of the solutions, and that 
isotopic deviations from normal sea water are the results of 
mixing with magmatic or fresh waters, or of evaporation. In 
contrast, Clayton, et al., (1966) suggests that simple con
centration cannot entirely explain the isotopic composition 
of saline formational waters. The isotopic exchange between 
solutions and enclosing rocks must be considered as well.
Thus the high salinity proposed for the dolomitizing solu-
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tions could be produced by evaporation, diagenetic exchange 
of coordinated or absorbed ions with enclosing rocks, and 
selective passage of ions and water molecules through semi- 
permeable membranes (salt-sieving of DeSitter, 1947; mem
brane-filtration of White, 1965; ion-filtration on charged- 
net ciay-membranes of Degens, et al., 1964).

The oxygen isotopic ratios of both the limestones 
and stratigraphie dolomites of this study fall within the 
range of values for Paleozoic limestones reported by Keith 
and Weber (1964). These ratios also fall near the average 
for Cambrian and Ordovician limestones reported by Degens 
and Epstein (1962). The tectonic dolomites, which are of 
Late Pennsylvanian or Early Permian age, have oxygen isotop
ic ratios only slightly higher than the average for Carboni
ferous and Permian limestones reported by these authors.

The progressive increase in 0^® content with age 
as reported by Degens and Epstein (1962) reflects the iso
topic equilibration of these rocks with 0 ®̂ enriched inter
stitial connate or meteoric waters. The tectonic dolomites 
with 0^®/q16 ratios higher than their carbonate precursors 
must have been formed by solutions enriched in 0^® relative 
to the waters with which these precursors were equilbrated.

Clayton, et al., (1966) reported for 95 oil field 
brines computed temperatures that ranged from 8.7° to 142.8°C 
with a mean value of 42° C. The authors also reported a 
positive correlation between temperature, salinity, and 0--
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content. Friedman and Sanders (1967, p. 331) suggested
that all dolomites are formed by hypersaline brines. These

18observations along with the 0 enrichment previously men
tioned allow the conclusion that the epigenetic dolomitizing 
solutions were most likely warmer and more saline than 
normal ocean water.

The compositional differences between the low-iron 
tectonic dolomites from the Tishomingo anticline area and the 
ferroan tectonic dolomites from the Arbuckle anticline area 
indicate compositional differences in the dolomitizing solu
tions and possibly different source areas. The solutions in
vading the rocks of the Tishomingo anticline were low in Fe, 
Mn, Cii, and Ni and barren in Pb and Zn. Those invading the 
Arbuckle anticline rocks were lower in Cu and Ni but enriched 
in Pb, Zn, Mn, and Fe.

The enrichment in Fe of the Arbuckle anticline so
lutions offers additional information as to the nature of 
these solutions. The solubility of iron sulfide is so low 
in saline sulfide or bi-sulfide solutions that appreciable 
quantities cannot be transported. It has been suggested • 
(Bames, 1966; Helgeson, 1964; and White, 1965a, as reported 
in Jackson and Beales, 1967) that appreciable iron could be 
transported as ammonia or chloride complexes. However, 
there still remains the problem of a source for the sulfide. 
Jackson and Beales suggest local H^S-bearing carbonate rocks 
as the source of sulfide. The mixing of iron-bearing chlo
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ride solutions with sulfide-rich waters in the carbonates of 

this report could have caused the deposition of the marcasite 
and pyrite that are indicated by the brown-iron ore deposits.

Sour oil and water has been recovered from the Ar
buckle formations in areas adjacent to the study area. Sul
fur was produced at one time from associated brines recovered 
in the Madill field (John Roberts, personal communication, 
1974).

The mutual occurrence of both ferroan dolomite and 
iron sulfides indicates that either the sulfide-rich solu
tions were of limited extent or that these solutions invaded 
the rocks only after the dolomite had formed. Due to the 
lower solubility of the sulfide of iron relative to the car
bonate, pyrite rather than the carbonate would have formed 
as long as sulfide ions were present.

The late diagenetic dolomites everywhere conform 
with the local and regional structure produced in Late Penn
sylvanian and Early Permian time. These dolomite bodies are 
not offset by the faults indicating that all movement had 
ceased by the time of their formation.

By Cretaceous time, the Arbuckle Mountains had been 
deeply eroded and the present surface would have been covered 
by only a few hundred feet or less. Thus these dolomite bod
ies must have formed after the cessation of the Late Pennsyl
vanian - Early Permian deformation of the Arbuckle Mountains
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and prior to the surface exposure in Cretaceous time of the 
stratigraphie units in which they occur.

The tectonic vein dolomites occur only in the low- 
iron tectonic replacement dolomites. No vein dolomites were 
observed in limestones, stratigraphie dolomites, or ferroan 
tectonic dolomites. The veins occur in fractured and brec- 
ciated tectonic replacement dolomite. The vein-wall contacts 
are sharp with no evidence of solution of the sharp breccia 
fragments or of deposition prior to the precipitation of the 
vein dolomite.

On the basis of the proceeding evidence, the author 
concludes that the emplacement of the vein dolomites occurred 
immediately or shortly after the formation of the replacement 
dolomite. The solutions depositing the vein dolomites could 
have been either the same solutions causing the late diage
netic dolomitization or a final pulse of magnesium-r^ich solu-

T_ 8tions. However, the tectonic vein dolomites had higher 6 0-̂ 
values than the tectonic replacement dolomites. This would 
indicate for the vein solutions either a lower temperature or 
a higher 0^® content.



SUMMARY AND GENERAL CONCLUSIONS

In summary, there were found to exist between the 
stratigraphie and tectonic dolomites of this study chemical 
differences that must be the result of differences in the com
positions and/or temperatures of the early and late diagenetic 
solutions causing the dolomitization. Furthermore, the vari
ous tectonic dolomite types of this study also exhibited chem
ical differences which must reflect variations in composition 
and/or temperature for the late diagenetic solutions causing 
the tectonic dolomitization. These chemical differences, both 
isotopic and elemental, make possible the statistical charac
terization of stratigraphie and tectonic dolomites as well as 
the various tectonic dolomite types.

The linear discriminant function proved to be a val
uable multivariate method for characterizing the tectonic and 
stratigraphie dolomite groups. Additionally, when the stand
ard IBM program for the linear discriminant function is used, 
the Mahalanobis function is also generated. The func
tion provides a quantitative check on the contribution of dis
carded variables and, when used along with the Kolmogorov- ■ 
Smirnov test, can evaluate the contribution of individual

97
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variables. Based on these tests the best discriminating vari
ables were found to be 6 0^®, 6 Na, Li, Ni and Cu.

A discriminant identification program was written 
to utilize the calculated group discriminant functions to • 
classify previously unassigned dolomite samples to one of the 
various dolomite groups. Along with the group classification, 
a probability is also calculated for each assigned sample.

Of the ten trace elements studied, four proved to 
be especially good for discriminating between tectonic and 
stratigraphie dolomite in the area of study. The four ele
ments were Na, Li, Ni and Cu and, based on the Kolmogorov- 
Smirnov test, were shown to discriminate at the 99, 93, 100 
and 100% confidence levels respectively.

Two of the remaining six elements, Pb and Zn, dis
criminated at below the 0 and 16% confidence levels respec
tively and were thus judged to be of little value to the total 
discrimination. The remaining four, K, Sr, Mn and Fe discrim
inated at the 42, 27, 27 and 30% confidence levels respective
ly and were of limited use in the discriminations.

The C and 0 isotopic ratios provided excellent dis
crimination between tectonic and stratigraphie dolomite with 
S C^^ discriminating at the 99.8% confidence level and 6 0^® 
at the 98% confidence level. However, the samples selected 
for isotopic analysis were those that best fit their respec
tive groups based on the trace element data. This was neces
sary' due to the limited number of isotopic analyses available
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to the author. Thus no isotopic data are available on samples 
that either poorly fit their respective groups or were actual
ly misclassified by the computer program. Certain known tec
tonic dolomite samples were statistically classified with the 
stratigraphie dolomites on the basis of their trace element 
content. Isotopic analyses of these misclassified sançsles and 
other samples that poorly fit their respective groups should 
prove useful in understanding the parameters of early and late 
diagenetic dolomitization.

The 60^3 variation between the tectonic dolomites, 
stratigraphie dolomites, and the limestones provides insight 
into the dolomitization process. In agreement with Friedman 
and Sanders (1367) this author concludes that the carbon iso
topically equilibrated with the late diagenetic dolomitizing 
solutions as did the oxygen isotopes.

Field evidence suggests that the late diagenetic 
dolomites were formed at depth by ascending magnesium-rich 
solutions of marine connate origin. The time of formation 
postdated the Late Pennsylvanian - Early Permian deformation 
producing the Arbuckle structures and predated the Cretaceous 
near exposure of the present surface.

Petrologic and field evidence suggests that the vein 
dolomites were emplaced shortly following the late diagenetic 
replacement dolomitization. The solutions from which they pre
cipitated were either cooler or isotopically heavier than the 
proceeding solutions.*
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The compositional variability of the tectonic dolo
mites might be a result of compositional variability in the 
dolomitizing solutions, temperature variability in these solu
tions, restrictions in the reservoir size of the solutionsi 
and/or limitations on the circulation of the solutions.

The epigenetic solutions producing the tectonic do
lomites were found to vary in composition spatially and per
haps temporally. Spatial variations are evidenced in the 
trace element compositional differences between the low-iron 
and ferroan tectonic dolomites. In this latter case the dif
ferences were both-elemental and isotopic, indicating composi
tional and possibly temperature variation.

A depth of burial of 15,000 feet using present tem
perature gradients would indicate a rock temperature of around 
170-200® F. If as suggested by the author the solutions were 
entrapped at greater depths, and migrated upwards, the solu
tion temperature would have been greater than the ambient rock 
temperature. While it is impossible to assign current thermal 
gradients to past periods, there is no evidence of a high heat 
flow in the regional rocks. Thus it would be valid to use 
present thermal gradients as a first approximation.

In addition, the following general conclusions can
be stated;

1. The dolomitization of limestone results in a large 
loss of the trace constituents. In this study the 
loss was greater (or stratigraphie dolopiitization 
than for tectonic dolomitization.
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2. The Sr content is directly related to the Ca excess 
of the dolomite suggesting that Sr is progressively 
expelled from the carbonate structure along with Ca 
as dolomitization proceeds.

3. All dolomites in this study were enriched in Na 
relative to the limestones indicating that the 
dolomitization may have been produced by Na-rich 
solutions.

H. The enrichment of the stratigraphie dolomites 
relative to all other dolomites in this study may 
simply reflect a smaller amount of organic material 
in the stratigraphie dolomites and thus less

5. Potassium and to some extent lithium appear to be 
concentrated in the clay fraction of the insoluble 
residues of the low-iron tectonic and stratigraphie 
dolomites.

6. The epigenetic solutions causing dolomitization were 
enriched in and 0 ®̂ and contained enough CO2 to 
exchange with the host carbonates.

7. The epigenetic solutions were probably chloride 
brines, some of which were enriched in iron. The 
sulfide needed to produce the pyrite and marcasite 
deposits could have been in Solutions already in 
the host carbonates. The coexistence of iron 
sulfides and iron carbonates indicates either that 
the sulfide-rich waters were of limited extent or 
that they arrived after dolomitization was complete.
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TABLE 1

Major and Minor Element Analyses of Selected Dolomite Samples

Sample
Number

CaCO MgCO, FeCO,3 ^ 3  3
Recalcd. to 100%

Cb H-77-1 54.77 44.53 0.70
Cb H-77-2 54.55 44.84 0.61 Stratigraphie Dolomite
AA 2-10-1 54.60 44.90 0.50
AA 2-20-1 55.19 44.12 0.69

TA 2-2-2 55.52 44.24 0.24
TA 6—1—1 55.78 43.66 0.56 Tectonic Replacement
TA 4-3-1 56.98 42.78 0.24 Dolomite

TA 4-7-1 55.21' 42.53 2.26
AA 1-1-3 58.47 28.80 12.73 Ferroan Tectonic
AA 1-2-1 54.87 41.83 3.30 Replacement Dolomite
AA 2-3-1 55.65 42.00 2.35
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TABLE 2. Trace Element Analyses of Limestones (25)

Pb Zn Na K Li Ni Cu Sr Mn Fe

1-1-2 12 57 143 200 19 . 25 13 123 35 816
1-1-3 9 157 80 2 36 10 642 31 543
1-2-1 11 13 100 150 5 27 10 138 35 773
1-4-1 1 168 60 6 36 7 256 26 457
1-4-3 1 4 132 45 6 32 9 234 26 4812-1-1 8 4 121 75 1 36 10 267 26 5212-2-1 1 74 190 1 36 11 193 ■ 40 502
3-2-2 121 85 3 32 8 151 40 501
3-7-1 6 230 125 5 41 8 177 31 522
4-4-2 3 2 97 80 1 36 9 232 26 502
4-6-2 4 93 10.0 2 41 7 248 31 669
4-8-2 10 128 140 3 32 7 206 40 356

4-21-1 3 166 75 1 36 8 187 26 251
4-22-1 6 143 105 1 36 4 216 40 356
4-23-1 2 103 75 1 41 6 195 45 251
4-24-1 2 1 181 195 2 41 6 184 40 606
5-1-3 12 103 44 3 36 6 318 22 168
5-2-2 4 18 221 110 4 32 6 233 31 356
5-6-1 4 5 93 250 1 36 8 180 109 836
6-1-3 3 2 135 85 2 32 6 284 45 773
6-1-5 1 5 150 30 5 32 4 675 22 168
7-2-2 1 143 90 14 23 3 251 26 606
1-1-1 5 10 177 75 1 18 6 229 45 543
2-4-1 5 13 155 220 1 14 3 213 82 1,149
2-4-2 5 1 150 110 1 • 14 4 213 63 690

X 4. 36 5. 80 139.36 108.56 3.64 32 .04 7.16 251.80 39.32 535.84
s . 3.72 11.80 38.63 62.07 4.29 7. 82 2.54 130.95 19.20 228.36

CO

TA

.AA



TABLE 3. Trace Element Analyses of Stratigraphie Dolomites (17).

Pb Zn Na K Li Ni Cu Sr Mn Fe

TA 5-3-1 2 313 365 1 3 6 2 3 86 1,212
€b 1 188 45 3 2 16 54 105
€b 2 173 165 1 3 22 63 439
€b 3 238 490 3 27 54 794
€b 4 298 150 1 3 23 49 397
€b 5 196 140 1 3 32 45 376
€b 6 284 375 1 1 3 34 63 836
€b H-77-1 169 475 2 32 14 6 1,754
€b H-77-2 177 95 1 3 1 146 1,253
WSC S-1 221 150 1 3 49 100 857
WSC S-2 270 70 1 3 55 45 356
Occ 1 201 225 3 39 114 878
Occ 2 274 290 3 48 234 1,504
Occ 3 160 220 4 41 146 1,128
AA 2-2-1 252 110 5 2 3 677 3,988
AA 2-10-1 17 157 40 4 4 405 2,527
AA 2-20-1 207 100 3 4 569 2,527

X 1.00 0.12 222.24 206 .18 0.24 0.94 3.12 26 .65 176. 24 1,231
8 . 4.12 0. 49 51.15 143. 95 0.44 1.43 0.93 17. 02 191. 61 1,000

M■e



TABLE 4. Trace Element Analyses of Low-iron Tectonic Replacement Dolomites (28)

TA

Pb Zn Na K Li Ni Cu Sr Mn Fe

1-2-2 8 157 180 7 7 10 66 54 606
1-3-1 117 100 5 5 8 86 63 606
1-4-2 1 6 107 60 4 8 6 27 49 418
1-8-1 74 160 20 1 9 14 45 2,694
2-1-2 143 60 2 5 8 30 54 251
2-2-2 109 95 1 10 10 20 49 481
2-4-1 157 60 1 10 6 52 49 251
2-5-2 14 3 285 2 7 9 39 63 606
3-4-1 173 . 50 3 6 39 211 2 ,464
3-5-1 100 165 1 8 27 211 2,694
4-1-3 217 265 1 5 12 75 54 752
4-2-2 14 3 65 5 6 6 54 356
4-3-1 1 209 95 1 10 6 47 75 418
4-5-1 121 12 5 5 8 47 183 752
4-6-1 165 125 2 10 6 47 40 439
4-8-1 221 215 1 12 7 33 299 1,817
4-9-1 343 265 10 8 28 225 1,942
4-18-1 128 330 23 8 22 183 648
5-1-1 213 185 10 3 91 68 1,337
5-2-1 5 354 55 7 4 14 49 168
5-5-1 110 295 5 4 19 45 439
6-1-1 188 245 8 1 3 86 54 460
6-1-2 1 146 195 5 6 43 49 335
6-1-4 4 157 45 1 1 4 20 45 251
6-2-1 4 221 150 3 10 3 77 151 1,170
6—3—1 17 135 275 9 7 20 49 857
7-1-1 284 110 1 5 6 32 132 564
7-2-1 114 300 1 3 20 45 251

X 0.21 1.46 169. 61 163. 6 8 2. 50 6.46 6.57 40 .25 94. 57 858
s . 0.96 3.67 68.83 90. 76 4 .26 4. 82 2. 36 24. 32 72. 70 760



TABLE 5. Trace Element Analyses of Ferroan Tectonic Replacement Dolomites (26)

Pb Zn Na K Li Ni Cu Sr Mn Fe

1-5-1 146 55 1 1 7 20 664 14,614
4-7-1 4 128 65 2 5 8 22 326 7,414

4-21-2 103 70 1 12 6 30 1,536 11,482
4-23-2 161 110 1 5 4 36 497 7,411
5-4-1 10 1 187 185 2 5 6 33 165 3,675
1-1-2 35 13 513 125 2 59 3,019 11,294
1-1-3 210 153 173 70 1 6 101 3,019 17,327
1-2-1 37 313 120 7 39 2,751 11,775
1-3-1 a 10 333 45 3 70 2,751 8,705
2-1-1 5 338 175 6 33 3,333 14,092
2-3-1 6 343 260 4 41 2 ,150 7,871
2-3-lA 10 11 396 245 2 51 2,524 10 , 860
2-5-1 11 333 105 3 34 2,524 9,687
2-5-2 13 333 160 9 34 3,019 13,445
2-6-1 17 359 85 3 41 2,150 7,620
2-8-1 33 12 274 130 4 35 3,019 9,332
2-9-1 8 308 85 6 23 3,019 14,801
2-11-1 8 173 80 4 4 25 3,019 12,296
2-12-1 11 613 200 4 7 44 2,326 7,620
2-13-1 14 343 105 3 39 3,019 11,294
2-14-1 5 323 85 3 41 1,444 7,871
2-19-1 15 243 70 6 39 2,751 10,856
2-21-1 5 205 125 4 6 14 2,751 14,092
2-22-2 93 85 4 6 78 2,751 14,092
2-23-1 23 80 100 6 68 2,751 15,553
2-24-1 43 20 196 110 4 4 27 2,524 7,161

X 14.54 15. 46 269. 62 117. 31 0.27 1.88 5.04 41.42 2,300. 08 10,857
s . 43.47 29. 26 128. 48 55. 99 0.60 2. 89 1.89 19.69 933. 83 3,292

TA

AA



TABLE 6. Trace Element Analyses of Tectonic Vein Dolomites (5).

Pb Zn Na K Li Ni Cu Sr Mn Fe

TA 1 —1 —1 V 303 50 5 11 18 82 230
3-4-lv 165 55 5 7 30 234 2,109
4-1-lv 3 188 85 23 7 118 156 1,608
4-9-lv 181 95 10 4 34 386 3 ,216

4-18-lv 124 30 5 6 31 192 898

X 0 192.20 63.00 0 9.6 7 46.20 210.00 1,612
s . - 0 66. 73 26.60 0 7. 80 2.55 40.60 113.11 1,144



TABLE 7. Isotopic Analyses,

6 0l8 
Limestones

^6 0^3
Ferroan Tectonic

« 0l8

Replacement

6 cl

Do loi
TA 1-2-1 — 6 • 7 -2.9 TA 1-5-1 -2. 9 -1.6

1-4-1 -6 . 3 —1. 6 AA 1-1-3 -3.7 -1.0
2-2-1 -7.6 — 2.8 2-1-1 -3.5 -4.2

2-21-1 -5.6 -2.4
X -6.9 -2.4
s . 0.7 0.7 X -3.9 -2.3

8 . 1.2 1.4
stratigraphie Dolomites

Tectonic Vein Dolomites
C.b 3 -5.3 + 1.0
Cb 6 -5.2 + 0.9 TA 1-1-lv + 2.4 -1.3
Cb H-77-1 -8.5 + 0.1 3—4—Iv -3. 8 -2 . 3
Occ 2 -5.6 -0.9 4—18—Iv — 3.0 -1.6
/lA 2-20-1 -9.4 -0.2

X — 1.5 -1.7
X — 6.8 + 0.2 • s . 3 .4 0.5
s . 2 0.8

Tectonic Replacement Dolomites
TA 1-2-2 -4.1 -1.9

1-3-1 — 6.2 -1.9
1-4-2 -4.6 -1.9
2-2-2 -3.6 -1.2
4-1-3 -2.9 -2.1
X -4.3 —1. 8
8  . 1.2 0.4



TABLE 8.

CO

8. Trace Element and Isotopic Analyses of Friedman's Samples.

Limestones Sr Mn Fe ■ 6 0l8 6
1 1100 31 390 -7.4 -1.8
7 480 27 330 -7.5 -2.6
2 730 31 380 -.7.0 -1.5
3 980 30 290 -7.1 -1.4
4 620 28 360 -7.2 -1 . 8
6 440 29 380 -7.6 -2.6
21 480 78 66 -7.4 -3.8
17 370 52 380 -7.7 -3.9
18 500 54 450 T- 7.5 -3.8
19 480 43 400 -7.8 -3.1
X 618 40 343 -7.4 -2.6
s. 245 17 106 0.3 1.0

Dolomites
8 40-60 120 184 -7.6 -1. 3

lOw II 105 220 -6.2 -1.6
10b II 104 390 -7.1 -0.9
9 II 105 310 -3.1 -1. 9
5 II 100 460 -3.0 -2.3
20 II 102 200 -3.7 -2.2
11 II 190 560 -2.7 -2.1
12 II 200 820 -2.9 -1.9
12w II 160 310 -4.6 -1.6
13b II 14 3 380 -4.1 -1.9
14 II 154 800 -3.1 -1.8
15 II 300 540 -3.1 -2.1
16 II 108 80 -3.0 -2.8
X 40-60 145 404 -4.2 -1.9
s. 58 228 1.7 0.5



TABLE 9. Trace Element Analyses of Dolomite Samples of Undetermined Origin (24).

Pb Zn Na K Li Ni Cu Sr Mn Fe

1-5-3 1 9 217 45 1 14 6 33 913 11,086
1-5-5 5 298 675 5 1 10 21 100 1,316
3-1-1 143 465 2 6 39 109 1,942
3-2-1 196 165 2 10 7 23 165 606
3-6-1 146 175 7 8 20 183 2,276
4-1-1 284 1,325 9 1 4 45 100 2,047
4-2-1 4 284 320 2 5 6 20 96 710
4-7-2 2 318 210 2 14 6 52 216 1,817
4-7-3 157 525 4 10 6 104 54 794

4-10-1 247 180 2 14 8 39 174 836
4-lD-lA 117 200 3 18 6 55 63 314
4-11-1 1 217 215 10 6 23 142 585
4-12-1 230 60 10 7 44 183 1,065
4-13-1 1 205 450 3 5 8 94 49 710
4-14-1 1 192 400 4 5 6 68 54 669
4-15-1 139 430 5 4 47 100 1,358
4-16-1 134 165 1 14 8 61 49 209
4-17-1 1 137 270 3 14 7 91 45 272
4-19-1 308 90 1 6 41 109 460
4-20-1 3 333 45 10 6 39 151 230
4-22-2 6 387 250 1 3 6 27 68 606
4-24-2 188 220 2 7 4 65 45 356
4-24-3 6 256 385 2 7 5 120 68 1,170
2-17-1 4 261 175 3 22 1,444 4,719

ro
o

TA

AA



TABLE 10. GROUPINGS FOR HDICS 1 THROUGH 6 AND 15.
GROUP 1. 117» STRATIGRAPHIE UOLUMITES

PB ZN NA LI NI K CU SR MN FE sample

0 2 313 1 3 365 6 23 86 1212 T5-3-1
0 0 188 0 3 45 2 16 54 105 Cu-l
0 0 173 0 1 165 3 22 63 439 CB-2
0 0 238 0 0 490 3 27 54 794 C8-3
0 0 298 0 1 ISO 3 23 49 397 CC-4
0 0 196 0 I 140 3 32 45 376 C5-5
0 0 284 1 1 375 3 34 63 836 C6-6
0 0 169 0 0 475 2 32 146 1754 CBH-77-10 0 177 0 1 95 3 1 146 1253 ChH-77-2
0 0 221 1 0 150 3 49 100 857 wSC-S-10 0 270 1 0 70 3 55 45 356 wSC-S-2
0 0 201 0 0 225 3 39 114 878 OCC-10 0 274 0 0 290 3 48 234 1504 OCC-20 0 160 0 0 220 4 41 146 1128 OCC-3
0 0 252 0 5 110 2 3 677 3988 A2-2-1
17 0 157 0 0 40 4 4 405 2527 A2-10-10 0 207 0 0 100 3 4 569 2527 A2-20-1

GROUP 2. (33) LOW-FE TECTONIC DOLOMITES
PB ZN NA LI NI K CU SR MN FE SAMPLE
0 0 303 0 5 50 11 18 82 230 Tl-l-lV
0 8 157 7 7 180 10 66 54 606 Tl-2-2
0 0 117 5 5 100 8 86 63 606 Tl-3-1
1 6 107 4 8 60 6 27 49 418 T1-4-20 0 74 20 1 160 9 14 45 2694 Tl-8-1
0 0 143 2 5 60 8 30 54 251 T2-1-20 0 109 1 10 95 10 20 49 481 T2-2-2
0 0 157 1 10 60 6 52 49 251 T2-4-1
0 0 143 2 7 285 9 39 63 606 T2-5-2
0 0 173 0 3 50 6 39 211 2464 T3-4-1
0 0 165 0 5 55 7 30 234 2109 T3-4-1V
0 0 100 0 1 165 8 27 211 2694 T3-5-1
3 0 188 0 23 85 7 118 156 1608 T4-1-IV
0 0 217 1 5 265 12 75 54 752 T4-1-3
0 0 143 0 5 65 6 6 54 356 T4-2-2
0 1 209 1 10 95 6 47 75 418 T4-3-1
0 0 121 0 5 125 8 47 183 752 T4-5-1
0 0 165 2 10 125 6 47 40 439 T4-6-1
0 0 221 1 12 215 7 33 299 1817 T4-8-1
0 0 343 0 10 265 8 28 225 1942 T4-9-1
0 0 181 , 0 10 95 4 34 386 3216 T4-9-IV
0 0 128 0 23 330 8 22 183 648 T4-18-1
0 0 124 0 5 30 6 31 192 898 T4-18-1V
0 0 213 0 10 185 3 91 68 1337 T5-1-1
5 0 354 0 7 55 4 14 49 168 T5-2-1
0 0 110 0 5 295 4 19 45 439 T5-5-1
0 0 188 8 1 245 3 86 54 460 T6-1-10 I 146 0 5 195 6 43 49 335 T6-I-20 4 157 1 1 45 4 20 45 251 T6-1—40 4 221 3 10 150 3 77 151 1170 T6-2rl0 17 135 9 0 275 7 20 49 857 T6-3-10 0 284 1 5 110 6 32 132 564 T7-1-10 0 114 1 0 300 3 20 45 251 T7-2-1
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t a b l e 10 CONT'O.
GROUP 2. (28) LOW-FE TECTONIC DOLOMITES

PB ZN NA LI NI K Cu SR MN FE SAXPLE
0 8 157 7 7 180 10 66 54 606 Tl-2-2
0 0 117 5 5 100 8 86 63 606 Tl-3-1
L 6 107 4 8 60 6 27 49 418 T1 -4-2
0 0 74 20 I 160 9 14 45 2694 Tl-8-1
0 0 143 2 5 60 8 30 54 251 T2-1-2
0 0 109 I 10 95 10 20 49 481 T2-2-2
0 0 157 I 10 60 6 52 49 251 T2-4-X
0 0 143 2 7 285 9 39 63 606 T2-5-2
0 0 173 0 3 50 6 39 211 2464 T3-4-1
0 0 100 0 1 165 8 27 211 2694 T3-5-1
0 0 217 1 5 265 12 75 54 752 T4-1-3
0 0 143 0 5 65 6 6 54 356 T4-2-2
0 1 209 1 10 95 6 47 75 418 T4-3-1
0 0 121 0 5 125 8 47 183 752 T4-5-1
0 0 165 2 10 125 6 47 40 439 T4-6-1
0 0 221 1 12 215 7 33 299 1817 T4-8-1
0 0 343 0 10 265 8 28 225 1942 T4-9-1
0 0 128 0 23 330 8 22 183 648 T4-18-1
0 0 213 0 10 185 3 91 68 1337 T5-1-1
5 0 354 0 7 55 4 14 49 168 T5-2-1
0 0 110 0 5 295 4 19 45 439 T5-5-1
0 0 188 8 1 245 3 86 54 460 T6-1-1
0 1 146 0 5 195 6 43 49 335 T6-1-2
0 4 157 1 1 45 4 20 45 251 T6-1-4
0 4 221 3 10 150 3 77 151 1170 T6-2-1
0 17 135 9 0 275 7 20 49 857 T6-3-1
0 0 284 1 5 110 6 32 132 564 T7-1-1
0 0 114 1. 0 300 3 20 • 45 251 T7-2-1

GROUP 2. (22) LOW-FE TECTONIC DOLOMITES
PB IN NA LI NI K CU SR MN FE sample

0 8 157 7 7 180 10 66 54 606 Tl-2-2
0 0 117 5 5 100 8 86 63 606 Tl-3-1
1 6 107 4 8 60 6 27 49 418 Tl-4-2
0 0 74 20 1 160 9 14 45 2694 Tl-8-1
0 0 143 2 5 60 8 30 54 251 T2-1-2
0 0 109 1 10 95 10 20 49 481 T2-2-2
0 0 157 1 10 60 6 52 49 251 T2-4-2
0 0 143 2 7 285 9 39 63 606 T2-5-2
0 0 173 0 3 50 6 39 211 2464 T3-4-1
0 0 100 0 1 165 8 27 211 2694 T3-5-1
0 0 217 1 5 265 12 75 54 752 T4-1-3
0 0 143 0 5 65 6 6 54 356 T4-2-2
0 1 209 1 10 95 6 47 75 418 T4-3-2
0 0 121 0 5 125 8 47 183 752 T4-5-1
0 0 165 2 10 125 6 47 40 439 T4-6-1
0 0 221 1 12 215 7 33 299 1817 T4-8-1
0 0 343 0 10 265 8 28 225 1942 T4-9-1
0 0 128 0 23 330 8 22 183 648 T4-18-1
0 0 213 0 10 185 3 91 68 1337 T5-1-1
0 1 146 0 5 195 6 43 49 335 T6-1-2
0 4 221 3 10 150 3 77 151 1170 T6-2-1
0 17 135 9 0 275 7 20 49 857 T6-3-1
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t a b l e  10 CONT'O.
GROUP 3. (241 INEDETERMINATE DOLOMITES

PB ZN NA LI NI K CU SR MN FE sample

1 9 217 1 14 45 6 33 913 11086 Tl-5-3
0 5 298 5 1 675 10 21 100 1316 Tl-5-50 0 143 2 0 465 6 39 109 1942 T3-1-10 0 196 2 10 165 7 23 165 606 T3-2-10 0 146 0 7 175 8 20 183 2276 T3-6-10 0 284 9 1 1325 4 45 100 2047 T4-1-14 0 284 2 5 320 6 20 96 no T4-2-10 2 318 2 14 210 6 52 216 1817 T4-7-20 0 157 4 10 525 6 104 54 794 T4-7-30 0 247 2 14 180 a 39 174 836 T4-10-10 0 117 3 18 200 6 55 63 314 T4-10-1A1 0 21? 0 10 215 6 23 142 585 T4-11-1
0 0 230 0 10 60 7 44 183 1065 T4-12-1
0 1 205 3 5 450 a 94 49 710 T4-13-11 0 192 4 5 400 6 68 54 669 T4-14-10 0 139 0 5 430 4 47 100 1358 T4-15-10 0 134 1 14 165 8 61 49 209 74-16-11 0 137 3 14 270 7 91 45 272 T4—17-10 0 308 0 1 90 6 41 109 460 T4-19-13 0 333 0 10 45 6 39 151 230 T4-20-16 0 387 1 3 250 6 27 68 606 T4-22-20 0 188 2 7 220 4 65 45 356 T4-24-20 6 256 2 7 385 5 120 68 1170 74-24-30 4 261 0 0 175 3 22 1444 4719 A2-17-1

GROUP 4. (261 FERROAN TECTONIC DOLOMITES
PB ZN NA LI NI K CU SR MN FE sample

0 0 146 1 1 55 7 20 664 14614 Tl-5-1
0 4 128 2 5 65 8 22 326 7474 T4-7-1
0 0 103 1 12 70 6 30 1536 11482 T4-21-20 0 161 1 5 110 4 36 497 7411 T4-23-210 1 187 2 5 185 6 33 165 3675 T5-4-1
35 13 513 0 0 125 2 59 3019 11294 Al-1-2

210 153 173 0 1 70 6 101 3019 17317 Al-1-3
0 37 313 0 0 120 7 39 2751 11775 Al-2-1
8 10 333 0 0 45 3 70 2751 8706 Al-3-1
0 5 338 0 0 175 6 33 3333 14092 A2-1-1
0 6 343 0 0 260 4 41 2150 7871 A2-3-1
10 11 396 0 0 245 2 51 2524 10860 A2-3-IA
0 11 333 0 0 105 3 34 2524 9687 A2-5—1
0 13 333 0 0 160 9 34 3019 13445 A2-5-2
0 17 359 0 0 85 3 41 2150 7620 A2-6-1
33 12 274 0 0 130 4 35 3019 9332 A2-8-1
0 8 308 0 0 85 6 23 3019 14801 A2-9-1
0 8 173 0 4 80 4 25 3019 12296 A2-11-I
0 11 613 0 4 200 7 44 2326 7620 A2-12-1
0 14 343 0 0 105 3 39 3019 11294 A2-13-1
0 5 323 0 0 85 3 41 1444 7871 A2-14-1
0 15 243 0 0 70 6 39 2751 10856 A2-19-1
0 5 205 0 . 4 125 6 14 2751 14092 A2-21-1
0 0 93 0 4 85 6 78 2751 14092 A2-22-2
0 23 80 0 0 100 6 68 2751 15553 A2-23-1

43 20 196 0 4 . 110 4 27 2524 7161 A2-24-1

GROUP 5. (41 TECTONIC VEIN DOLOMITES
PB ZN NA LI NI K CU SR MN FE SAMPLE
0 0 303 G 3 50 1 18 82 23Ô Tl-l-lV
• 0 0 165 0 5 55 30 234 2109 T2-4-JW
3 0 188 0 23 85 118 156 1608 T4-1-1V
0 0 181 0 10 95 34 386 3216 T4-9-IV
0 0 124 0 5 30 31 192 898 T4-18-IV
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TABLE il. GROUPINGS FOR MO I SC 7, 8, and 9,
GROUP 1. (171 STRATIGRAPHIC 1

SAMPLE NA K LI NI
TA 5 3 1 313 365 1 3
CB 1 188 45 0 3Cb 2 173 165 c ICB 3 238 490 0 0Cb 4 298 150 0 1CB 5 196 140 0 1CB 6 284 375 1 1CB H 77 1 169 475 0 0
CB H 77 2 177 95 0 1WSC S 1 221 150 1 0
WSC S 2 270 70 1 0
OCC 1 201 225 0 0
OCC 2 274 290 0 0OCC 3 160 220 0 0AA 2 2 1 252 110 0 5
AA 2 10 1 157 40 0 0AA 2 20 1 207 100 0 0

cu SR
23
16
22
2723
32
34
32I
49
55
39
48
41
3
4 
4

GROUP 2. (28) LOW-FE TECTONIC DOLOMITES
SAMPLE NA K LI NI CU SR
1 2  2 157 180 7 7 10 661 3  1 117 100 5 ê 8 861 4  2 107 60 4 8 6 271 8  1 74 160 20 1 9 142 1 2 143 60 2 5 8 30
2 2 2 109 95 1 10 10 202 4 1 157 60 1 10 6 522 5 2 143 285 2 7 9 393 4 1 173 50 0 3 6 393 5 1 100 165 0 1 8 27
4 1 3 217 265 1 5 12 754 2 2 143 65 0 S 6 64 3 1 209 95 1 10 6 474 5 1 121 125 0 5 8 474 6 1 165 125 2 10 6 474 8 1 221 215 1 12 7 334 9 1 343 265 0 10 8 284 18 1 128 330 0 23 8 225 1 1 213 185 0 10 3 91
5 2 1 354 55 0 7 4 14
5 5 1 110 295 0 5 4 196 1 1 188 245 8 1 3 866 1 2 146 195 0 5 6 436 1 4 157 45 1 1 4 206 2 1 221 ISO 3 10 3 776 3 1 135 275 9 0 7 207 1 1 284 110 1 5 6 32
7 2 1 114 300 1 0 3 20
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TABLE 11 CONT'O.
GROUP 3. (24) indeterminate dolomites

sample NA K L1 NI CU SR
TA 1 5 3 217 45 1 14 6 33TA 1 5 5 298 675 5 1 10 21TA 3 1 1 143 465 2 0 6 39TA 3 2 1 196 165 2 10 7 . 23TA 3 6 1 146 175 0 7 8 20TA 4 1 1 284 1325 9 1 4 45TA 4 2 1 284 320 2 5 6 20TA 4 7 2 318 210 2 14 6 52TA 4 7 3 157 525 4 10 6 104TA 4 10 1 247 180 2 14 8 39TA 4 10 lA 117 200 3 18 6 55TA 4 11 1 217 215 0 10 6 23TA 4 12 1 230 60 0 10 7 44TA 4 13 1 205 450 3 5 • 8 94TA 4 14 1 192 400 4 5 6 68TA 4 15 1 139 430 0 5 4 47TA 4 16 1 134 165 1 14 8 61TA 4 17 1 137 270 3 14 7 91TA 4 19 1 308 90 0 1 6 41TA 4 20 1 333 45 0 10 6 39TA 4 22 2 387 250 1 3 6 27TA 4 24 2 188 220 2 7 4 65TA 4 24 3 256 385 2 7 S 120AA 2 17 1 261 175 0 0 3 22

GROUP 4. (26) FERROAN TECTONIC DOLOMITES
SAMPLE NA K LI NI CU SR

TA 1 S 146 55 1 1 7 20TA 4 7 128 65 2 5 8 22TA 4 21 103 70 1 12 6 30TA 4 23 161 110 1 5 4 36TA 5 4 187 185 2 5 6 33AA 1 1 513 125 0 0 2 59AA 1 1 173 70 0 1 6 101AA 1 2 313 120 0 0 7 39AA 1 3 333 45 0 0 3 70AA 2 1 338 175 0 0 6 33AA 2 3 343 260 0 0 4 41AA 2 3 lA 396 245 0 0 2 51AA 2 5 333 105 0 0 3 34AA 2 5 333 160 0 0 9 34AA 2 6 359 85 0 0 3 41AA 2 a 274 130 0 0 4 35AA 2 9 308 85 G 0 6 23AA 2 11 173 80 0 4 4 25AA 2 12 613 200 0 4 7 44
AA 2 13 343 105 0 G 3 39AA 2 14 323 85 0 0 3 41AA 2 19 243 70 0 0 6 39AA 2 21 205 125 c 4 6 14AA 2 22 93 85 0 4 6 78AA 2 23 80 100 0 0 6 68AA 2 24 196 110 0 4 4 27
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Table 12. groupings for mdisc 10, u ,  and 12.
GROUP 1. (51 STRATIGRAPHIC DOLOMITES

SAMPLE NA K LI NI CU SR 0 C
CB 3 238 490 0 0 3 27 -5.3 1.0
CB 6 284 375 1 1 3 3'î -5.2 0.9
CB H 77 1 169 475 0 0 2 32 -8.5 0.1OCC 2 274 290 0 0 3 48 ”5.6 -0.9AA 2 20 1 207 100 0 0 3 4 -9.4 -0.2

GROUP 2. (5) LOW-FE TECTONIC DOLOMITES
SAMPLE NA K LI NI CU SR 0 C

TA 1 2 2 157 180 7 7 10 66 -4.1 -1.9
TA I 3 I 117 100 5 5 8 86 -6.2 -1.9
TA 1 4 2 107 • 60 4 8 6 27 -4.6 -1.9TA 2 2 2 109 95 1 10 10 20 -3.6 -1.2TA 4 1 3 217 265 1 5 12 75 -2.9 -2.1

GROUP 2. (9) TECTONIC DOLOMITES
SAMPLE NA K LI NI CU SR 0 C

TA 1 2 2 157 180 7 7 10 66 -4.1 -1.9
TA I 3 1 117 100 5 5 8 86 -6.2 -1.9
TA I 4 2 107 60 4 8 6 27 -4.6 -1.9
TA 2 2 2 109 95 1 10 10 20 -3.6 -1.2TA 4 1 3 217 265 1 5 12 75 -2.9 -2.1
TA I 5 1 146 55 1 1 7 20 -2.9 -1.6
AA 1 1 3 173 70 0 1 6 101 -3.7 -1.0AA 2 I 1 338 175 0 0 6 33 -3.5 -4.2
AA 2 21 1 205 125 0 4 6 14 -5.6 -2.4

GROUP 3. (4) FERROAN TECTONIC DOLOMITES
sample NA K LI NI CU SR 0 C

TA I S 1 146 55 1 1 7 20 -2.9 -1.6
AA 1 1 3 173 70 0 1 6 101 -3.7 -1.0
AA 2 1 1 338 175 0 0 6 33 -3.5 -4.2
AA 2 21 1 205 125 0 4 6 14 -5.6 -2.4
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TABLE 13. GROUPINGS FOR MO I SC 13.
GROUP 1. 13) STRATIGRAPHIC DOLOMITES

sample FE MN SR 0 C
CB 3 794 54 27 5 3 1.0
CB 6 836 63 34 -5.2 0.9
CB H 77 1 1754 146 32 -8.5 0.1
OCC 2 1504 234 4B -5.6 -0.9
AA 2 20 1 2527 569 4 -9.4 -0.2

GROUP 2. (18) TECTONIC DOLOMITES
SAMPLE FE MN SR 0 C

8 1B4 120 50 -7.6 -1.3
10 W 220 105 50 -6.2 -1.6
10 B 390 104 50 -7.1 -0.9
9 310 105 50 -3.1 -1.9
5 460 100 50 -3.0 -2.3
20 200 102 50 -3.7 -2.2
11 560 190 50 -2.7 -2.1
12 B20 200 50 -2.9 -1.9
13 W 310 160 50 -4.6 -1.6
13 B 380 143 50 -4.1 -1.9
14 800 154 50 -3.1 -1.8
15 540 300 50 -3.1 -2.1
16 80 103 50 -3.0 -2.8

1 2  2 606 54 66 -4.1 -1.9
1 3  1 606 63 86 -6.2 -1.9
1 4 2 418 49 27 -4.6 -1.9
2 2 2 481 49 20 -3.6 -1.2
4 1 3 752 54 75 -2.9 -2.1
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TABLE 14. GROUPINGS FOR HDISC 14 AND 16.
GROUP I. (17) STRATIGRAPHIC COLUMITES

SAMPLE NA LI NI CU
TA 5 3 1 313 I 3 6
CB 1 188 0 3 2
CB 2 173 0 1 3
CB 3 235 0 C 3
Cb 4 298 0 1 3
CB S 196 • 0 1 3
CB 6 284 1 1 3
CB H 77 1 169 0 0 2
CB H 77 2 177 0 1 3
W.L S 1 221 1 0 3
WSC S 2 270 1 0 3
OCC 1 201 0 u 3
occ 2 274 0 0 3
OCC 3 160 0 0 4
AA 2 2 1 252 0 5 2
AA 2 10 1 157 0 0 4
AA 2 20 1 207 V 0 3

GROUP 2. (28) LOW-FE TECTONIC DOLOMU
SAMPLE NA LI NI CU

TA 1 2 2 157 7 7 10
TA 1 3 1 117 5 5 8
TA 1 4 2 107 4 8 6
TA 1 8 1 . 74 20 1 9
TA 2 1 2 143 2 5 8
TA 2 2 2 109 1 10 10
TA 2 4 1 157 1 10 6
TA 2 5 2 143 2 7 9
TA 3 4 1 173 0 3 6
TA 3 5 1 100 0 1 8
TA 4 1 3 217 1 5 12
TA 4 2 2 143 0 5 6
TA 4 3 1 209 1 10 6
TA 4 5 1 121 0 5 8
TA 4 6 1 165 2 10 6
TA 4 8 1 221 I 12 7
TA 4 9 1 343 0 10
TA 4 18 1 128 0 23 8
TA 5 1 1 213 0 10 3
TA 5 2 1 354 0 7 4
TA 5 5 1 110 0 5
TA 6 1 1 188 8 1 3
TA 6 1 2 146 0 5 6
TA 6 1 4 157 1 1 4
TA 6 2 1 221 3 10 3
TA 6 3 1 135 9 0 7
TA 7 1 1 284 1 5 6
TA 7 2 1 114 1 0 3
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Table 1. Listing of Discriminant Analysis Program - MDISC.

3
4
5
6 
7 
3 
9

1011
12 
13

14
15

100
C
c
c
c
c

101
103

SAMPLE MAIN PROGRAM FOR DISCRIMINANT ANALYSIS - MDISC MUISC. 1
THE FOLLOWING DIMENSION MUST BE GREATER THAN OR EDUAL TO THE MDISC 2 
NUMBER OF GROUPS, K.. HDISC 3

DIMENSION NI20»
THE FOLLOWING DIMENSION MUST BE GREATER THAN OR EQUAL TO THE MDISC 5 
NUMBER OF VARIABLES, M.. MDISC 6

DIMENSION CHEANI35:
THE FOLLOWING DIMENSION MUST BE GREATER THAN OR EQUAL TO THE MDISC 8 
PRODUCT OF M*K.. MDISC 9

DIMENSION XBARI700S
THE FOLLOWING DIMENSION MUST BE GREATER THAN OR EQUAL TO THE MDISC 11 
PRODUCT OF MCI »K.. MDISC 12

DIMENSION Cl8001
THE FOLLOWING DIMENSION MUST BE GREATER THAN OR EQUAL TO THE MDISC 14 
PRODUCT OF M»M,, HDISC 15

DIMENSION 0(12501
THE FOLLOWING DIMENSIONS MUST BE GREATER THAN OR EQUAL TO THE HDISC 17 
TOTAL OF sample SIZES OF K GROUPS COMBINED, T T N 1 CN 2 t..MDISC 18 
CN K .. MDISC 19

DIMENSION P(200),LG(20DI
THE FOLLOWING DIMENSION MUST BE GREATER THAN OR EQUAL TO THE MDISC 21 
TOTAL DATA POINTS WHICH IS EQUAL TO THE PRODUCT OF T*M.. MDISC 22

DIMENSION X 1000 MDISC 23
COMMON MX,MY

 ..MDISC 24
FORMATIA4,A2,212,1215/(101611 MDISC 25
F0RHATI////27H DISCRIMINANT ANALYSIS A4,A2//19H NUMBER OF GR^DISC 26
10UPS,7X,I3/22H NUMBER OF VARIABLES,I7/17H SAMPLE SIZES../12X, MDISC 27 
25HOROUP) • MDISC 28
FOR.VAT 12X,I3,8X,14 "DISC 29
F0RMAT(//2X1 MDISC 30
FORMATI12F6.0)
FORMAT I//6H GROUP,13,7H MEANS/I8F15.5)> MDISC 32
F0RMATI///25H POOLED DISPERSION MATRIX) MDISC 33
F0KMATI//4H ROW,I3/I8F15.5II MDISC 34
F0RMATI////13H COMMON MEANS/I8F15.5)I MDISC 35
FORMATI////33H GENERALIZED MAHALANOBIS D-SOUARE,F15.5//) MDISC 36
FORMATI//22H DISCRIMINANT FUNCTION,I3//6X,27HC0NSTANT * COEFFIMDISC 37 
1CIEMTS//F14.5,7H • ,7F14.5/I22X,7F14.5)) MDISC 38
FORMATI////60H EVALUATION OF CLASSIFICATION FUNCTIONS FOR EACH OBSMCISC 39 
lERVATION) MDISC 40
FORMAT I//6H CROUP,13/19X,27HPR0EABI LITY ASSOCIATED WITH,1IX,7HLARGMDISC .41 
1EST/13H OBSERVATION,5X,29HLARGEST DISCRIMINANT FUNCTION,RX,12HFUNMDISC 42 
2CT10N NO.) MDISC 43
FORMATI17,20X,FB.5,20X,!6) MDISC 44
F0RMATI2I2I MDISC 45

   MDISC 46
READI2,15)MX,MY MDISC 47

READ PROBLEM PARAMETER CARD MUISC 48
READIHY,llPK,PKl,K,H,INin,I>l,K) MDISC 49

PR......PROBLEM NUMBER MAY BE ALPHAMERIC MDISC 50
PRl.....PROBLEM NUMBER CONTINUED MDISC 51
K.......NUMBER OF GROUPS MDISC 52
K.......NUMBER OF VARIABLES MDISC 53
N.......VECTOR OF LENGTH K CONTAINING SAMPLE SIZES MDISC 54

IF IK) 103,101,103 
CALL EXIT
WRITE I MX,2) PR,PRI,K,M
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Table 1 cont’d.

I,N I

120
130

00 110 I ItK 
110 WRITE MX,3 

WRITE MX,4 
READ DATA

L 0
1)0 130 I 1,K 
Nl N I
DO 120 J 1,N1
READ (MY,5) (CMEANd J ), IJ>1,M)
L L€1 
N2 L-ÎU 
00 120 IJ 1,M 
N2 N2&N1 
X N2 CMEAN IJ 
L N 2
CALL OMATX K,M,N,X,XOAR,D,CMEAN

PRINT MEANS AND POOLED DISPERSION MATRIX
L 0
DO 150 I 1,K 
00 140 J 1,N 
L L&l 

140 CMEAN J XOAR L 
150 WRITE MX,6 I, CMEAN J ,J 1,N WRITE MX,7

00 170 I 1,H 
L I-K
DO 160 J 1,N
1 L&M

160 CMEAN J D L
170 WRITE MX,8 I, CMEAN J ,J 1,M 

CALL MINV D,H,DBT,CMEAN,C 
CALL 01 SCR K,H,N,X,XBAR,D,CMEAN,V,C,PiLG 

PRINT COMMON MEANS 
WRITE MX,9 CMEAN I ,1 1,M

PRINT generalized HAHALANORIS D-SOUARE 
WRITE MX,10 V

PRINT CONSTANTS AND COEFFICIENTS OF DISCRIMINANT FUNCTIONS 
Nl 1 
N2 MCI 
DO 180 1 1,K 
WRITE MX,11 
Nl NIC MCI 

180 N2 N2C MCI
I, C J ,J N1,N2

C PRINT EVALUATION OF CLASSIFICATION FUNCTIONS FO EACH
C OBSERVATION

WRITE MX,12 
Nl 1 
N 2 N 1
DO 210 I 1,K 
WRITE MX,13 1
L 0
DO 190 J N1,N2 
LLCl

190 WRITE MX,14 L.P J ,L6 J 
IF I-K 200, 100, 100 

200 Nl NICN I 
N2 N2CN ICI 

210 CONTINUE 
STOP 
END

// XEQ 1
«LOCAL,OMATX,MINV,DISCR

MDISC 56 
MDISC 57 
MDISC 58 
MDISC 59 
MDISC 60 
MDISC 61 
MDISC 62 
MDISC 63
MDISC
MDISC

65
66

MDISC 67 
MDISC 68 
MDISC 69 
MDISC 70 
MDISC 
MDISC 
MDISC 
MDISC 
MDISC 75 
HDISC 76 
MDISC 77 
MDISC 78 
MDISC 79 
MDISC 80 
MUISC 
MDISC 
MDISC 83 
HDISC 84 
MDISC 85 
MDISC 86 
MDISC 87 
MDISC 88 
MDISC 
MDISC 
MDISC 91 
MDISC 92 
MDISC 
MDISC 
MDISC 95 
HDISC 96 
MDISC 
MDISC 
MDISC 
MDISC100 
MlJiSClOl 
MB I SC 102 
MCISC103 
MDISCI04 
MUISC105 
Ml! I SC 106 
MDISC107 
MDISC108 
MDISCI09 
MDISC110 
MDISClll 
MDISC112 
MDISC113 
MDISC114 
M0I5C115

71
72
73
74

81
82

89
90

93
94

97
98
99
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TABLE 2. Results of MDISC 1.

10 Variables Generalized Mahalanobis = 620.51123

DFi = o.osemcpb) -
+ 0.02247(Ni)
- 0.00197(Mn)

DFo = 0.06796(Pb) - 
+ 0.31534(Ni)
- 0.00008(Mn)

DFo = 0.08360(Pb) - 
+ 0.41830(Ni)
- 0.00062(Mn)

DFu = 0.12731(Pb) - 
+ 0.11976(Ni) 
+ 0.00317(Mn)

0.15t483(Zn) + 0.03820(Na) - 0.05124(Li)
+ 0.00699(K) + 1.12619(Cu) + 0.05950(Sr) 
+ 0.00090(Fe) - 7.93562
0.13321(Zn) + 0.03431(Na) + 0.32S78(Li)
+ 0.00452(K) + 2.0S488(Cu) + 0.07934(Sr) 
+ 0.000il9(Fe) - 13.35627
0.16093(Zn) + 0.04187(Na) + 0.22932(Li)
+ 0.0121KK) + 1.95224(Cu) + 0 .08724(Sr) 
+ 0.00082(Fe) - 17.15810
0.28554(Zn) + 0.04666(Na) + 0.23598(Li)
+ 0.00473(K) + 1.74695(Cu) + 0.09523(Sr) 
+ 0.00258(Fe) - 29.40547

Group 1 Stratigraphie Dolomites
Sample Probability Associated with

Largest Discriminant Function

17 Samples
Largest 

Function No.

TA 5-3-1 0.60265
CB 1 0.95249
CB 2 0.94118
CB 3 0.92065
CB 4 0.94984

. CB 5 0.93072
CB 6 0.87185
CB-H-77-1 0.96717
CB-H-77-2 0.96427
WSC-S-1 0.90868
WSC-S-2 0.89695
OCC 1 0.94288
OCC 2 0.91533
OCC 3 0.86319
AA 2-2-1 0.94325
AA 2-10-1 0.94047
AA 2-20-1 0.96448
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TABLE 2. (Cont'd)

Group 2 Tectonic Dolomites 33 Samples

Probability Associated with Largest
Sample Largest Discriminant Function Function No.

TA 1-1-lv 0.82430 2
TA 1-2-2 0.85243 2
TA 1-3-1 0.88910 2
TA 1-4-2 0.91138 2
TA 1-8-1 0.97788 2
TA 2^1-2 0.90840 2
TA 2-2-2 0.88567 2
TA 2-4-1 0.78249 2
TA 2-5-2 0.61438 2
TA 3-4-1 0.52245 2
TA 3-4-lv 0.73515 2
TA 3-5-1 0.67520 2
TA 4—1—Iv 0.79352 3
TA 4-1-3 0.53638 2
TA 4-2-2 0.67144 2
TA 4-3-1 0.66067 2
TA 4-5-1 0.83015 2
TA 4-6-1 0.69605 2
TA 4-8-1 0.64786 3
TA 4-9-1 0.84780 3
TA 4-9-lv 0.38127 3
TA 4-18-1 0.81896 3
TA 4-18-lv 0.77600 2
TA 5-1-1 0.63419 3
TA 5-2-1 0.58691 1
TA 5-5-1 0.64161 1
TA 6-1-1 0.53065 2
TA 6-1-2 0.60747 2
TA 6-1-4 0.77180 1
TA 6-2-1 0.51661 3
TA 6-3-1 0.89289 2
TA 7-1-1 0.55387 2
TA 7-2-1 0.93735 1

Group 3 Indeterminate Dolomites 24 Samples

TA 1-5-3 0.99340 4
TA 1-5-5 0.92758 3
TA 3-1-1 0.46348 3
TA 3-2-1 0.65069 2
TA 3-6-1 0.63390 2
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TABLE 2. (Cont'd)

Group 3 (Cont'd)
TA 4-1-1 0.99741 3
TA 4-2-1 0.61816 3
TA 4-7-2 0.83979 3
TA 4-7-3 0.92028 3
TA 4-10-1 0.58710 3
TA 4-10-lA 0.51370 3
TA 4-11-1 0.52357 3
TA 4-12-1 0.65589 2
TA 4-13-1 0.81504 3
TA 4-14-1 0.70532 3
TA 4-15-1 0.46667 3
TA 4-16-1 0.61848 2
TA 4-17-1 0.62693 3
TA 4-19-1 0.44982 1
TA 4-20-1 0.52231 2
TA 4-22-2 0.54369 3
TA 4-24-2 0.42990 3
TA 4-24-3 0.89157 3
AA 2-17-1 0.80398 1

Group 4 Ferroan Tectonic Dolomites 26 Samples
TA 1-5-1 0.99999 4
TA 4-7-1 0.49917 2
TA 4-21-2 0.99985 4
TA 4-23-2 0.55154 1
TA 5-4-1 0.44283 3
AA 1-1-2 1.00000 4
AA 1-1-3 1.00000 4
AA 1-2-1 0.99999 4
AA 1-3-1 0.99999 4
AA 2-1-1 1.00000 4
AA 2-3-1 0.99943 4
AA 2 — 3—lA 0.99999 4
AA 2-5-1 0.99999 4
AA 2-5-2 1.00000 4
AA 2-6-1 0.99767 4
AA 2-8-1 0.99999 4
AA 2-9-1 1.00000 4
AA 2-11-1 1.00000 4
AA 2-12-1 0.99955 4
AA 2-13-1 1.00000 4
AA 2-14-1 0.98659 4
AA 2-19-1 0.99999 4
AA 2-21-1 1.00000 4
AA 2-22-2 1.00000 4
AA 2-23-1 1.00000 4
AA 2-24-1 0.99857 4
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TABLE 3. Results of MDISC 2.

10 Variables Generalized Mahalanobis = 103.47732

DFn = 0.17372(Pb) - 0.17180(Zn) + 0.04985(Na) + 0.07446(Li)
- G.03298(Ni) + 0.00565(K) + 1.17691(Cu) + 0.05802(Sr) 
+ 0.00698(Mn) +•G.00027(Fe) - 9.82284

DFo = 0.07494(Pb) - 0.01141(Zn) + 0.04179(Na) + 0.29954(Li)
+ 0.21299(Ni) + 0.00548(K) + 2.09447(Cu) + 0.08219(Sr>
+ 0.G1004(Mn) - 0.G0017(Fe) - 14.19727

DFo = G.20992(Pb) - Q.05730(Zn) + 0.05161(Na) + 0.27060(Li)
+ 0.28433(Ni) + O.G1195(K) + 2.05889(Cu) + 0.09586(Sr)
+ 0.01309(Mn) - 0.G0015(Fe) - 18.99542

Group 1 Stratigraphie Dolomites 17 Samples
Sample Probability Associated with

Largest Discriminant Function
TA 5-3-1 0.53723
CB 1 0.94843
CB 2 0.92188
CB 3 0.92393
CB 4 0.95965
CB 5 0.92288
CB 6 0.90458
CB-H-77-1 0.96060
CB-H-77-2 0.94770
WSC-S-1 0.91466
WSC-S-2 0.92870
OCC 1 0.92803
OCC 2 0.89049
OCC 3 0.80233
AA 2-2-1 0.87586
AA 2-10-1 0.92940
AA 2-20-1 0.90384

Largest 
Function No.

TA
TA
TA
TA
TA

Group 2
1-1-lv
1 - 2-2
1-3-1
1-4-2
1- 8-1

Tectonic Dolomites
0.73384
0.80805
0.84154
0.92667
0.95891

33 Samples
2
2
2
2
2
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TABLE 3. (Cont’o)

Group 2 (Cont’d)
TA 2-1-2 0.90105 2
TA 2-2-2 0.91207 2
TA 2-4-1 0.79708 2
TA 2-5-2 0.66301 2
TA 3-4-1 0.54687 2
TA 3-4-lv 0.74539 2
TA 3-5-1 0.77750 2
TA 4-1-lv 0.82056 3
TA 4-1-3 0.53821 3
TA 4-2-2 0.72933 2
TA 4-3-1 0.66965 2
TA 4-5-1 0.80668 2
TA 4-6-1 0.73623 2
TA 4—8—1 0.67353 3
TA 4-9-1 0.85232 3
TA 4-9-lv 0.38804 2
TA 4-18-1 0.69508 3
TA 4-18-lv 0.79835 2
TA 5-1-1 0.44472 3
TA 5-2-1 0.76885 1
TA 5-5-1 0.55794 1
TA 6-1-1 0.41100 1
TA 6-1-2 0.68409 2
TA 6-1-4 0.63298 1
TA 6-2-1 0.49009 3
TA 6 — 3—1 0.92311 2
TA 7-1-1 0.45855 2
TA 7-2-1 0.89564 1

Group 3 Indeterminate Dolomites 24 Samp"

TA 1—5 — 3 0.82258 3
TA 1-5-5 0.91974 3
TA 3-1-1 0.37845 3
TA 3-2-1 0.62890 2
TA 3-6-1 0.73134 2
TA 4-1-1 0.99220 3
TA 4-2-1 0.64086 3
TA 4-7-2 0.84390 3
TA 4-7-3 0.89193 3
TA 4-10-1 0.62849 3
TA 4-10-lA 0.60261 2
TA 4-11-1 0.49765 3
TA 4-12-1 0.60907 2
TA 4-13-1 0.81745 3
TA 4-14-1 0,69375 3i
TA 4-15-1 0.43630 1
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TABLE 3. (Cont’d)

Group 3 (Cont'd)
TA 4-16-1 0.67674 2
TA 4-17-1 0.61686 3
TA 4-19-1 0.50102 1
TA 4-20-1 0.61231 3
TA 4-22-2 0.55259 3
TA 4-24-2 0.42104 2
TA 4-24-3 0.87726 3
AA 2-17-1 0.91001 3

138



TABLE 4. Results of MDISC 3.

10 Variables Generalized Mahalanobis = 568.36938

DF, = 0.Q8044(Pb) -
- 0.04733(Ni)
- 0.00249(Mn)

DFo = 0.G5076(Pb) - 
+ 0.34787(Ni)
- 0.00045(Mn)

DFo = 0.07888(Pb) - 
+ 0.15228(Ni) 
+ 0.00053(Mn)

0.13891(Zn) + Q.03524(Na) + 0.04147(Li)
+ 0. 01756(K) + 0.9217KCU) + 0.05049(Sr) 
+ 0.00099(Fe) - 8.24388
O.lOOSeCZn) + 0.03007(Na) + 0.40111(Li)
+ 0.00890(K) + 1.81767(Cu) + 0.07947(Sr) 
+ 0.00040(Fe) - 12.67333
0.20S09(Zn) + 0.04846(Na) + 0.33G8lCLi)
+ 0.00915(K) + 1.19GS9(Cu) + G.06388(Sr) 
+ 0.0G3G6(Fe) - 27.77725

Group 1 
Sample

Stratigraphie Dolomites 17 Samples
Probability Associated with 
Largest Discriminant Function

Largest 
Function No.

TA 5—3—1 G.88944 1
CB 1 0.9G902 1
CB 2 0.95941 1
CB 3 0.99887 1
CB 4 0.97477 1
CB 5 0.94131 1
CB 6 0.99383 1
CB-H-77-1 0.99941 1
CB-H-77-2 0.97063 1
WSC-S-1 0.93739 1
WSC-S-2 0.87091 1
OCC 1 0.97987 1
OCC 2 0.99089 1
OCC 3 0.94039 1
AA 2-2-1 0.97324 1
AA 2-10-1 0.95518 1
AA 2-20-1 0.97999 1
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Group 2 
Sample

TABLE U. CCont’d)

Tectonic Dolomites
Probability Associated with 
Largest Discriminant Function

33 Samples
Largest 

Function No.
TA 1-1-lv 0.99741 2
TA 1-2-2 0.99991 2
TA 1-3-1 0.99932 2
TA 1-4-2 0.99507 2
TA 1-8-1 0.99976 2
TA 2-1-2 0.99334 2
TA 2-2-2 0.99961 2
TA 2-4-1 0.99543 2
TA 2-5-2 0.99194 2
TA 3-4-1 0.71249 2
TA 3-4-lv • 0.93010 2
TA 3-5-1 0.69152 2
TA 4-1-lv 0.99999 2
TA 4-1-3 0.99915 2
TA 4-2-2 0.84471 2
TA 4-3-1 0.99063 2
TA 4-5-1 0.98657 2
TA 4-6-1 0.99235 2
TA 4-8-1 0.98825 2
TA 4-9-1 0.93958 2
TA 4-9-lv 0.77165 2
TA 4-18-1 0.99986 2
TA 4-18-lv 0.94162 2
TA 5-1-1 0.81640 2
TA 5-2-1 0.53191 1
TA 5-5-1 0.83333 1
TA 6-1-1 0.68304 2
TA 6-1-2 0.84097 2
TA 6-1-4 0.64927 1

• TA 6-2-1 0.94526 2
TA 6-3-1 0.94399 2
TA 7-1-1 0.84869 2
TA 7-2-1 0.98280 1

Group 3 Ferroan Tectonic Dolomites 26 Samples

TA 1-5-1 1.00000 3
. TA 4-7-1 0.57959 3
TA 4-21-2 0.99999 3
TA 4-23-2 0.78276 3
TA 5-4-1 0.51641 1
AA 1-1-2 1.00000 3
AA > lr-1-3 1.00000 3
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TABLE 4. (Cont’d)

Group 3 (Cont’d)
AA 1-2-1 1.00000 3
AA 1-3-1 0.99999 3
AA 2-1-1 1.00000 3
AA 2-3-1 0.99891 3
AA 2 — 3—lA 0.99999 3
AA 2-5-1 0.99999 3
AA 2-5-2 1,00000 3
AA 2-6-1 0.99903 3
AA 2-8-1 0.99999 3
AA 2-9-1 1.00000 3
AA 2-11-1 1.00000 3
AA 2-12-1 0.99998 3
AA 2-13-1 1.00000 3
AA 2-14-1 0.99666 3
AA 2-19-1 0.99999 3
AA 2-21-1 1.00000 3
AA 2-22-2 1.00000 3
AA 2-23-1 1.00000 3
AA 2-24-1 0.99166 3
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TABLE 5. Results of MDISC 4.

10 Variables Generalized Mahalanobis D = 538.36963

DF^ = 0.07772(Pb) - 0.13497(Zn) + 0.03516(Na) + 0.05147(Li)
- 0.01030(Ni) + 0.01558CK) + 0.99957(Cu) + 0.05639(Sr)
- 0.00233(Mn) + 0.00090(Fe) - 8.21777

DFg = 0.04511(Pb) - 0.09848(Zn) + 0.03064(Na) + 0.44683(Li)
+ 0.49245(Ni) + 0.00765(K) + 1.87600(Cu) + 0.10296(Sr)
- 0.00030(Mn) + 0.00030(Fe) - 13.65833

DF3 = 0.07335(Pb) - 0.20098(Zn) + 0.04878(Na) + 0.31577(Li)
+ 0.33161(Ni) + 0.00575(K) + 1.19593(Cu) + 0.08385(Sr) 
+ 0.00041(Mn) + 0.00295(Fe) - 27.45286

Group 1 
Sample

Stratigraphie Dolomites
Probability Associated with 
Largest Discriminant Function

17 Samples
Largest 

Function No.
TA 5-3-1 0.88675
CB 1 0.93437
CB 2 0.97154
CB 3 0.99897
CB 4 0.98079
CB 5 0.95116
CB 6 0.99318
CB-H-77-1 0.99943
CB-H-77-2 0.98647

• WSC—S—1 0.93292
WSC-S-2 0.85218
OCC 1 0.98170
OCC 2 0.98943
OCC 3 0.94646
AA 2-2-1 0.97657
AA 2-10-1 0.98199
AA 2-20-1 0.99101
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TABLE 5. (Cont ’d)

Group 2 Tectonic Dolomites 2 8 Samples
Sample Probability Associated with Largest

Largest Discriminant Function Function No.
TA 1-2-2 0.99997 2
TA 1-3-1 0.99977 2
Ta 1-4-2 0.99628 2
TA 1—8 — 1 0.99976 2
TA 2-1-2 0.99335 2
TA 2-2-2 0.99967 2
TA 2-4-1, 0.99801 2
TA 2-5-2 0.99496 2
TA 3-4-1 0.70196 2
TA 3-5-1 0.59052 2
TA 4-1-3 0.99964 2
TA 4-2-2 0,77605 2
TA 4—3—1 0.99578 2
TA 4-5-1 0.98958 2
TA 4-6-1 0.99666 2
TA 4-8-1 0.99466 2
TA 4-9-1 0.96570 2
TA 4-18-1 0.99997 2
TA 5-1-1 0.95913 2
TA 5-2-1 0.52580 1
TA 5-5-1 0.83871 1
TA 6-1-1 0.86757 2
TA 6-1-2 0.87650 2
TA 6-1-4 0.75126 1
TA 6-2-1 0.98721 2
TA 6-3-1 0.93075 2
TA 7-1-1 0.86864 2
TA 7-2-1 0.98833 1

Group 3 Ferroan Tectonic Dolomites 26 Samples

TA 1-5-1 1.00000 3
TA 4-7-1 0.67937 3
TA 4-21-2 0.99999 3
TA 4-23-2 0.87647 3
TA 5-4-1 0.52442 2
AA 1-1-2 1.00000 3
AA 1-1-3 1.00000 3
AA 1-2-1 0.99999 3
AA 1-3-1 0.99999 3
AA 2-1-1 1.00000 3
AA 2-3-1 0.99831 3

143



TABLE 5. (Cont'd)

Group 3 (Cont'd)
AA 2-3-lA 0.99999 3
AA 2-5-1 0.99999 3
AA 2-5-2 1.00000 3
AA 2-6-1 0.99893 3
AA 2-8-1 0.98998 3
AA 2-9-1 1.00000 3
AA 2-11-1 1.00000 3
AA 2-12-1 0.99998 3
AA 2-13-1 1.00000 3
AA 2-14-1 0.99688 3
AA 2-19-1 0.99999 3
AA 2-21-1 1.00000 3
AA 2-22-2 1.00000 3
AA 2-23-1 1.00000 3
AA 2-24-1 0.99082 3
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TABLE 6, Results of MDISC 5.

10 Variables Generalized Mahalanobis = 83.40121

DF, = 0.31438(Pb) - 0.00503(Zn) + 0.05737(Na) + 0.20600(Li)
- 0.29643(Ni) + 0.01896(K) + 0.86459(Cu) + 0.06099(Sr) 
+ 0 .02049(Mn) -'0.00059(Fe) - 11.97447

DF, = 0.11264(Pb) + 0.18346(Zn) + 0.04331(Na) + 0.30432(Li)
 ̂ + 0.09503(Ni) + 0.00969(k) + 1.65S04(Cu) + 0.07241(Sr)

+ 0.01321(Mn) - 0.00014(Fe) - 12.89740

Group 1 Stratigraphie Dolomites 17 Samples
Sample Probability Associated with 

Largest Discriminant Function
TA 5-3-1 0.89485
CB 1 0.80041
CB 2 0.89427
CB 3 0.99792
CB 4 0.97487
CB 5 0.88176
CP 6 0.99469
CB-H-77-1 0.99763
CB-H-77-2 0.88348
WSC-S-1 0.93941
WSC-S-2 0.91986
OCC 1 0.96955
OCC 2 0.99625
OCC 3 0.89541
AA 2-2-1 0.99377
AA 2-10-1 0.99614
AA 2-20-1 0.99535

Group 2 Tectonic Dolomites
TA 1-1-lv 0.99117
TA 1-2-2 0.99982
TA 1-3-1 0.99770
TA 1-4-2 0.99826
TA 1-8-1 0.99913
TA 2-1-2 0.99365
TA 2-2-2 0,99982
TA 2-4-1 0.99562

Largest 
Function No.

33 Samples
2
2
2
2
2
2
2
2
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TABLE 6. (Cont'd)

Group 2 (Cont’d)
TA 2-5-2 0.99129 2
TA 3-4-1 0.89094 2
TA 3-4-lv 0.96493 2
TA 3-5-1 0.94376 2
TA 4-1-lv 0.99997 2
TA 4-1-3 0.99729 2
TA 4-2-2 0.95265 2
TA 4-3-1, 0.98772 2
TA 4-5-1 0.98269 2
TA 4-6-1 0.99261 2
TA 4-8-1 0.96513 2
TA 4-9-1 0.83002 2
TA 4-9-lv 0.85050 2
TA 4-18-1 0.99984 2
TA 4-18-lv 0.95747 2
TA 5-1-1 0.85786 2
TA 5-2-1 0.83640 1
TA 5-5-1 0.50037 2
TA 6-1-1 0.81702 1
TA 6-1-2 0.91617 2
TA 6-1-4 0.70492 2
TA 6-2-1 0.90212 2
TA 6 — 3—1 0.98902 2
TA 7-1-1 0.62749 2
TA 7-2-1 0.94413 1
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TABLE 7. Results of MDISC 6.

10 Variables Generalized Mahalanobis D^ = 83.48902

DFi = 0.28584(Pb) - 0.02778(Zn) + 0.06005(Na) + 0.19933(Li)
- 0.3G267(Ni) + 0.01620(K) + 1.04597(Cu) _ 0.04771(Sr)
+ 0.01894(Mn) - ,0.00089(Fe) - 11.74972

DFm = 0.21919(Pb) + 0.18268(Zn) + 0.04579(Na) + 0.30497(Li)z + 0.19991(Ni) + 0.00763(K) + 1.75316(Cu) + 0.07999(Sr)
+ 0.00941(Mn) - 0.00025(Fe) - 13.39734

Group 1 Stratigraphie Dolomites 17 Samples
Sample Probability Associated with Largest

Largest Discriminant Function Function No.
TA 5-3-1 0.90504 1
CB 1 0.84837 1
CB 2 0.92486 1
CB 3 0.99806 1
CB 4 0.98246 1
CB 5 0.89757 1
CB 6 0.99419 1
CB-H-77-1 0.99736 1
CB-H-77-2 0.94842 1
WSC-S-1 0.93551 1
WSC-S-2 0.90835 1
OCC 1 0.97288 1
OCC 2 0.95641 1
OCC 3 0.91088 1

' AA 2-2-1 0.99761 1
AA 2-10-1 0.99037 1
AA 2-20-1 0.99908 1

Group 2 Tectonic Dolomites 28 Samples

TA 1-2-2 0.99993 2
TA 1-3-1 0.99916 2
TA 1-4-2 0.99896 2
TA 1-8-1 0.99872 2
TA 2-1-2 0.99181 2
TA 2-2-2 0.99982 2
TA 2-4-1. 0.99825 2
TA 2-5-2 0.99341 2
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TABLE 7. (Cont'd)

Group 2 (Cont'd)
TA 3-4-1 0.88549 2
TA 3-5-1 0.90651 2
TA 4-1-3 0.99847 2
TA 4-2-2 0.91844 2
TA 4-3-1 0.99459 2
TA 4-5-1' 0.98175 2
TA 4-6-1 0.99706 2
TA 4-8-1 0.97885 2
TA 4-9-1 0.85849 2
TA 4-18-1 0.99996 2
TA 5-1-1 0.98253 2
TA 5-2-1 0.74260 1
TA 5-5-1 0.51673 2
TA 6-1-1 0.59843 1
TA 6-1-2 0.93728 2
TA 6-1-4 0.59529 2
TA 6-2-1 0.98243 2
TA 6-3-1 0.98638 2
TA 7-1-1 0.58938 2
TA 7-2-1 0.96217 1
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TABLE 8. Results of MDISC 7.

6 Variables 2Generalized Mahalanobis D = 109.07231

DF, = 0.02757(Na) + 0.0149KK) + 0.0S998(Li) + 0.06289(Ni)
+ 1.09642(Cu) + 0.05190(Sr) - 7.03948

DF, = 0.02906(Na) + 0.00750(K) + 0.44143(Li) + 0.52142(Ni)
+ 1.86834(Cu) + 0.09491(Sr) - 13.36115

DF, = 0.03820(Na) + 0.0018KK) + 0 .08725(Li) + 0.12435(Ni)
+ 1.76893(Cu) + O.G9295(Sr) - 11.76718

Group 1 Stratigraphie Dolomites 17 Samples

Sample Probability Associated with Largest
Largest Discriminant Function Function No.

TA 5-3-1 0.59646 1
CB 1 0.72215 1
CB 2 0.86613 1
CB 3 0.99372 1
CB 4 0.608Ï4 1
CB 5 • 0.71866 1
CB 6 0.94219 1
CB-H-77-1 0.99723 1
CB-H-77-2 0.86310 1
WSC-S-1 0.54059 1
WSC-S-2 0.78612
OCC 1 0.85379 1
OCC 2 0.81862 1
OCC 3 0.78605 1
ÂA 2-2-1 0.80588 1
AA 2-10-1 0.65520 1
AA 2-20-1 0.82998 1

Group 2 Tectonic Dolomites 2 8 Samples

TA 1-2-2 0.98747 2
TA 1-3-1 0.93181 2
TA 1-4-2 0.94185 2
TA 1-8-1 0.99886 . 2
TA 2-1-2 0.71877 2
TA 2-2-2 0.96354 2
TA 2-4-1 0.90764 2
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TABLE 8. (Cont’d)

Group 2 (Cont’d)
TA 2-5-2 0.94856 2
TA 3-4-1 0.68452 3
TA 3-5-1 0.45284 3
TA 4-1-3 0.83277 2
TA 4-2-2 0.40107 2
TA 4-3-1 0.88010 2
TA 4-5-1 0.69159 2
TA 4—6—1 0.94542 2
TA 4—8—1 0.96475 2
TA 4-9-1 0.82151 2
TA 4-18-1 0.99977 2
TA 5-1-1 0.85237 2
TA 5-2-1 0.71252 3
TA 5-5-1 0.87499 1
TA 6-1-1 0.73641 2
TA 6-1-2 0.58034 2
TA 6-1-4 0.46572 1
TA 6-2-1 0.92590 2
TA 6-3-1 0.77818 2
TA' 7-1-1 0.60694 3
TA 7-2-1 0.98200 1

Group 3 Ferroan Tectonic Dolomites 26 Samples

TA 1-5-i 0.66567 3
TA 4-7-1 0.74137 2
TA 4-21-2 0.96868 2
TA 4-23-2 0.42472 2
TA 5-4-1 , 0.65967 2
AA 1-1-2 0.94083 3
AA 1-1-3 0.82193 3

' AA 1-2-1 0.92130 3
AA 1-3-1 0.94000 3
AA 2-1-1 0.84091 3
AA 2-3-1 0.51383 1
AA 2-3-lA 0.56505 1
AA 2-5-1 0.68803 3
AA 2-5-2 0.92724 3
AA 2-6-1 0.82949 3
AA 2-8-1 0.62495 3
AA 2-9-1 0.88713 3
AA 2-11-1 0.40330 3
AA 2-12-1 0.97307 3
AA 2-13-1 0.74802 3
AA 2-14-1 0.76925 3
AA 2-19-1 0.87673 3
AA 2-21-1 0.47790 3
AA 2-22-2 0.57622 2
AA 2-23-1 0.64416 3
AA 2-24-1 0.41229 1
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TABLE 9. Results of MDISC 8.

6 Variables Generalized Mahalanobis D^ = 90.94477

DFt = 0.05345(Na) + Ü.00436(K) - 0.00354(Li) + 0.02G56(Ni)
+ 1.17574(Cu) + G.05164(Sr) - 8.92025

DFo = 0.0kJ31(Na) + 0.00313(K) + 0.24639(Li) + 0.26010(Ni)
+ 2.04112CCU) + G.Û7041(Sr) - 13.54G54

DF, = 0.05862(Na) + G.GG819CK) + 0.17234(Li) + 0.37189(Ni)
+ 1.96751(Cu) + G.G8044(Sr) - 17.57042

Group 1 Stratigraphie Dolomites 17 Samples
Sample Probability Associated with Largest

Largest Discriminant Function Function No

TA 5-3-1 0.52069 3
CB 1 0.94504 1
CB 2 0.91337 1
CB 3 0.89341 1
CB 4 0.92806 1
CB 5 0.90166 1
CB 6 0.83344 1
CB-H-77-1 0.95086 1
CB-H-77-2 0.94227 1
WSC-S-1 0.87533 1
WSC-S-2 0.87634 1
OCC 1 0.90958 1
OCC 2 0.88012 1
OCC 3 0.79013 1
AA 2-2-1 0.93769 1
AA 2-10-1 0.88094 1
AA 2-20-1 0.95749 1

Group 2 Tectonic Dolomites 28 Samples

TA 1-2-2 0.76012 2
TA 1-3-1 0.84768 2
TA 1-4-2 0.86062 2
TA 1-8-1 0.98597 2
TA 2-1-2 0.85902 2
TA 2-2-2 0.85785 2
TA 2-4-1 0.67583 2
TA 2-5-2 0,64466 2
XA 3-4-1 0.61653 2
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TA 3-5-1

TABLE 9. (Cont'd)

Group 2 (Cont'd) 
0.82621 2

TA 4-1-3 0.52886 3
TA 4-2-2 0.64721 2
TA 4-3-1 0.51014 2
TA 4-5-1 0.80984 2
TA 4-G-l • 0.61416 2
TA 4-8-1 0.64800 3
TA 4-9-1 0.87408 3
TA 4-18-1 0.78357 3
TA 5-1-1 0.66058 3
TA 5-2-1 0.55803 1
TA 5-5-1 0.57021 1
TA 6-1-1 0.43651 2
TA 6-1-2 0.60023 2
TA 6-1-4 0.76769 1
TA 6-2-1 0.59093 3
TA 6-3-1 0.84871 2
t a ' 7-1-1 0.42844 3
TA 7-2-1 0.90287 1

Group 3 Indeterminate Dolomites 24 Sample

TA 1-5-3 0.49371 3
TA 1-5-5 0.87302 3
TA 3-1-1 0.40490 2
TA 3-2-1 0.56200 2
TA 3-6-1 0.72905 2
TA 4-1-1 0.98235 3
TA 4-2-1 0.62177 3
TA 4-7-2 0.88926 3
TA 4-7-3 0.85909 3
TA 4-10-1 0.70802 3
TA 4—10 —lA 0.54991 3
TA 4-11-1 0.56569 3
TA 4-12-1 0.50942 2
TA 4-13-1 0.77515 3
TA 4-14-1 0.64022 3
TA 4-15-1 0.38131 1
TA 4-16-1 0.54094 2
TA 4-17-1 0.65058 3
TA 4-19-1 0.43344 1
TA 4-20-1 0.69977 3
TA 4-22-2 0.65459 3
TA 4-24-2 0.45826 3
TA 4-24-3 0.89694 3
AA 2-17-1 0.94413 1
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TABLE 10. Results of MDISC 9.

6 Variables Generalized Mahalanobis D^ = 73.85130

DFi 0.06171(Na) + 0.01130(K) + 0.09S31(Li) - 0.20131(Ni) 
+ 1.03697(Cu) + 0.02160(Sr) - 9.84435

DF. = 0.04701(Na) + 0.00518(K) + 0.31673(Li) + 0.23570(Ni)
+ 1.75606(Cu) + 0.06152(Sr) - 12.57472

Group 1 Stratigraphie Dolomites 17 Samples
Sample Probability Associated with Largest

Largest Discriminant Function Function No
TA 5-3-1 0.94275 1
CB 1 0.91542 1
CB. 2 0.94329 1
CB 3 0.99751 1
CB 4 0.98919 1
CB 5 0.93068 1
CB 6 0.99349 1
CB-H[-77-1 0.99553 1
CB-H[-77-2 0.96373 1
WSC-S-1 0.92844 1
WSC-S-2 0.92784 1
OCC 1 0.96606 1
OCC 2 0.98857 1
OCC 3 0.87175 1
AA 2-2-1 0.96660 1
AA 2-10-1 0.90441 1
AA 2-20-1 0.98318 1

Group 2 Tectonic Dolomites 2 8 Samples

TA 1-2-2 0.99975 2
TA 1-3-1 0.99939 2
TA 1-4-2 0.99396 2
TA 1-8-1 0.99917 2
TA 2-1-2 0.98760 2
TA 2-2-2 0.99953 2
TA 2-4-1 0.99622 2
TA 2-5-2 0.99298 2
TA 3-4-1 0.83238 2
TA 3-5-1 0.88663 2
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TABLE 10. (Cont'd)

Gicup 2 (Cont'd)
TA 4-1-3 0.99847 2
TA 4-2-2 0.81885 2
TA 4-3-1 0.98784 2
TA 4-5-1 0.98943 2
TA 4-6-1 0.99383 2
TA 4-8-1 0.98923 2
TA 4-9-1 0.86356 2
TA 4-18-1 0.99995 2
TA 5-1-1 0.95951 2
TA 5-2-1 0.85531 1
TA 5-5-1 0.58269 1
TA 6-1-1 0.69087 2
TA 6-1-2 0.89523 2
TA 6-1-4 0.72726 1
TA 6-2-1 0.96667 2
TA 6-3-1 0.80627 2
TA' 7-1-1 0.60335 2
TA 7-2-1 0.95547 1
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TABLE 11. Results of MDISC 10.

8 Variables Generalized Mahalanobis = 882.42151

DFi = 3.66486(Na) + 0.65013(K) - 12.73588(Li) + 66.32724(Ni)‘
- 29.49274(Cu) + 0.10836(Sr) - 107.84199(60^®)
- 1.31633(60^®) - 874.17688

DFg = 2.38278(Na) + 0.44613(K) - 7.12272(Li) + 59.55704(Ni)
- 13.40285(Cu) + G.74709(Sr) - 76.58708(60^®)
- 11.64408(60^®) - 528.51306

Group 1 Stratigraphie Dolomites 5 Samples
Sample Probability Associated with Largest

Largest Discriminant Function Function No.
OB 3 1.00000
OB 6 1.00000
OB-H-77-1 1.00000
000 2 1.00000
AA 2-20-1 1.00000

Group 2 Tectonic Dolomites 5 Samples
TA 1-2-2 1.00000 2
TA 1-3-1 1.00000 2
TA 1-4-2 1.00000 2
TA 2-2-2 1.00000 2
TA 4-1-3 1.00000 2
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TABLL 12. Results of MDiSC 11.

8 Variables Generalized Mahalanobis = 237.66961

= 0. 36286(Na) + 0 .03528(K) + 0.60395(Li) + 1.06064(Ni) 
+ 1.45624(Cu) - 0.06473(Sr) - 12.64708(60^®)
+ 18.80735(60^®) - 94,59144

DFg = 0.17756(Na) + 0.00168(K) - 0.20940(Li) + 1.25890(Ni) 
+ 2.66585(Cu) + 0.04728(Sr) - 6.48513(60^®)
+ 4.65487(60®-®) - 38. 55648

Group 1 Stratigraphie Dolomites 
Sample Probability Associated with

5 Samples
Largest 

Function No.
CB 3 1.00000 1
CB 6 1.00000 1
CB-H-77-1 1.00000 1
OCC 2 1.00000 1
AA 2-20-1 1.00000 1

Group 2 Tectonic Dolomites 9 s amp 11
TA 1-2-1 1.00000 2
TA 1-3-1 1.00000 2
TA 1-4-2 1.00000 2
TA 2-2-2 1.00000 2
TA 4-1-3 1.00000 2
TA 1-5-1 1.00000 2
AA 1—1—3 1.00000 2
AA 2-1-1 1.00000 2
AA 2-21-1 1.00000 2
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TABLE 13. Results of MDISC 12.

8 Variables Generalized Mahalanobis = 6 80.42810

= 0. 34559(Na) + 0 .02205(K) + 0.28067(Li) + 0.25328(Ni)
+ 0.90701(Cu) - O.C7564(Sr) - 11.37445(60^^)
+ 18.19091(60^3) _ 84.85502 .

DFg = - 0.00022(Na) + 0.00937(K) + 4.01269(Li) + 10.63918(Ni) 
+ 9.45664(Cu) + 0.38346(Sr) - 4.82974(60^®)
- 9.36825(60^®) - 117.87438

DFg = 0.10273(Na) + 0.00314(K) + 1.37520(Li) + 4.69243(Ni)
+ 5 .0648KOU) + 0 .17090(Sr) - 5.50938(60^®)
- 0.79576(60^®) - 46.09136

Group 1 
Sample

Stratigraphie Dolomites 5 Samples
Probability Associated with 
Largest Discriminant Function

OB 3 1.00000
OB 6 1.00000
OB-H-77-1 1.00000
000 2 1.00000
AA 2-20-1 1.00000

Group 2
TA 1-2-2 
TA 1-3-1 
TA 1-4-2 
TA 2-2-2 
TA 4-1-3

Group 3

Tectonic Dolomites
1.00000
1.00000
1.00000
1.00000
1.00000

Largest 
Function No.

5 Samples
2
2
2
2
2

Ferroan Tectonic Dolomites . 4 Samples

TA 1-5-1 1.00000 3
AA 1-1-3 1.00000 3
AA 2-1-1 1.00000 3
AA 2-21-1 1.00000 3
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TABLE 14. Results of MDISC 13.

5 Variables Generalized Mahalanobis = 148.05157

I)F^ = 0.01189(Fe) - 0.00254(Mn) + 0.19591(Sr) - 1.7492 2(60̂ ®') 
+ 3.06381(60^®) - 17.61298

DFg = - 0.00363(Fe) - 0.00005(Mn) + 0.17672(Sr)
- 2.75237(60^®) - 9.25724(60*3) - 18.08232

Group 1 
Sample

Stratigraphie Dolomites 5 Samples

OB 3 
OB 6 
OB-H-77-1 
000 2 
AA 2-20-1

Probability Associated with 
Largest Discriminant Function

1.00000
1.00000
1.00000
0.99942
1.00000

Largest 
Function No,

Group 2

TA
TA
TA
TA
TA

8
10 W 
10' B
9
5

20
11 
12
13 W
13 B
14
15
16 

1- 2-2 
1-3-1
1-4-2
2 - 2 - 2  
4-1-3

Tectonic Dolomites
■ 1.00000 
1.00000 
0.99998 
1.00000 
1.00000 
1.00000 
1.00000 
0.99999 
1.00000 
1.00000
0.99999 
1.00000
1.00000
1.00000
1.00000
1.00000
0.99996
1.00000

18 Samples
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
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TABLE 15. Results of MDISC 14.

4 Variables Generalized Mahalanobis = 62.78983

DFn = 0.06507(Na) + 0.140S4(Li) - 0.18624(Ni) + 1.08373(Cu)
- 8.84934

DFo = 0.0S181(Na) + 0.372S7(Li) + 0.24735(Ni) + 1.7S482(Cu)
- 11.42511

Group 1 Stratigraphie Dolomites 17 Samples
Sample Probability Associated with

Largest Discriminant Function
TA 5-3-1 0.76264
CB 1 0.91878
CB 2 0.91857
CB 3 0.97630
CB 4 0.98338
CB 5 0.93866
CB 6 0.97498
CB-H-77-1 0.96996
CB-H-77-2 0.92245
WSC-S-1 • 0.96307
WSC-S-2 0.98037
OCC 1 0.96187
OCC 2 0.98516
OCC 3 0.88217
AA 2-2-1 0.91739
AA 2-10-1 0.87798
AA 2-20-1 0.96468

Largest 
Function No.

Group 2
TA
TA
TA
TA
TA
TA
TA
TA
TA
TA

1- 2-2
1-3-1
1-4-2 
1- 8-1
2- 1-2 
2 - 2-2 
2-4-1
2-5-2
3-4-1 
3-5-1

Tectonic Dolomites
0.99878
0.98974
0.98821
0.99947
0.97149
0.99929
0.98086
0.99373
0.61238
0.86993

28 Samples
2
2
2
2
2
2
2
2
2
2
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TABLE 15. (Cont'd)

Group 2 (Cont'd)
Sample Probability Associated with Largest

Largest Discriminant Function Function No.
TA 4-1-3 0.99330 2
TA 4-2-2 0.84843 2
TA 4-3-1 0.95257 2
TA 4-5-1 0.96631 2
TA 4-8-1 0.98308 2
TA 4-8-1 0.99030 2
TA 4-9-1 0.92958 2
TA 4-18-1 0.99998 2
TA 5-1-1 0.72088 2
TA 5-2-1 0.82501 1
TA 5-5-1 0.69377 2
TA 6-1-1 0.68261 1
TA 6-1-2 0.84324 2
TA 6-1-4 0.78714 1
TA 6-2-1 0.82329 2
TA 6-3-1 0.91832 2
TA 7-1-1 0.52113 2
TA 7-2-1 0.86321 1
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TABLE 16. Results of MDISC 15.

10 Variables Generalized Mahalanobis = 262.92083

DFn = 0.41136(Pb) - 0.11160(Zn) + 0.07808(Na) + 0.41261(Li)
- 0.21821(Ni) + 0.00867(K) + 1.08108(Cu) + 0.04722(Sr)
+ 0.01824(Mn) - 0.00125(Fe) - 12.86262

DF. = - 0.13432(Pb) + 0.93134(Zn) + 0.03398(Na) - 0.14419(Li)
+ 1.18386(Ni) - 0.02097CK) + 3.58503(Cu) + 0.16548(Sr)
- 0.02496(Mn) + 0.00675(Fe) - 24.63765

Group 1 Stratigraphie Dolomites 17 Samples
Sample Probability Associated with Largest

Largest Discriminant Function Function No.
TA 5-3-1 0.99901 1
CB 1 0.99999 1
CB 2 0.99999 1
CB 3 1.00000 1
CB 4 1.00000 1
CB 5 0.99997 1
CB 6 1.00000 1
CB-H-77-1 1.00000 1
CB-H-77-2 0.99993 1
WSC-S-1 0.99997 1
WSC-S-2 0.99998 1
OCC 1 0.99999 1
OCC 2 1.00000 1
OCC 3 0.99957 1
AA 2-2-1 0.99998 1
AA 2-10-1 1.00000 1
AA 2-20-1 1.00000 1

Group 2 Tectonic Dolomites 22 Sampl<

TA 1-2-2 1.00000 2
TA 1-3-1 1.00000 2
TA 1-4-2 1.00000 2
TA 1-8-1 0.99999 2
TA 2-1-2 0.99990 2
TA 2-2-2 1.00000 2
TA 2-4-1 0.99999 2
TA 2-5-2 0.999-98 2
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TABLE 16. (Cont'd)

Group 2 (Cont'd)
Sample Probability Associated with Largest

Largest Discriminant Function Function No.
TA 3-4-1 0.99999 2
TA 3-5-1 1.00000 2
TA 4-1-3 1.00000 2
TA 4-2-2 0.96290 2
TA 4-3-1 0.99998 2
TA 4-5-1 0.99995 2
TA 4-6-1 0.99999 2
TA 4-8-1 0.99998 2
TA 4-9-1 0.99978 2
TA 4-18-1 1.00000 2
TA 5-1-1 0.99999 2
TA 6-1-2 0.99130 2
TA 6-2-1 0.99995 2
TA 6-3-1 0.99998 2
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TABLE 17. Results of MDISC 16.

4 Variables Generalized Mahalanobis = 123.40965

DF, = 0.08139(Na) + 0.22U44(Li) - 0.09836(Ni) + 1.18730(Cu) 
- 10.97576

DF„ = O.Q5677(Na) + 0.46757(Li) + 0.623Q3(Ni) + 2.66338(Cu) 
 ̂ - 17.17649

Group 1 Stratigraphie Dolomites
Sample Probability Associated with

17 Samples
Largest 

Function No.

TA 5—3—1 0.93954 1
CB 1 0.99702 1
CB 2 0.99555 1
CB 3 0.99956 1
CB 4 0.99979 1
CB 5 0.99746 1
CB 6 0.99962 1
CB-H-77-1 0.99945 1
CB-H-77-2 0.99596 1
WSC-S-1 0.99915 1
WSC-S-2 0.99974 1
OCC 1 0.99891 1
OCC 2 0.99981 1
OCC 3 0.98707 1
AA 2-2-1 0.99739 1
AA 2-10-1 0.98610 1
AA 2-20-1 0.99906 1

Group 2 Tectonic Dolomites 22 S amp:

TA 1-2-2 0.99998 2
TA 1-3-1 0.99941 2
TA 1-4-2 0.99872 2
TA 1-8-1 0.99997 2
TA 2-1-2 0.99771 2
TA 2-2-2 0.99999 2
TA 2-4-1 0.99786 2
TA 2-5-2 0.99987 2
TA 3-4-1 0.61310 2
TA 3-5-1 0.97740 2
TA 4-1-3 . 0.99995 2
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TABLE 17. (Cont'd)

Group 2 (Cont'd)
Sample Probability Associated with Largest

Largest Discriminant Function Function No.
TA 4-2-2 0.93350 2
TA 4-3-1 0.99236 2
TA 4-5-1 0.99784 2
TA 4-8-1 0.99796 2
TA 4-8-1 0.99944 2
TA 4-9-1 0.98630 2
TA 4-18-1 1.00000 2
TA 5-1-1 , 0.52424 2
TA 6-1-2 0.92877 2
TA 6-2-1 0.65237 2
TA 6-3-1 0.94765 2
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Table 18. Listing of Discriminant Identification Program - DSCID=

•NAME DSCID

PROGRAM TO CALCULATE DISCRIMINANT 
FUNCTIONS USING DISCRIMINANT COEF
FICIENTS, SELECT THE LARGEST FUNCTION, AND COMPUTE ASSOCIATED 
PROBABILITIES FOR ALL FUNCTIONS. USES AS INPUT THE DATA AND ÜUTUT FROM IBM DISCRIMINANT ANALYSIS

C -DIMENSIONED FOR 100 OBSERVATIONS, 20 GROUPS, 25 VARIABLES
DIMENSION 0CI20,25),CI20),0BSVNn00,25),DF(20,100),NRP(100),0FUNC(
IIOOJ,PL(100I,NPRG(6)

C -READ THE PROGRAM I.D., NO. DF OBSERVATIONS, NO. VARIABLES, AND NO. OF 
C -GROUPS.

READ (2,101) (NPRG(L),L=1,6),M,N,K
C -READ the GROUP DISCRIMINANT COEFFICIENTS, ONE SET FOR EACH GROUP
C -THE CORRECTION CONSTANT IS READ FIRST, ONE FOR EACH GROUP

no 1 1*1,K
RFAO (2,102) C(I),(0C(I,J),J*1,N)

1 CONTINUE
C -READ THE INPUT DATA

DO 5 J»l,M
READ (2,103) (OBSVN(J,I),I*l,N)

5 CONTINUE
C -calculate the DISCRIMINANT FUNCTION, ONE FOR EACH GROUP PER OBSERVATION

DO 15 L»1,K
DO 2 1*1,M

2 DF(L,I)*0
15 CONTINUE

no 17 1*1,M
DO 4 L=1,K
DO 3 J*1,N

3 DF(L,I)=DC(L,J.)#OBSVN(I,U)*DF(L,I)
4 DF(L,I)=OF(L,I)+C(L)
17 CONTINUE
C -CALCULATE THE LARGEST DISCRIMINANT FUNCTION FOR EACH OBSERVATION

DO 30 1*1,M
L=K-1
SUM=DF(l,n 
NRP(I)*l no 20 J*l,L
IF (SUM-DF(J+l,I)) 10,20,20

10 SUM=DF(J*1,I)
NRP(I)=J+1 

20 CONTINUE
30 DFUNC(I)*SUM
C -CALCULATE THE PROBABILITY ASSOCIATED WITH THE LARGEST DISCRIMINANT
C -FUCTIUN FDR EACH OBSERVATION

DO 60 1*1,M
PG*0.0 
DO 50 J*1,K

■>0 PG=PG*EXP( DF ( J, II-DFUNC (1*1
60 PL(I)=1/PG

WRITE (5,104) NPRG 
DO 70 1*1,M

70 WRITE (5,105) I,NRP(I),DFUNC(I),PL(1»
CALL EXIT

101 FURMAT (6A1,13,212)
102 F0I5HAT (8F10.5/3F10.5)
103 FORMAT (10F6.0)
104 FORMAT (1H116X,14HPR0GRAM T.D. -4X,6A1/////19X,20HGR0UP NO. OF LA 

RGFSTBX,20HLARGEST O'l SCRIHINANT9X,27HPROBABILITY ASSOCIATED WITH/1 
2H OBSERVATI0N6X,21HDISCRIMINANT FUNCTI0N6X,24HFUNCTI0N FOR OBSERV 
AriUN6X,29HLARGEST DISCRIMINANT FUNCTI0N/12H---------- 6X,21H----

105 FORMAT (5X, 13,20X,11,23X,F10.5,24X,F7.5)
END

IRC



TABLE 19. Results of DSCID 1.

Sample
Group No. of Largest

Discriminant Function
Largest Discriminant 

Function for Observation
Probability Associated

with Largest
Discriminant Function

TA

cno>

1-5-3 3 29.63464 0 . 99999
1-5-5 1 24.50050 D.58496
3-1-1 1 13.84820 0 . 94546
3-2-1 2 15 .05999 0.99426
3-6-1 2 13.29618 0.94456
4-1-1 1 31.02982 0.99981
4-2-1 1 14.75912 0.55672
4-7-2 2 22 . 37304 0.99774
4-7-3 2 24.06616 0.99705

4-10-1 2 22.29688 0.99973
4-10-lA 2 18.65541 0.99995
4-11-1 2 13.36298 0.94933
4-12-1 2 16.69931 0.99692
4-13-1 2 24.65422 0.99150
4-14-1 2 18 .02206 0.93174
4-15-1 1 11.05817 0.87923
4-16-1 2 20.38750 0.99993
4-17-1 2 23.45535 0.99995
4-19-1 2 12.54241 0.51223
4-20-1 2 17.24710 0.99069
4-22-2 1 17.73974 0.77376
4-24-2 2 12.41556 0.92699
4-24-3 2 22.94655 0.98433

2-17-1 1 8.26748 0.93039



TABLE 20. Results of DSCID 2.

TA

O)
«.I

Group No. of Largest Largest Discriminant
Probability Associated 

with Largest
imp le Discriminant Function Function for Observation Discriminant Function

1-5-3 2 15.36573 0.96141
1-5-5 2 23.76629 0.50958
3-1-1 1 12.55875 0 .90039
3-2-1 2 14.93047 0.94129
3-6-1 2 12 .68896 0 . 80365
4-1-1 1 27.87002 0.99888
4-2-1 2 13 .89008 0 .46720
4-7-2 2 21.78302 0 .97368
4-7-3 2 23.19935 0.99260

4-10-1 2 21.99761 0.98634
4-10-lA 2 18.67880 0.99922
4-11-1 2 13.16452 0.84908
4-12-1 2 16.24126 0.79912
4-13-1 2 23.77079 0.94548
4-14-1 2 17.25510 0.87723
4-15-1 1 10.34347 0 . 85554
4-16-1 2 20.24792 0.99269
4-17-1 2 22.98442 0.99779
4-19-1 3 14.71020 0.90710
4-20-1 2 16 .77905 0.56232
4-22-2 3 17.05227 0.68925
4-24-2 2 11.92743 0.79712
4-24-3 2 22.22940 0.90992
2-17-1 1 7.19659 0.77840



• TABLE 21. Results of DSCID 3.

Group No. of Largest
Sample Discriminant Function

Largest Discriminant 
Function for Observation

Probability Associated
with Largest

Discriminant Function

TA

O)
00

1-5-3 2 20.82790 0.99947
1-5-5 1 29.81961 0.87650
3-1-1 1 13.24166 0.85250
3-2-1 2 14.95852 0.97993
3-6-1 2 12.80072 0.98667
4-1-1 1 34.66374 0.99998
4-2-1 1 18.93349 0.82549
4-7-2 2 22 .79695 0.99109
4-7-3 2 20.16396 0.99058
4-10-1 2 21.26808 0.99821
4-10-lA 2 13.43210 0.99995
4-11-1 2 13.94652 0.91538
4-12-1 2 16 .83871 0 .99255
4-13-1 2 23.34816 0.96415
4-14-1 2 17.18412 0 .80329
4-15-1 1 9.16149 0 .63179
4-16-1 2 16.41468 0.99992
4-17-1 2 18.77547 0.99987
4-19-1 1 17.78798 0.81550
4-20-1 2 19.85272 0.90501
4-22-2 1 24.85853 0.96233
4-24-2 2 11.44552 0.90390
4-24-3 2 23.07980 0.98025
2-17-1 1 33.98417 0.99999



TABLE. 22 . Results of DSCID 4.

Sample
Group No. of Largest

Discriminant Function
Largest Discriminant 

Function for Observation
Probability Associated

with Largest
Discriminant Function

TA

CD
CO

1-5-3 2 14.04259 0 .99690
1—5 — 5 1 27.27125 0.84139
3-1-1 1 11.48951 0.79641
3-2-1 2 14.19177 0.98437
3-6-1 2 12.12401 0.97497
4-1-1 1 28.43012 0.99963
4-2-1 1 17.13516 0.75449
4-7-2 2 21.13091 0.98609
4-7-3 2 18.08370 0.99580

4-10-1 2 20 . 35016 0.99835
4-10-lA 2 13.07419 0.99991
4-11-1 2 13 .04846 0.91425
4-12-1 2 15 .9 046 7 0 .99082
4-13-1 2 21.35337 0.97929
4-14-1 2 15.68833 0.89081
4-15-1 1 7.74886 0.61482
4-16-1 2 15.99704 0.99985
4-17-1 2 17.40497 0.99988
4-19-1 1 17.08543 0.80541
4-20-1 2 18.60534 0.91218
4-22-2 1 23.15880 0.95366
4-24-2 2 10.70915 0.89404
4-24-3 2 19.90019 0.95426
2-17-1 1 I 11.82556 0.99007



TABLE 2 3., Results of DSCID 5.

Sample
Group No. of Largest

Discriminant Function
Largest Discriminant 

Function for Observation
Probability Associated

with Largest
Discriminant Function

TA

•vj
o

1-5-3 2 14.18204 ! 0.99242
1 — 5—0 2 23.67266 0.85537
3-1-1 2 7.25777 0.50466
3-2-1 2 14.23202 0.98691
3 — 6—1 2 11.90915 0.98000
4-1-1 1 15.04407 0.75683
4-2-1 2 15.79973 0.57858
4-7-2 2 19.78742 0.97743
4-7-3 2 11.20175 0.99036

4-10-1 2 19.61855 0 . 99765
4-10-lA 2 10.73558 0.99977
4-11-1 2 12 . 82007 0.94830
4-12-1 2 15 .24842 0.96795
4-13-1 2 15.58895 0.94972
4-14-1 2 11.77835 0 . 88089
4-15-1 2 4.03250 0.60668
4-16-1 2 13.39145 0.99933
4-17-1 2 12.53720 0.99915
4-19-1 1 17.50835 0.90022
4-20-1 2 18.83004 0.79755
4-22-2 1 22.41693 0.89548
4-24-2 2 7.81103 0.75304
4-24-3 2 13.08893 0.70771
2-17-1 1 11.38511 0.98242



TABLE 21t. Results of DSCID 6.

Probability Associated
est
Function

H*

Sample
Group No. of 

Discriminant
Largest

Function
Largest Discriminant 

Function for Observation
with Largi 

Discriminant

TA 1-5-3 2 85.48297 1.00000
1-5-5 1 29.52571 0.99936
3-1-1 1 11.04830 0 . 92515
3-2-1 2 18.98593 0.99618
3-6-1 2 27.72584 1.00000
4-1-1 1 30 . 00957 1.00000
4-2-1 1 21.76050 0.99998
4-7-2 2 36.90114 0.99999
4-7-3 2 23.68153 0.99986

4-10-1 2 32.70037 0.99999
• 4-10-lA 2 ,27.17950 1.00000
4-11-1 2 15.65236 0 . 88564
4-12-1 2 28.75552 0.99999
4-13-1 2 27.11462 0.99903
4-14-1 1 16.41362 0.85522
4-15-1 1 7.29769 0.82079
4-16-1 2 31.84767 1.00000
4-17-1 2 31.22953 1.00000
4-19-1 1 21.58375 0.99958
4-20-1 1 23. 37493 0.61250
4-22-2 1 29.99217 1.00000
4-24-2 2 11.51193 0.67281
4-24-3 2 33.55741 0.99999

AA 2-17-1 1 33.30898 1.00000



TABLE 25. Results of DSCID 7

Group No. of Largest
Sample Discriminant Function

Largest Discriminant 
Function for Observation

Probability Associated
with Largest

Discriminant Function

TA 1-5-3 2 20.31286 0.99947
1-5-5 2 29.33564 0.95522
3-1-1 1 8.33568 0.61742
3-2-1 2 19.75952 0.99899
3-6-1 2 16 . 78017. 0 .99905
4-1-1 1 18.90979 0.98878
4-2-1 1 19.31987 0.58494
4-7-2 2 26.51420 0.99509
4-7-3 2 15.81725 0.99896

4-10-1 2 27.81029 0.99995
4-lG-lA 2 18.06312 0.99999
4—11—1 2 17.35317 0.98819
4-12-1 2 20.75457 0 . 99625
4-13-1 2 20.28625 0 . 99181
4-14-1 2 14 .68905 0.91744
4-15-1 1 4.69484 0.55271
4-16-1 2 20.92771 0.99999
4-17-1 2 19.36978 0.99998
4-19-1 1 21.21779 0.98668
4-20-1 2 23.93849 0 . 82795
4-22-2 1 27.67532 0.98969
4-24-2 2 9.44613 0.62504
4-24-3 2 15.96987 0.57760
2-17-1 1 13.92892 0.99975



TABLE 26. Results of DSCID 8.

(O Group No. of Largest 
Sample Discriminant Function

Largest Discriminant 
Function for Observation

Probability Associated
with Largest

Discriminant Function

TA. 5-2-1 1 21.45301 0.99998
5-5-1 1 2.68632 0.98932
6-1-1 1 14.73734 0.99998
6-1-4 1 5 . 30984 0.92893
7-1-1 1 19,28754 0.97036
7-2-1 1 3.74679 1.00000
1—1—Iv 2 32 .44882 0.99976
3—4—1V 2 24.18970 0 .99999
4-1-lv 2 58.37601 1.00000
4-9-lv 2 23.39904 0.99999

4-18-lv 2 12.77529 0.99843
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TABLE 1. Values of for Pb, Zn, Mn, and Fe of the 10 Variable Groupings and for
All Variables of the 8 Variable Groupings.

dfi [between Stratigraphie Dolomites (17) and Tectonic Dolomites (28)]

_  Pb 0.06
C, Zn . 0.19
^  Mn 0.21

Fe 0.22

d^ [between Stratigraphie Dolomites (5) and All Tectonic Dolomites(9)]

Na 0.47
K 0.69
Li 0.47
Ni 0.78
Cu 1.00
Sr 0.44

« 0l8 0.78
4 (.13 1.00
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