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in the composition of the connate pore waters to take place
which resulted in the initial precipitation of zoned equant
mosaic calcite cements (Figure 9) (Fontana, 1983; Moore,
in press). During burial, Mg-SO04-K rich basinal brines
migrated out of the Louann Salt into the upper Smackover
grainstones (Carpenter and Trout, 1978; Carpenter, 1978).
Precipitation of the zoned calcite continued as the zoned
nature of the calcite reflecfs precipitation from a fluid
as the fluid changes compositionally. The large spread
of homogenization and final melting data indicate precipitation
of the zoned calcite throughout and following compaction
under widely varying temperature conditions and from fluids
of widely varying salinity (Figures 24, 25, and 27) . Successive
zones within the zoned mosaic calcites from southwestern
Arkansas show a range in oxygen isotopic composition of
-4.5 to -8.0 9/45, (PDB) from older to YOunger‘zones (Moore,
in press). Dickson and Coleman (1980) established such
a trend in zoned equant calcite and concluded calcite cemen-
tation occurred over a range of temperatures during progressive
burial. An evaluation of homogenization temperatures reveals
that the post-compaction, zoned calcite temperature population
is not statistically distinct from the precompaction, bladed
calcite temperature population, indicatingphysical readjustment
of the bladed calcite under the temperature conditions
at which zoned calcite precipitated (see Appendix L; Table

L-8a). Final melting temperature populations for the zoned
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calcite and the bladed calcite are statistically separate
populations with bladed calcites showing higher final melting
points and thus, lower fluid salinities (see Appendix L;
Table L-8b). The lower salinities for the bladed calcite
may indicate physical readjustment began slightly earlier
than zoned calcite cementation.

Non-fabric-selective, partial replacement dolomitization
began after the onset of grain-grain pressure solution
and continued throughout and following compaction (Figure
9) (Stamatedes, 1982). Homogenization data for the post-
compaction, non-fabric-selective dolomite 6verlap with
the homogenization data for the post-compaction, =zoned
equant mosaic calcite (Figure 24). Temperature populations
of homogenization for the non-fabric-selective dolomite
and the zoned calcite are not statistically distinguishable
(see Appendix L; Table L-18a). ' Final melting temperatures
indicate non-fabric-selective dolomite precipitated from
very saline fluids (Figure 27). ' The dolomite occasionally
shows compositional zoning, reflecting that the dolomitization
occurred in the presence of a fluid that was evolving composi-
tionally. Temperature populations for final melting for
the non-fabric-selective dolomite and the zoned calcite
are statistically separate with the dolomite showing higher
salinities (see Appendix L; Table L-18b). The final melting
data indicate that dolomitization occurred from'evolving,

highly saline brines possibly responsible for the late



72
stages of zoned equant mosaic calcite cementation.

The basinal brines from the Louann Salt which migrated
into the upper Smackover during burial were sulfate rich
and were responsible for the precipitation of post-compaction,
replacement anhydrite and celestite (Moore and Druckman,
1981). Petrographically, anhydrite and celestite appear
to have precipitated during and following compaction and
can be seen replacing carbonate grains and cements (Figure
9) (Stamatedes, 1982; Fontana, 1983). Temperature populations
of anhydrite and celestite for homogenization and for final
melting are not statistically distinct from the temperature
populations for zoned equant mosaic calcite and non-fabric-
selective dolomite (see Appendix L; Tables L-2@0 and L-22).
The temperature data seem to indicate that the non-fabric-
selective dolomite, zoned equant mosaic calcite, anhydrite,
and celestite all formed during approximately the same
period of burial. The four phases appear to be associated
with grain-grain pressure solution and the initial influx
of Louann-type basinal brines.

Petrographically, unzoned poikilitic calcite appears
to be a post-compaction, late-diagenetic cement occurring
after zoned calcite. cementation and non-fabric-selective
dolomitization (Figure 9). Petrographically, the relative
timing of anhydrite and celestite precipitation and,poikilitic
calcite precipitation is equivocal. Temperature data indicate

poikilitic calcite precipitation at high temperatures and
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from highly saline fluids. The unzoned nature would reflect
precipitation from a compositionally stable fluid. Precipi-
tation of the poikilitic calcite most likely occurred
simul taneouly with the completion of the replacement of
the original upper Smackover connate pore water system
by the influx of Louann brines . Homogenization and final
melting temperature populatiops for the unzoned poikilitic
calcite are statistically separate from the temperature
populations for the zoned equant mosaic calcite (see Appendix
L; Table L-15, a and b). Temperature populations for the
unzoned poikilitic calcite and the non-fabric-selective
dolomite are not statistically separate‘(éee Appendix L;
Table L-19, a and b). A multiple range test indicates
that the final melting data for the two are significantly
different, but this is not observed with the analysis of
variance. Temperatures of homogenization for anhydrite
and celestite are statistically distinct from the temperatures
of homogenization for poikilitic calcite (see Appendix
L; Tables L-23a and L-24a). Temperatures of final melting
for anhydrite, celestite, and poikilitic calcite are not
statistically distinguishable (see Appendix L; Tables L-23b
and L-24b). Temperature data indicate that unzoned poikilitic
calcite cementation occurred predominantly after the precipi-
tation of non-fabric-selective dolomite, zoned calcite,
anhydrite, and celestite. Precipitation of the poikilitic

calcite possibly overlapped with the latest stages of non-
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fabric-selective dolomitization. Temperature data indicate
thatunzonedpoikiliticcalcitecementationpossiblfoverlapped
with the earliest stages of baroque dolomite precipitation.

Baroque dolomite occurs as the latest diagenetic mineral
phase as a post—compaction, poikilitic/void-£fill cement
(Figure 9). Temperature data indicate precipitation from
a very hot, very saline brine (Figures 24 and 27). Homogeni-
zation data for baroque dolomite appear to be significantly
different from the homogenization data for unzoned poikilitic
calcite (Figure 24), but the small number of temperatures
does not allow for an analysis of variance. A multiple
range test reflects a significant difference between the
homogenization temperatures of the two phases (see Appendix
L; Table L-5a). The one final melting temperature for
baroque dolomite overlaps with the finai melting temperatures
for unzoned poikilitic calcite and non-fabric-selective
dolomite. Stfontium‘isofopidldata can also be used to
establish the paragenesis of baroque ddiomite»relative
to unzoned poikilitic calcite (Moore, in préss). Strontium
isotopic data indicates baroque’doiomite‘post-dates the
unzoned poikilitic calcite (Stueber and Pushkar, 1982;
Moore, 1in press). The temperature data sﬁpport the late-
diagenetic origin for baroque dolomite discussed by Radke
and Mathis (198¢) and compare favorably‘with the experi-
mental data of Gregg (1982) which indicate barogque dolomite

formation at high temperatures. The significant elevation
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of homogenization temperatures for baroque dolomite relative
to the earlier diagenetic phases (Figure 24) may, however,
reflect the presence of methane within the inclusion.
Aliphatic acid anions, commonly present in formation waters
(Carothers and Kharaka, 1978) and thus, possibly present
in fluids trapped within inclusions, undergo thermal
decarboxylation at temperatures of 88° to 200°C and produce
bicarbonate and methane (Hanor, 1980) (see Pressure Correction
section). The in situ production of methane within the
inclusion will increase internal pressures within the inclusion
and will result in elevated homogenization temperature

determinations.

Inclusions from Arkansas Versﬁs Inclﬁsions from Texas

Plots of final melting temperature versus homogeni-
zation temperature are used to compare temperature data
for post-compaction phases which are present in Arkansas
and in Texas (Figures 29-31). The plots reflect the presence
of statistically distinct temperature populations for
lower—temperature2,lower-salinity3 zoned calcites and for
higher—temperaturez, highef-salinity3 unzoned calcites
in Arkansas and in Texas (Figures 29 and 31) (éee Appendix
L; Tables L-14 and L-15). Temperature populations for

each of the post-compaction diagenetic phases in Arkansas

2T7emperature of homogenization
3pecreasing final melting temperatures correspond
with increasing fluid salinities.
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are not statistically distinguishable from the temperature
populations for the same diagenetic phases in Texas (Figures
29-31) (see Appendix L; Tables L-9, L-10, L-16, L-21, and
L-25). The only exception is unzoned poikilitic calcite.
Final melting temperatures for poikilitic calcite in Arkansas
are statisticallytiifferent from the final mélting temperatures
for poikilitic calcite in Texas (see Appendix L; Table
L-10b, L-16b, and L-25b). The temperature data indicate
that poikilitic calcite precipitated from less saline fluids
in Texas and from more saline fluids in Arkansas.

In‘general, late-diagenetic mineral phases within
the upper Smackover in southwestern Arkansas and northeastern
Texas precipitated under conditions becoming progressively
warmer and more saline during burial. ‘Statistically distinct
temperature popuiations representing individual diagenetic
events reflect the changing physical and chemical conditions
during burial in Arkansas and in Texas (Table 2) (see
Appendix L; Table L-15).

In general, upper Smackover carbonates encountered
slightly warmer temperatures and slightly less saline fluids
in northeastern Texas during progressive burial as compared
to southwestern Arkansas (Table 2) (the warmer temperatures
are not statistically recognizable) (see Appendix L; Tables
L-10b, L-16b, and L-25b for statistically distinct salinities).
These slight differences in temperature data noted above

from Arkansas as compared to the temperature data from
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Texas fqr specific diagenetic mineral phases may reflect
differences in the rate of burial or in the thermal history
of the upper Smackover in the two areas. Temperature
differences may also reflect variations in upper Smackover
pore water chemistry before, during, and following the
migration of basinal brines into the upper Smackover grainstones

in each area.

FLUID SALINITY AND COMPOSITION

Composition and salinity of the fluid trapped within
a two-phase fluid inclusion can be inferred from the initial,
intermediate, and final melting temperatures determined
during freezing analyses. Final melting points above the
eutectic melting point of aqueous NaCl (-20.80C) correlate
to weight percent NaCl. Weight percent NaCl can be calculated
from the freezing point depression by means of an equation
presented by Potter, Clynne, and Brown (1977). Below the
eutectic; ice, hydrohalite (NaCl-2H;0), and vapor co-exist
(Crawford, 1981). Final melting points below the eutectic
indicate the presence of other chloride species in addition
to NacCl. Eutectic melting points for chloride species
in aqueous solution are given in Table 3. |

Final melting points range from -33.4° to -13.59°C,
corresponding to salinities of approximately 17 to 27 weight
percent NaCl. Initial and intermediate melting temperatures

determined during cooling analyses (Table 4) can be correlated
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Table 3. PHASE DATA FOR AQUEOUS SOLUTIONS OF CHLORIDE

SPECIES
oc
Dissolved Species Eutectic Eutectic
Temperature Composition
KC1 ~10.6 19.7 % KC1
SrClsp -18.7
NaCl -20.8 23.3 % NacCl
NaCl-KC1 ‘ -22.9 20.17 % NaCl
. 5.81 % KC1
MgClo -33.6 ‘ 21.0 % MgCly
NaCl-MgClop -35.0 22.75 % MgCly
1.56 % NacCl
FeClp -36.5
CaCly -49.8 3.2 % CaCly
NaCl-CaClsp -52.0 22.75 % CcaCljp
1.8 % NaCl
CaCly-MgClsp ~-55.0
NaCl-CaCl;-MgCly -57.0

modified from:
Klosterman, 1981
Crawford, 1981



Table 4. INITIAL AND INTERMEDIATE MELTING TEMPERATURES
FROM FLUID INCLUSION FREEZING ANALYSES.

MELTING TEMPERATURES (©C)

MINERAL PHASE INITIAL INTERMEDIATE FINAL
calcite -37.7 -27.7
dolomite -37.6 -36.2
dolomite ~-47 -37 -28.5
anhydrite -50 -28.6
calcite -42 -18.8
calcite . -42 -22.1
calcite -42 -23.7
calcite -42 -27.8
calcite ) -42 -28.4"
celestite -40 -27.1
dolomite -55.0 -42 -30.2
calcite -38.9 -31.9
calcite -52.1 -28.1
celestite -55.0 -40 -27.9
celestite -31.0 -24.6
calcite =31 -19.8
calcite -31 -20.4
calcite ~43 -31 -17.4
calcite -43 : -31 -16.9
calcite -50 -25.9
calcite ~40 -31.5
calcite o -51 -42 -26.5
calcite =51 -42 ~-28.9
calcite -51 -42 -31.1
calcite -51 -42 -28.7
.calcite -41 -36 -27.9
calcite -41 =36 ‘ -26.5
calcite -41 ~36 -26.1
calcite -41 -36 -28.3
calcite -41 -36 ~28.6

calcite -33 -23.3
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with the melting points for various chloride species.
A correlation between a specific chloride species' melting
point and a specific melting event during the freezing
analysis implies the presence of the specific chloride
species within the fluid. The presence of CaCly within
the trapped fluid is noted by melting which occurs at or
below -58°C (Crawford, 1981). The occurrence of melting
at -33.69C and -36.5°C indicate the presence of MgCly and
FeCly, respectively; but the presence of MgCly; and FeClp
is difficult to determine from freezing observations (Crawford,
1981). Melting events occurring in the range of -330 to
-280C correspona to the melting of hydohalite (Klosterman,
1981). Compositions of fluids trapped within inclusions
in zoned equant mosaic calcite, non-fabric-selective dolomite,
and unzoned poikilitic calcite, based on eutectic, cotectic,
and final melting data, are presented graphically on a
ternary phase diagram having Hp0, 58% CaCly, and 50% NaCl
as end members (Figure 32). Fluid trapped within zoned
equant mosaic calcite shows a composition of 21 weight
percent CaCly and 3 weight percent NaCl with a total dissolved
solid content of 22 weight percent. Fluid trapped within
non-fabric-selective dolomite shows a compositon of 24.5
weight percent CaCly and 4.5 weight perceht NaCl with a
total dissolved content of 26.5 weight percent. Fluid
trapped within unzoned poikilitic calcite shows a composition

of 23.5 weight percent CaCly; and 3.5 weight percent NaCl
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NaCl-H,0

50% 50%
CaCl, NaCl

Z--—-Zoned Equant Mosaic Calcite

D---Non-Fabric-Selective Dolomite

U---Unzoned Poikilitic Calcite

Figure 32, Phase diagram for a portion of the
CaCly-NaCl-Hp0 system with compositions
for selected diagenetic minerals plotted
from melting temperature data.
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with a total dissolved content of 24.5 weight percent.
Present day upper Smackover Formation waters are con-
centrated Na-Ca-Cl brines averaging 28 weight percent total
dissolved solids (Moore and Druckman, 198l). Based on
formation Water data presented by Collins (1974), a Smackovef
brine sample from Fouke Field iﬁ southwestern Arkansas
shows a composition of 47.5 weight percent NaCl, 1.6 weight
percent KCl,‘3.5 weight percent MgCl;, and 47.4 weight
percent CaCls. A Smackover brine sample from Wood County
in northeéstérn Texas (Collins, 1974) shows a composition
of 66.0 weight percent NaCl, 9.1 weight percent KCl, 2.7
weight percent MgClp, and 22.2 weight percent CacClj.
Compositions based on the finél melting data indicate
early (precompaction) meteoric to mixed meteoric-marine
calcites have re-equilibrated in the presence of the highly
saline fluids encountered‘during burial.‘ The late (post-
compaction)’diagenetié mineréls are thought to have been
precipitated from the concentrated brines evolved during
burial. The brines are on thé order of 9 times more concen-
trated than seawater and 25 timés more concentrated than
freshwater (Klosterman, 1981). Melting data indicate the
fluids trapped.within fhe inclﬁsi&ns are éaélz rich brines
with NaCl and‘probably‘MgC12 and FeCljy present as additional

chloride species.



PRESSURE CORRECTIONS AND MINIMUM DEPTHS OF PRECIPITATION

Primary two-phase fluid inclusions analyzed for this
study are assumed to have been entrapped as a single phase
at elevated temperatures and préssures ({Roedder and Bodnar,
1980). The ambient formation pressure at the site of inclusion
formation at the time of trapping is hydrostatic, as it
is a fluid‘pressure (Roedder and Bodnar, 198#). Two-phase
behavior is possible only if equilibrium vapor pressure
is equal to fluid (hydrostatic) pressﬁre (Eadington, 1983).
Fluid’inclusions, which contain up to 240 weight % NaCl
and which homogenize within the range of 559 to l60°cC,
have equilibrium vapdr pressures on the ordér of 1 fo 6
bars (Klosterman, 1981; after Héas, 1976f. Petrography
of the late diagénetic minerals suggests precipitation
following grain compactibn and accompanying and following
grain-grain pressure solution. Studies of the thermél
history (Nunn, 1982) and the burial history of the upper
Smackover indicate rapid burial afterldeposition. Such
information would suggest that ambient formation.pressures
were greater thaﬁ equilibrium Qépér pressures at the time
of inclusion formation.

If inclusions are trapped at ambient formatioh pressures
higher than their vapor pressure, homogenization temperature
determinaf:ions will be lower than the true trépping temperature,
and a correction (pressure correction) must be added in
order to obtain a more reliable estimaté of trapping temperatufe

86
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(Roedder and Bodnar, 1980). The preésure correction is
based on the composition (salinity) of the trapped fluid
and the fluid pressure at the time of entrapment. The
fluid pressute at the time of entrapment is estimated from
the depth of cover at the time of trapping. Salinity can
be determined from the final melting point (Potter, and
others, 1978).

The debth of cover at the time of trapping can be
estimated from thermal history and burial history studies
of the Upper Jurassic stratigraphic sequence. Nunn (1983)
determined an Upper Jurassic geothermal gradient of 70°C/km
and a Lower Cretaceous geothermal gradient of 508°C/km for
the northern Gulf Coast (Figure C-3). The present day
geothermal gradient i; approximately 33°C/km (Nunn, 1983).
Comparing the temperatures of homogenization fromprecompaction,
bladed calcite and post-compaction, zoned equant mosaic
calcité with the paleogeothermal gradients, the minimum
depths at which precompaction calcites began to be readjusted
and post—compaction calcites began to be precipitated can
be estimated. Using an‘Upper Jurassic geothermal gradient,
readjustment of the early diagenetic calcite and precipitation
of the late diagenetic zoned calcite began at a minimum
depth of 1.2 kilometers. Using an Upéer Jurassic geothermal
gradient with a temperatﬁre of formation calculated from
oxygen isotopic data for the post-compactioh, zoned equant

mosaic calcite, precipitation of the late diagenetic zoned
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calcite began at a minimum depth of 1.1 kilometers.

An estimate for the depth of formation for the late
diagenetic minerals can be made by a comparison of homogeni-
zation temperatures to plots diagramming the burial history
of the Smackover Formation. Burial history curves (depth
versus age) for the Smackover have been . generated by means
of backstripping (see Appendix C, Figures C-1 and C-2).
Backstripping studies indicate late diagenetic minerals
precipitated at minimum depths over the range of 950 to
1750 meters (see Appendix C).

Once the salinity and fluid pressure at the time of
trapping can be estimated, the pressure correction can
be determined from pressure correction diagrams for various
weight % NaCl-H20 systems that have been generated by Potter
(1977). Pressure corrections vary from 11° to 179C for
inclusions within the earliest diagenetic phases to be
re-equilibrated/precipitated. Pressure corrections vary
from 20° to 289C for inclusions within the latest diagenetic
phases to be precipitated.

Homogenization temperatures determined in this study
are presented and interpreted without pressure corrections
having been added. Pressure corrections based on a pure
NaCl-H70 9ystems cannot be applied to fluid inclusions
which are not pure NaCl-H90 systems. Burruss (1981) concludes
homogenization temperatures are best interpreted as minimum

temperatures of formation, as pressure corrections can
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be extremely inaccurate. Care must be used in applying
pressure corrections based on NaCl-H20 systems to inclusions
possibly containing dissolved gases and aliphatic acid
anions (Hanor, 198¢). The presence of dissolved methane
and aliphatic acid anions in formation waters from the
central Gulf Coast region has been noted by Hanor (1980)
and documented by Carothers and Kharaka (1978). With methane
present, homogenization takes place along the bubble point
curve for CHg-H70, and not along the bubble point curve
for Ho0 (Hanor, 19860). In the example presented, Hanor
(1980) found if the presence of methane is neglected,
temperatures of homogenization can be too high by possibly
3¢°c.

Carothers and Kharaka (1978) postulate that aliphatic
acid anions are able to form methane and bicarbonate through
thermal decarboxylation at temperatures of 80° to 200°C.
Hanor (1980) explains that if aliphatic acids are present
in the trapped fluids and subsequently form methane within
the inclusion (in situ) through thermal decarboxylation,
the temperature of homogenization will be increased, yielding
an erroneously high temperature of homogenization even
before a pressure correction is added.

The presence of methane in the inclusions analyzed
in this study could not be determined. The inclusions
have not been analyzed either through crushing or through

Raman spectroscopy. The presence of dissolved gases can
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be noted by the formation of clathrate hydrates during
final melting analyses (Hanor, 1980). Gas hydrates are
solids formed by the combination of gases and volatile
liquids with a large excess of water (Davidson, 1972).
The molecules occupy voids within the lattices of hydrogen
bonded water molecules (Davidson, 1972). COp, CHg, H32S,
SO, and CpHg are among the gases capable of forming hydrates.
In the inclusions, clathrate hydrates are noted as solids
which persist after the last ice crystal has melted. The
hydrates melt at higher temperatures, with melting occurring
at temperatures up to zéoc (Hollister and Burruss, 1976).
0f the 235 inclusions studied, clathrate hydrates were
formed during‘the final melting.analysis of only five inclu-
sions. Klosterman (1981) noted the presence of hydrates
in inclusions from poikilitic calcite from the upper Smackover.
The hydrates were identified as possibly CHg or CyHg clathrates

or as possibly poorly structured, complex hydrated salts.



STABLE ISOTOPE PALEOTHERMOMETRY AS COMPARED TO MICROTHERMOMETRY

A number of carbonate diagenetic mineral phases from
the upper Smackover of southwestern Arkansas have been
analyzed for carbon and oxygen isotopic composition (Table
5) as part of studies by Moore and Druckman (1981), Stamatedes
(1982) , and Moore (in press). In the present study, a
number of intervals forjwﬁich stable isotépic data were
available were chosen for fluid inclusion analysis in order
to compare temperature estimates of crystal formation possible
from the two analyses.

The oxyéen isotopic composition of a carbonate mineral
can be used to calculate a probable temperature of formation
for the crystal. The temperature estimate is possible
through a calculation based on the 180 value of the carbonate
grain and the 180 value of the formation water from which
the crystal precipitated. Knowing the two values, the
formation temperature of inorganic calcite can be calculated

using an equation presented by Friedman and O0'Neil (1977):

160¢ 1n = [2.78 X 186 (T-2)] - 2.89
1600 1n = 183 calcite (sMOW) - 180 water (SMOW)
T = O Kelvin

The formation temperature of dolomite can be calculated

using an equation presented by Matthews and Katz (1977):

1600 1n - = [3.06 X 106 (T-2)] - 3.24
1000 1n = 180 dolomite {SMOW) -~ 180 water {SMOW)
T = O Kelvin
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Table L-9. Temperature Pairs for Zoned Equant Mosaic
Calcite, Arkansas and Texas.

Table a. ;Analysis of Variance---Homogenization Temperatures
:-Evaluated by Area.

SS MS F PROF R2

_ SOURCE ., DF
model .2 . 93.779 , 46,885 1.40 P.3454 @.412
error 4 133.684 33.421
total 6 - 227.454 ' *poor probability

Duncan's Test--recognizes single population:
. 1) zoned equant mosaic calcite
‘Arkansas and Texas -

Table b. Analysis of Variance---Final Melting Points Evaluated
by Area.

. SOURCE DF SS MS F PR>F RZ
model 2 44.812 22,406 2.07 0.2417 @.508
error 4 43.328 16.832
total 6 88.140 *poor probability

Duncan's Teétf-recognizes single population:
1) zoned equant mosaic calcite
Arkansas and Texas
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Table L-10. Temperature Pairs for Poikilitic Calcite,
Arkansas and Texas.

Table a. Analysis of Variance---Homogenization Temperatures
Evaluated by Area.

SOURCE DF '~ ss MS F PROF R2

model 2 22,145 11.073 g.12 0.8858 ©.0806

error - 42 3824.415 91.057

total 44 3846.560 *yvery poor probability

**F-value too low

Duncan's Test--recognizes single population:
: 1) poikilitic calcite, Arkansas and Texas

Table b, Analysis of Variance-~-Final Melting Points Evaluated
by Area.

SOURCE DF ‘ SSs MS F PR>F R2

model’ 2 74.372 37.186 7.06 ¢.0023 ©.252

error 42 221.318 5.269

totalﬂﬂ, 44 295.69¢ Fg.g1--5.16

Duncan s Test--recognizes two populations:
1) poikilitic calcite, Arkansas
2) poikilitic calcite, Texas

168
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Table L-11. Température Pairs for Zoned Eguant Mosaic Calcite
and Poikilitic Calcite, Texas.

Table a. Analysis of Variance---Homogenization Temperatures
Evaluated by Diagenetic Mineral Phase.

SOURCE DF . 88, - MS . F PRO>F R2

model 2 1327.112 663.556 6.16 0.0055 9.278

error 32 3447.434 167.732 ‘

total 34 4774.547 Fg.g1--5.38

Duncan's Test——recdgniées two populations:
1) zoned equant mosaic calcite
2) poikilitic calcite

Table b. Analysis of Variance~--Final Melting Points Evaluated
: by Diagenetic Mineral Phase,.

SOURCE DF ss . MS F PROF R2

meodel -2 77.615 38.808 5.84 g.0869 0,268
error 32 212.532 6.642

total. 34 . 2908.147 Fg.g1--5.38

Duncan's Test--recognizes two populations:
1) 2zoned equant mosaic calcite
2) poikilitic calcite



Table L-12. Temperature Pairs for Bladed Calcite, Replacement
Anhydrite, and Replacement Celestite;
Arkansas.
Table a. Aﬁalysis of Variahéé-;-Hbmogenization Temperatures
Evaluated by Diagenetic Mineral Phase.
SOURCE  DF ss o MS . F . PRXF  R2
model 2 324.087 162.004 1.83 $.1992 ©.22¢
error 13 1149.813 88.447 -
total 15 1473.820 *poor probability

Duncan's Test--recognizes single population:
1) bladed calcite, replacement anhydrite,
replacement celestite

Table b. Analysis of Variance-~-Final Melting Points Evaluated
by Diagenetic Mineral Phase.

SOURCE DF ss . MS F PROF R2

model 2 138.13¢ 69.065 14.68 ¢.0005 ©.693

error 13 61.144 4,783 i :

total 15 199.274 Fg. g1~-6.7@

Duncan's Test--recognizes two populations:
1) bladed calcite

2) replacement anhydrite and replacement celestite
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Table L-13, Temperature Pairs for Bladed Calcite and
Poikilitic Calcite, Arkansas.

Table a. Analysis of Variance---Homogenization Temperatures
IR ' Evaluated by Diagenetic Mineral Phase.

‘SOURCE DF 88 MS F PR>F R2
model 2 4505,912 2252.956 30.51 9.6001 0,763
.error 19 1403.138 73.849

‘total = 21 5909.0951 S Fg.g1--5.93

Duncan's Test--recognizes two populations:
1) bladed calcite
2) poikilitic calcite

Table b. Analysis of Variance---Final Melting Points Evaluated
. ’ by Diagenetic Mineral Phase.

SOURCE DF ss MS F PR>F R2
‘model 2 462.595 231.297 98.91 0.0001 @.912
error 19 44,431 2.338

‘total 21 507.0626 Fg.g1-~5.93

Duncan's Test--recognizes two populations:
1) bladed calcite
2) poikilitic calcite
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Table L-14. Temperature Pairs for Zoned Equant Mosaic
Calcite and Poikilitic Calcite, Arkansas.

Table a. Analysis of Variance---Homogenization Temperatures

Evaluated by Diagenetic Mineral Phase.

SOURCE DF ss MS F PROF R2

model’ 2 1653.047 826.525 21.86 7.6001 @.757

error 14 529.431 37.816

total 16 2182.478 Fg.g1--6.51

Duncan's Test-~recognizes two populations:

Table b.

SOURCE
model
error
total

1) zoned equant mosaic calcite
2) poikilitic calcite

Analysis of Variance---Final Melting Points Evaluated
by Diagenetic Mineral Phase.

DF Ss MS F PROF R2

2 101.599 5¢.800 10.58 0.0016 0.602
14 67.216 4,801

16 168,815 Fg.g1--6.51

Duncan's Test--recognizes two populations:

1) zoned equant mosaic calcite
2) poikilitic calcite



Table L-15. Temperature Pairs for Zoned Equant Mosaic Calcite
and Poikilitic Calcite, Arkansas and Texas.

Table a. Analysis of Variance---Homogenization Temperatures
. ‘Evaluated by Diagenetic Mineral Phase.

SOURCE DF sS MS F PROF R2
model 2 3212,789 1606.390 19.32 £.0001 0.441
error 49 4073.720 83.137

total , 51 7286.500 Fg.p1--5.09

Duncan's Test--recognizes two populations:
1) zoned equant mosaic calcite
2) poikilitic calcite

(S

Table b, Analysis of Variance---Final Melting Points Evaluated
o by Diagenetic Mineral Phase.

SOURCE DF ss MS F PROF R2
model 2 169,045 54.522 6.96 g.60622 9,221
error 49 383.802 7.833

total . 51 .,  492.847 Fg.g1--5.99

Duncan's Test--recognizes two populations:
l) zoned equant mosaic calcite
2) poikilitic calcite
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Table L-16. Temperature Pairs for Zoned Equant Mosaic Calcite
and Poikilitic Calcite, Arkansas and Texas.

Table a. Analysis of Variance---Homogenization Temperatures

‘Evaluated by Area.
SOURCE DF ss - ‘M§ F BROF R2
model 2 1421,888 710.944 5.94 0.06049 ©.195
error: 49 . 5864.612 119.686 ‘
total 51 7286.500 Fg,g1--5.09

Duncan's Test~-recognizes single population:
1) zoned equant mosaic calcite and poikilitic
calcite, Arkansas and Texas

Table b, Analysis of Variance---Final Melting Points Evaluated
by Area.

SOURCE DF . Ss MS F PROF R2

model - 2 105.952 52.976 6.71 g.0027 @,215

error 49 386.895 7.896

total 51 492,847 Fg,p1--5.89

Duncan's Test--recognizes two populations:
1) 2zoned equant mosaic calcite and poikilitic
‘calcite, Arkansas
2) zoned equant mosaic calcite and poikilitic
calcite, Texas
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Table L-17. Temperature Pairs for Bladed Calcite and
. o Non-Fabric-Selective Dolomite, Arkansas.

Table a. Analysis of Variance---Homogenization Temperatures
: Evaluated by Diagenetic Mineral Phase.

SOURCE DF SS MS F 'PROF R2

model - 2. 2359.691 1179.845 6.40 #.9128 @.516

error 12 2219.619 184.218

total 14 4570.309 . ) Fg.g1~--6.93
e : ‘ . o Fg_g25--5.1¢0

Duncan's Test-~recognizes two populatlons'
1) bladed calcite
2) non-fabric- selective dolomite

Table b.  Analysis of Variance---Final Melting Points Evaluated
by Diagenetic Mineral Phase.

SOURCE . DF ss MS F PROF R2

model - 2 385.853 192,926 50.99 g.0001 0.895

error, 12 45,400 3.783

total 14 431,253 Fp,p1--6.93

Duncan's Test--recognizes two populations:
: 1) Dbladed calcite
2) non-fabric-selective dolomite
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Table L-18. Temperature Pairs for Zoned Equant Mosaic Calcite
and Non-Fabric-Selective Dolomite,
Arkansas.

‘Table a. Analysis of Variance-~-Homogenization Temperatures
C Evaluated by Diagenetic Mineral Phase.

SOURCE D SSs MS F PR>F R2

F
model 2 967.170 483,585 - 2.37 0.1638 @.404
error 7 1429,066 204,152 :
total 9 2396.236 *poor probability

Duncan's Test--recognizes single population:
1) zoned equant mosaic calcite and non-fabric-
selective dolomite

"Table b, Analysis of Variance---Final Melting Points Evaluated
by Diagenetic Mineral Phase. ‘
- SOURCE DF Ss MS F PROF R2
model 2 121,318 60.659 6.19 0.0283 @.639
error 7 68.622 9.803
9 189,940 Fg.p25--6.54

total
o Fg_ g5---4.74

Duncan's Test--recognizes two populations:

1) zoned equant mosaic calcite
2) non-fabric-selective dolomite
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Table L-19. Temperature Pairs for Non-Fabric-Selective
Dolomite and Poikilitic Calcite, Arkansas.

Table a. Analysis of Variance---Homogenization Temperatures

Evaluated by Diagenetic Mineral Phase.
SOURCE DF SS MS F PRO>F R2
model 2 193,873 96.936 .  ©.81 0.4643 0,184
error 14 1673.602 © . 119.543
total 16 1867.475 i *very poor probability

© Duncan's Test--recbgnizes single population: )
' 1) non-fabric-selective dolomite and poikilitic

calcite ‘

Table b. Analysis of Variance---Final Melting Points Evaluated

by Diagenetic Mineral Phase.
SOURCE DF ss MS F PROF R2
model 2 9.546 4,773 3.15 g.0741 @.310
error 14 21,204 1.515
total 16 30.749 ‘ Fg,g5--3.74
IR : Fg.1¢--2.73

*poor probability

‘ADuhcan's{Test-—recognizes two populations:
- 1) non-fabric-selective dolomite
2) poikilitic calcite



Table L-20.

¢

Table a.

SOURCE
model
error
total
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Temperature Pairs for Zoned Equant Mosaic Calcite,
Replacement Anhydrite, and Replacement Celestite;
Arkansas and Texas.

. BAnalysis of Variance---Homogenization Temperatures
- Evaluated by Diagenetic Mineral Phase.

Ss MS F PROF R2
39.352 19.676 9.65 0.5400 @©.098
363.884 © 30.324
403,236 *poor probability

Duncan's Test~-recognizes single population:

Table b,
SOURCE
model

error
total

1) zoned equant mosaic calcite, replacement
anhydrite, and replacement celestite

s

e

Analysis of Variance---Final Melting Points Evaluated

by Diagenetic Mineral Phase.

PR>F R2

ss - MS " F

47.642 23,821 2.60 8.1151 0.303
1¢9.808 9.151
157.449 *poor probability

Duncan's Test--recognizes single population:

1) =zoned equant mosaic calcite, replacement
anhydrite, and replacement celestite
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Table L-21. Temperatures Pairs for Zoned Equant Mosaic
Calcite, Replacement Anhydrite, and
Replacement Celestite; Arkansas and Texas.

Table a. Analysis of Variance---Homogenization Temperatures
Evaluated by Area.

SOURCE DF ss MS F PROF R2

model 2 78.494 39.247 1.45 g.2728 ©.195

error 12 324,742 27.062

total 14 403,236 *poor probability

Duncan's Test--recognizes single population:
1) zoned equant mosaic calcite, replacement
anhydrite, and replacement celestite

Table b. Analysis of Variance--~Final Melting Points Evaluated
by Area

SOURCE DF ss MS F PR>F R2

model 2 20.324 19.162 0.89 2.4364 0.129

error 12 137.125 11.427

total ' 14  © .. 157.449 C ‘ *poor probability

Duncan's Test--recognizes single population:
1) =zoned equant mosaic calcite, replacement
anhydrite, and replacement celestite
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Table L~-22. Temperature Pairs for Non-Fabric-Selective Dolomite,
Replacement Anhydrite, and Replacement Celestite;

Arkansas.
‘Table a. - Analysis of Variance---Homogenization Temperatures
P Evaluated by Mineral -Phase.
SOURCE DF SS MS F PROF R2
model = 3 ’ 877.466 292,489 1,51 #.2928 @.393
error 7 7 1353.17¢@ ©193.310
total 10 ' 2230.636 : *poor probability

Duncan's Test--recognizes single population:
1) non-fabric-selective dolomite, replacement
anhydrite, and replacement celestite

‘Table b. Analysis of Variance---Final Melting Points Evaluated
' by Mineral Phase. )
'SOURCE DF 'ss MS F PROF R2
model 3 62.478 20.826 4.02 6.05986 0.632
error © 7 36.262 5.18¢0

total 10 98,740 Fg, pgs--4.35

Duncan's Test--recognizes single population:
1) non-fabric-selective dolomite, replacement
anhydrite, and replacement celestite



Table L-23. Temperature Pairs for Replacement Anhydrite,
R . Replacement Celest:te, and Poikilitic Calcite;
Arkansas.
Table a. Analysis of Variance---Homogenization Temperatures
Evaluated by Mineral Phase.
SOURCE DF SS MS F PROF R2
model = 3 1678.411 559.47¢ 26.39 g.0001 @.814
error 14 384.169. 27.441
total 17 2062 580 . Fg.g1--5.56

Duncan s Test--recognizes two populations:
. : 1) replacement anhydrite and replacement celestite
2) poikilitic calcite

Table b, Analysis of Variance---Final Melting P01nts Evaluated
’ D by Mineral Phase.

SOURCE DF SS MS F PRO>F R2

model 3 41.509 13:836 5.79 0.8887 ©0.554

error 14 334471 2,391

total 17 74.980 Fg,p1--5.56

Duncan s Test—-recogn1zes two populations:
. 1) replacement anhydrite
2) poikilitic calcite
*replacement celestite similar to both
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.Table L~24. Temperature Pairs for Poikilitic Calcite,
’ Replacement Anhydrite, and Replacement
Celestite; Arkansas and Texas.

Table a. Analysis of Variance---Homogenization Temperatures
Evaluated by Diagenetic Mineral Phase.

SOURCE DF . §S . MS F PROF R2

model 3 3289.07¢ 19696.357 13.85 g.0001 @.459

error 49 3879.542 79.174 o

total 52 7168.612 Fp.g1--4.23

Duncan's Test--recognizes two populations:
1) poikilitic calcite =
2) replacement anhydrite and replacement celestite

Table . b. Analysis of Variance---Final Melting Points Evaluated
’ by Diagenetic Mineral Phase. '
SOURCE DF ss MS F PROF R2
‘model 3 10.608 3.536 g.54 0.6681 0@.032
‘error 49 323,540 6.603

.total 52 334,148 ) *very poor probability

Duncan's Test--recognizes single population:
o 1) poikilitic calcite, replacement anhydrite,
and replacement celestite
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Table L-25. Temperature Pairs for Poikilitic Calcite,
Replacement Anhydrite, and Replacement
Celestite; Arkansas and Texas.

Table a. Analysis of Variance---Homogenization Temperatures
Evaluated by Area.

SOURCE DF . . . 8§ -MS. . F PR>F R2

model 2 '501.625 250.812 1.88 9.1631 0.07¢

error 50 6666,987 133,349

total =~ 52 7168.612 *poor probability

Duncan's Test--recognizes single population:
1) poikilitic calcite, replacement anhydrite,
replacement celestite; Arkansas and Texas

Table b. Analysis of Variance---Final Melting Points Evaluated
. by Area. :

SOURCE DF ss MS F PR>F R2

model 2 44,510 22,255 3.84 9.6280 ©0.133

error 59 289.638 5.793

total 52 334.148 Fg.g25--3.99

Duncan's Test--recognizes two populations:
1) poikilitic calcite, replacement anhydrite,
replacement celestite; Arkansas
2) poikilitic calcite, replacement anhydrite,
replacement celestite; Texas



Table L-26. Temperature Pairs for Zoned Eguant Mosaic Calcite
' and Replacement Celestite, Texas.

Table a. 1Insufficient number of temperature pairs for analysis
of variance

Duncan's Test--recognizes single population based
on homogenization temperatures:
1) =zoned equant mosaic calcite and
replacement celestite, Texas

Table b. Insufficient number of temperature pairs for analysis
-~ of variance

Duncan's Test--recognizes single population based
"~ on final melting points:
1) zoned equant mosaic calcite and
replacement celestite, Texas
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Table L-27. Temperature Pairs for Poikilitic Calcite
and Replacement Celestite, Texas.

Table a. Analysis of Variance---Homogenization Temperatures
Evaluated by Diagenetic Mineral Phase.

SOURCE * DF S 1 ' MS F PROF R2

model 2 1216.146 608.0873 5.58 0.0083 ©.259

error 32 3486.461 1088.952

total 34, 47¢2.607 : Fgy.p1--5.38

Dnhpan's Test--recognizes two populations:
1) replacement celestite
- 2) poikilitic calcite

Table b. Analysis of Variance---Final Melting Points Evaluated
by Diagenetic Mineral Phase.

SOURCE DF 58 MS F PROF R2

model 2 1.783 g.891 .13 ° 0.8774 ©.008

error 32 217.141 6.786

total 34 218.924 *F-value too low

**yery poor probability

Duncan's Test--recognizes single population:
1) replacement celestite and poikilitic calcite
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Table L-28. Temperature Pairs for Zoned Equant Mosaic
Calcite, Poikilitic Calcite, and Replacement
Celestite; Texas.

Table' a. Analysis of Variance---Homogenization Temperatures
Evaluated by Diagenetic Mineral Phase.

' SOURCE DF . 88 MS F PR>F R2

"model .4 2568.255 642,064 6.25 0.0007 0.424

‘error 34 3495,602 192.812

total 38 6663.857 Fg.g1--3.94

‘Duncan's Test--recognizes two populations:
1) zoned equant mosaic calcite and replacement
celestite
2) poikilitic calcite

Table b. Analysis of Variance---Final Melting Points Evaluated
by Diagenetic Mineral Phase.

SOURCE DF SS MS F PROF R2

model 4 230.783 57.696 9.02 #.0001 0.515

‘error 34 217.513 6.397

total 38 448.2996 Fg.g1--3.94

Duncan's Test--recognizes two populatiohs:
1) =zoned equant mosaic calcite
2) poikilitic calcite and replacement celestite



Table L-29. Temperature Pairs for Circumgranular, Intragranular
and Intergranular Cements; Arkansas and Texas

Table a. Analysis of Variance--Homogenization Temperatures
Evaluated by Occurrence of the Cement.

SOURCE DF T MS F PR>F R2

model 3 5300.585 1766.862 2.98 0.0001 0.277

error 78 13814.03¢ 177.163

‘total 81 19114.615 : Fg.g1-~-4.09

Duncan's Test---recognizes two populations:
1) circumgranular cements
2) intragranular and intergranular cements

Table b, Analysis of Variance--Final Melting Points Evaluated
. by Occurrence of the Cement.

SOURCE DF - ss MS F PROF R2

model 3 529.431 176.477 17.13 0.0001 ©0.397

error 78 803,788 18.305

total 81 1333.220 . Fg.@g1--4.09

Duncan's Test---recognizes three populations:
l) circumgranular cements
2) intragranular cements
.3) intergranular cements
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Table L-30. Temperature Pairs for Calcite, Walker Creek
and Mount Vernon, Arkansas.

Table a. Analysis of Variance---Homogenization Temperatures
o Evaluated by Area. ‘

SOURCE DF Ss MS F PROF R2

model 2 40129,935 20064.968 79.17 0.0001 @.422
error 217 54998.951 253,451

total 219 95128.886 , Fg.p154.70

Duncan's Test--fecoghizes two populations:
. 1) . calcite, Walker Creek, Arkansas
2) calcite, Mount Vernon, Arkansas

Table b. Analysis of Variance---Final Melting Points Evaluated
by Area,

SOURCE DF SS MS F PROF :U

model 2 214.614 187.307 12.47 0.0001 @.103

error 217 1866.88¢0 8.683

total 219 2081.494 ' Fg.g154.78

Duncan's Test--recognizes two populations:
1) calcite, Walker Creek, Arkansas
2) calcite, Mount Vernon, Arkansas



Table L-31, Temperature Pairs for Zoned Equant Mosaic Calcite,
O " “Arkansas and Texas.

Table a. Insufficient number of temperature pairs for analysis
of variance

Duncan's Test-~-recognizes single population based
on homogenization temperatures:
1) =zoned equant mosaic calcite,
Arkansas and Texas

Table b, Insufficient number of temperature pairs for analysis
of variance

Duncan's Test--recognizes single population based
on final melting points:
1) =zoned equant mosaic calcite,
Arkansas and Texas
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