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ABSTRACT

Petrographic examination of 71 thin sections frqm the San Andres unit 4 carbonate
reveals a complex diagenetic history. Diagenetic ‘events include precipitation of calcite
‘eement, neomorphic replacement of “micrite by spax;'ry calcite, development of moldie
porosity, dolomitization, precipitation of halite and? anhydrite,' minor precipitation of
celestite, and replacement of halite by calcite, d.olomfite, and anhydrite. Porous intervals
are recognized within the San Andres unit 4 cartéonate, corresponding to partly or
cempletely dolo‘mitized intervals. These diagenetic éphases reflect an active history of
changes in water composition, suggesting ,potentialéfpr further studies of rock-water

relationships.

INTRODUCTION

This progress report presents data and‘preliminiery interpretations of ongoing core
analysis of the San Andres Formation. Previous feperts have .described the depositional
environments and facies relationships in the San Andres Formation (Fracasso and Hovorka, -
1984) and the facies and detailed sfratig’raphy of the tl';ick halite of units 4 and 5 of the San
Andres Formatioh (Hovorka and others, 1985). Data;presented here are supplemental to
those reports, and the reader is referred to them for baéckground information. |

Nine cores have been drilled by the U.S. Deparétment of Energy (DOE) through the
entire San Andres Formation (figs. 1 and 2). The core has bee/nvl‘ogged in detail and
sampled for a wide variety of analyses. This paper ciiscusses.the‘petrography of the San
Andres unit 4 carbonate in the Stone and Webster Eng‘%ineering Corporaf'ion (SWEC) Detten
No. 1 and SWEC G. Friemel No. 1 cores. This is the iniitial phase of a sfudy of diagenesis;of
the carbonate, anhydrit‘e, halite, and ciastics in :the entire San Andres Formation.

Additional information acquired upon completion of pietrog'raphic study of the San Andres
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Figure 1. Location of wells cored by DOE in the Palo Duro Basin. Cores from the SWEC
G. Friemel No. 1 and the SWEC Detten No. 1 wells examined in this study are indicated
with arrows. Line of section indicates location of cross section (fig. 2).
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Figure 2. - Stratigraphy of the San Andres Formation as shown in cores from DOE wells.

The San Andres unit 4 carbonate in the SWEC G. Friemel No. 1 and the SWEC Detten No. 1
wells is the umt examined in thls study. Lme of section shown in fngure 1.



unit 4 carbonate and the overlying and underlying units is expected to require modification

of the interpretations presented here.

PURPOSE AND METHODS OF STUDY’ |

Petrologic examinationL of the carbonates of the San Andres Formation was under-
taken in order to interprét the"diagenetic history of théSe sediménts. The unit 4 carbonate
of the SWEC Detten No. 1 and SWEC G. Friemel No. 1 coreé Was, examined for a limited
pilot study to determine the kinds of diagenetic problems énd the degree of complexity to
be encountered in a study enc:ompassing all of the DOE wells.

Slébbed core of the San Andres' unit 4 carbonate from DOE wells was routinely
examined and logged (app. A). Thin sections were selected from the San Andres unit 4
céfbonate, the overlying thin anhydrite, and the underlying thin, dark mudstone (app. B).
‘Samples were Selecfed of (1) representative lithologies and (2) significant features
requiring petrogréphic study. Thin sections were prepared in oil to preserve haléte
‘cements, and selected-‘ samples were impregnated with blue epoxy to reveal pores. After
halite cement/pore relationships were examined, halite was dissolved from t’h‘in sections in
preparation for staining. Alizarin red ,svtain was used to ideritify calcite. Standard
petrographic techniques were used to examing thin sections.  The percentage of
mineralogic constituents was determined by visual estimation. Allochems and éedimentai‘y
structures, which serve as indicators of depositional environment, were identified. Cement
relationships were examined to identify the sequence of divagenetic events.

Petrography haé been completed on 26 thin sections from the SWEC Detten No. 1
core and on 45 thin sections from the SWEC G. Friemel No. 1 c'o‘re. Thin séction

descriptions are presented in appendix C and sum marized in tables 1 and 2.



Table 1. Petrography of unit 4 carbonates -- SWEC G. Friemel No. | well.

biomicrite

brach.

Calc. Dolo. Silt Anh. Halite Pore : Carbonate
Sample # (%) (%) (%) (%) (%) (%) Quartz SrSo, Pyrite Other name Allochems Cc ts
F 2589.0 32 45 20 1 1 Magnesite ? Intraclastic conglomerate Diagenetic skeletal halite
F 2594.5 15 85 ? Laminated dol. anhydrite Deformed gyp. pseudomorphs
F 2599.0 5% 90 X 5%* clay Lam. muddy anhydrite "Mini teepees" .
F 2601.3 75 10 15 Tr Lam. pelmicrite Peloids, brach., foram. Anhadol.; chalcedony+anh.
F 2604.0 90-35 10-65 Lam. pelsparite, anh. cemt. Bryozoan, echinoid Sparite rims, anhsgrains,
anh. cement
F 2604.6 90 9 | Tr ? Pelmicrite with anh. lam. = Rimmed peloids Microspar. rims,
: chalc:+anh.; hal. frac.
F 2607.5 73 25 2?7 Hemathe Mud cracked? pelmicrite Pel. molds & whole Anh. nodules, cement
F 2610.4 78 5 15 2 Tr Tr Rippled pelmicrite Pel. molds & whole Celestite, anh+skeletal
halite
F 2613.0 92 3 5? Burrowed pelmicrite Pel. molds & whole
F 2615.0 85 <l 5 8 3 1 Organic Rippled pelmicrosparite Peloids Anh. and halite cement
' : in molds
F 2617.4 25 71 <1 2 1 <1 <1 Rippled pel-foram micrite Peloids, forams Dol., anh., hal. cemt +calc.
: +celes.+anh.
F 2618.3 10 85 1 <l 2 1 Tr 1% organic Rippled pelmicrite Peloids, forams? Variable porosity,
calcite cement
F 2621.2 10 77 <l 1 10 1 Pelsparite-pelmicrite Peloids Dol., anh., compact,
: calcite cemt.
F 2621.5 50 44 1 Tr 5 Tr Pelsparite Peloids Dolomitization, calcite
. cement :
F 2624.1 64 30 1 5 - Tr Tr phosphate  Burrowed biomicrite Brac., bryoz., algal, Partial dolomitization,
mollusks calcite+anh.
- F 262454~ 99 < e Tr = - Tr- - Gastro-oncolite - Oncolites, diverse Calcite spar., tr. dolomite .
biosparudite in micrite
F 2624.9 60 40 <l Tr Tr organics Oncolite biosparite Onco., foram, mollusk Microstylolites
F 2626.6 40 40 . Tr <1 20 Tr phosphate  Biomicrite Skeletal frag. molds = Calcite spar. is post-
. dolomitization
.F 2632.0 75 15 Tr 10 Tr organics Burrowed oosparite Ooids, peloids, brach.  Ooid radial structure
: preserved -
F 2636.5 45 U5 Tr 10 Tr Tr phosphate  Oncolite-mollusk sparrudite Mollusk, oncolite Neomorphic spar:+algae,
. halite cemt. '
F 2639.0 98 2 Tr Tr Tr Ooid-brachiopod sparite Ooids, brach., Sparry nodules which
N pelecypods destroy fabric
F 2642.2 30 65 5 Burrowed, packéd Peloids, bivalves, Anh. and hal. inclusions
. pelmicrite echinoids in calcite spar.
F 2643.3 98 2 Tr Tr Phosphate? Burrowed, packed Bivalves, echinoids, Burrows-micrite, dol.,
‘ i pelmicrite bryozoans open molds
F 2644.2 95 1 2 2 Organic wisps Dolomicrosparite None Intercrystalline micro-
) pores; anh.
F 2646.2 99 Tr ? Dolomicrosparite None
F 2650.5 10 75 Tr 15 Burrowed, packed Echinoid, foram, Burrow-coarse: dol.,

_ halite, calcite



Calc. Dolo. Silt Anh. Halite Pore
Sample # (%) - (%) (%) (%) (%) (%) Quartz SrSo, Pyrite
F 2651.0 65 10 5 20
F 2652.0 97 3 ?
F 2652.8 99 T Tr.
F 2653.8 967 ? 3 -

/

F 2655.9 15-80 20-85 Tr 2
F 2656.9  5-60 30-80 Tr Tr
F 2659.6 847 7 15 - 19
F 2661.6 95 5 .
F 2662.6 95 5 -
F 2666.1 50 45 5
F 2666.5 . 50 50 Tr Tr
F 2667.6 5 94 <1
F 2669.0 <1 80 20 Tr Tr
F 2676.0 95 ? 4 ? 1?
F 2677.0 65 35
F 2679.2 78 10
F 2679.6 55 10 30
F 2681.8 Tr 40 9 Tr
F 2684.4 Tr 15 50 “Tr

Percent determined by visual estimation.

Tr indicates trace.
* Mudstone arbitrarily divided into silt and clay components.

+ Replaces.

Table | (cont.)

Other

Carbonate
name

Allochems

Cc ts

Tr. organics
Tr organics
Tr organics

Tr organics

Phosphate
grain

Organic stain
Bone frag.,
wisps
Organic wisps

Organic grains
10% clay
20% clay

50% mudstone

35% mudstone

Nodular' biomicrite
Algal—m(;llusk-foram
biomicr.
Biosparite-biomicritg
Packed biomicrite

Sparse biomicrospar
Sparse echinoid biomicrite
Burrowed pel-biomicrite
Packed foram biomicrite
Biomicrite-biosparite
Sparse biomicrite
Biomicrite

Lam., burrowed biomicrite
Pelmicrite-anhd.
dolomicrite

Wispy dolomicrite

Wispy dolomicrite
Muddy dolomicrite
Fissile, muddy dolomicrite

Laminated, dark mudstone

Lam., anhd. mudstone

Poor preservation
Algae, foram, brach.
Algae, diverse skel.
Skeletal fauna
Forams, small brach.
Diverse, fine skel.
Pellets, mollusk, ech.
Forams, peloids,
mollusks

Peloids, diverse fauna
Thin bivalves, spheres
Spheres, pelo.ids
Forams, spheres, ?
Peloids, fenestra

Forams

Forams

Forams

Halite »grains matrix:
cal~hal. in fractures

Calcite cenent,
neomorphic spar. -

Septarian cracks,
skeletal halite

Early calc. cement,
neomorphic spar.

Cal¢c. nodules, microstyl.
dol. matrix

Calc. nodules, microstyl.
dol. matrix

Halite and’'calcite spar.
in burrows

Compacted, microstylo-
litized

Algal molds, halite,
calcite cement

Calcite skel., halite-
replaced burrows

Calcite cement around
dolomite

Intercrystalline
calcite cement

Macropores, calcite and
anh. cemt.

Fracture fill: halite,
celestite, anh.

Anhydrite nodules

Fissile

Displacive halite
rimmed by dol.

Fining upward lam.,
molds of halite



Table 2. Petrography of unit 4 carbonates -- SWEC Detten No. | well.

and molds

Calc. Dolo. Silt. Anh. Halite Pore Carbonate :
Sample # (%) (%) (%) (%) (%) (%) Quartz _SrSos Pyrite Other n Alloch C ts
De 2744.3 X X X + Clay Muddy anhydrite - Coarse dol., mm lam.,
gyp. pseudo.
.De 2746.1 X + + 10% ? Pelmicrite Peloids Intercrystalline pores,
halite cement
De 2746.3 X + + X ? Biopelmicrite Peloids, foram, Fenestra, mudcracks,
. bivalves anhs+halite
De 2747.0 X X + ‘Mud Anhydritic halite -- Displacive, skeletal halite
De 2751.1 X + + + Tooth plate Burrowed biomicrite Bivalve molds Large phylodont fish
tooth plate
De 2752.0 80 Tr 20 Organic grains Rippled biomicrite Bivalves, peloids Anh. nodules, halite-
. filled fractures
De 2758.1 X + + 25 Tr Mollusk biomicrite Bivalve mold Bivalve molds are
: anhydrite-filled
De 2762.6 X + Mollusk pelmicrite Peloids, forams Early dolomicrospar,
) ) later anhydrite
De 2765.8 X X + Biosparite Bryozoan, forams Cements: dolomite,
. calcite, halite
De 2773.5 X X X + ? Phosphate Biosparrudite Pelecypods, forams Cements: dolomite,
grains calcite, halite
De 2784.2 + X <l Organic grains Biomicrite Skeletal sand-molds Halite, anhydrite, calcite,
) cements
De 2789.4 65 25 5 Tr 5% organics Lam. micrite Bivalves, bryozoans Micrite and microspar,
i calcite allochem
De 2790.0 + X + Organic stain Sparse biomicrite Pelecypod Calc. grains, matrix
B part dolomite
De27913 X Bone fragment Biosparrudite Diverse, oncolites S o .
De 2800.0 30 70 Wispy laminae  Echinoid biomicrite Echinoids, bryozoans  Matrix mixed calcite and
dolomite
De 2802.4 X X X Wispy laminae Brachiopod biomicrite ‘Brach., echinoids Moldic and intercrystal-
. line pores
De 2803.2 X -- + + Organics Biosparite Oncolites, diverse Sparry calcite cement,
. local anh., hal.
De 2805.4 75 25 - Organic grains  Sparse biomicrite Brach., echinoid Rims of echinoids replaced
by halite
De 2812.0 ? ? + Tr Burrowed biomicrite Ooids, diverse skel. Anhydrite, dol. and
‘ » halite cements
De 2813.2 99 <1 ? Organic grains Dolomicrosparite Forams, echinoids
De 2814.9 +. X Nodular anhydrite -- Coarse anhydrite
De 2816.0 14 86 Nodular anhydrite -- Pseud. after gyp.; anh.
. replaces dol.
De 2825.6 X X + X ? ? X Organics Silty biomicrite Skeletal hash Halite fills fractures



Calc. Dolo. Silt. Anh. Halite Pore
Sample # (%) _ (%) (%) _(%)

Table 2 (cont.)

(%) -_(%) Quartz _SrSoy Pyrite Other

Carbonate
name

Allochems

Comments

De 2326.1 X + X
De 2829.3 , X X

De 2831.5 X . X

Percent based on visual estimation.

\
+ Present.

X Abundant.

X ' X
X Claystone
5 Clay

Silty dolomicrite

Mudstone, anhydrite
Mudstone-siltstone

Forams, peloids

Hal. in fractures, skel.
crystals: anhhal.

Anh. cemt. and nodules

Dolomite cement
in siltstone



- SAN ANDRES DEPOSITIONAL ENVIRONMENTS

The San Andres Formatlon is d1v151ble into 28 reglonally traceable cycles (Fracasso

and Hovorka, 1984) The lower cycles can be recogmzed m geophysmal logs and have been

numbered umts 2, 3, and 4 (fig. 2). The upper cycles are better 1dent1f1ed on the basis of

core character and have been__assxgnedletter de&gnatxons (Fracasso and Hovorka, 1984)
| ’ ‘

(fig. 2). Each of these cycles represents a transg’ressi%on followed by a regression'causing' -
restriction and increasingly hypersaline conditions. Thlin‘ beds of' dark-anhydritio mudstone

overlain by carbonate were. dep051ted durmg and 1mmed1ately after the transgresswn and

therefore define the base of the genetlc cycele. Anhydrlte, halite, and fine-grained clasties
I

were deposited during the regressive stages of the cycle.

The San Andres unit 4 carbonate is the thickest ‘fand most complex carbonate unit in

the San Andres. It is of particular interest because} it serves as an aquifer within the
: | v

evaporite section. The geochemistry of the brines :in the aquifer has been studied by
Dutton and Orr (1985). They concluded that the brines could have originated either as

modified connate evaporite brines or by modification olf» meteoric water introduced, into the
| evaporite section. Study of the mineralogy and vdiagene?t.ic sequence.of the unit 4 carbonate
roeksvwill likely contribute to,understanding the é‘enesxs of the brmes.

The San Andres unit 4 is composed of a»lower,bdo mmantly carbonate part (about 30 m

thick in Deaf Smith County) and an upper, dominantly halite part (46 to 52 m thlck). Six

llthologles are recogmzed in the lower part of unlt 4, forming two incomplete genetic

' cycles. In the thin lower cycle the llthologles are (1) dark, anhydrltlc mudstone, (2) wxspy,
sparsely burrowed, peloid-foraminifer dolomicrite, and (3) nodular to beddedanhydrxte.
The upper cyecle contains (1) burrowed, skeletal limestone and dolomitic llmestone,‘

" (2) ripple-laminated, anhydritic peloid dolomicrite, (3) muddy, dolomitie an'hydrite, and

(4) theoverlymg halite (fig 3). The depositional envu'onments in whieh these sedxments

were deposxted have been descrlbed in previous reports (Fracasso and Hovorka, 1984,
ico




Hovdrka and others, 1985) but will be reviewed here because,'of the relationship between
dep>osi‘tion'a1‘ environmenf and diagenetic history. |

Dark, anhydritic mudstone at the base of the cycle is interpreted as a transgre‘ssive‘
deposit. When marine waters flooded the halite flat fbrmed at the end of thé preceding
cycle, halité was dissolved. Thé insoluble components from thé halite, including niudstone
and anhydrite interbeds and disseminated materials, accumulated as the basal'deposit of
the cyele. The facies and textural relationships that indicate that the mﬁdstone formed as
an insoluble residue are discussed by Hovorka and others (1985). The materials in the dark,
anhydritic‘ mudstone were originally deposited as interbeds in the halite environment but
then were exposed to marine waters that dissolved the hélite. Thé top ‘okt‘ the dark
mudstone is gradational with dolornvite', suggesting that the uppermost 'mudstone w}as
reworked. Ripple lamination of the carbonate-mudstone mixture is evidence of reworking
of residual mudstone >in the carbonate environment.

Wis‘py-, sparsely' burrowed, peloid-foraminifer dolomicrite probably formed under
hyperséliné cohditions._ Evidence .for hypérsalinity ! inclﬁdes upward gradation into
anhydrite, low fauhal diversity, and small, sparse burrows. Sedimentary structures,
ineluding wispy lamination and fi‘ﬁe fipple laminatioh, are present but are not particularly
diagnostic of any depositional environment‘. Structures indicative of subaérial or int}ertida'l
'eprsure ai'e absent. The .cdntéct-of the wispy-laminated dolomicrite with the ovebrlying v
anhydrite is gradational by inclusion of anhydrite nodules in the dolomicrite.

-Nodular to bedded anhydrite, which forms the top of the lower incomplete cycle iﬁ
the unit 4 carbonate, preéerveé little evidence of the environmen‘t‘ ‘inv whieh it was
,d‘epos‘ited. Poorly preserved pseudomorphs of bottom-nucleated selenite gypsum in the
»SWEC Detten N'o.vl core suggest that deposition took place in a brine pool e'nvironment.
Brine pool enVifonménts were ‘vthe most common setting for gypsﬁm precipita’ti@
throth’out the San Andres (Fracasso and Hovorka, 1984), and such an environment is a

plausible origin for this anhydrite bed. Contact of anhydrite.with.vthe overlyihg carbonate

10
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is sharp. The c‘arbonate itnmedtatety aboue the anhydrite is dolomite‘withbfen‘estral pores
and sparse skeletal material. The depositional environment 'of‘ this dolomite mbay‘ be
.transitionat between the hypersaline environment of anhydrite and ,the depositional
envwonment of the overlymg normal-marine limestone.
~ Burrowed, skeletal llmestone of the San Andres unit 4 carbonate is the most normal~ -
marine carbonate mathe Permlan evaporxte sectton of the Palo Duro Basin. A dlverse _
skeletal fauna and intense bxoturbatlon are the features 1nd1cat1ng a. normal-marme
deposmonal environment. Skeletal grams mclude brachlopods, bryozoans, echmoxd plates,
forammxfers, and.bxvalves. ‘Most grams are fragm}ented», but the presence of some large,
~intact productmd brachlopods w1th attached spmes suggests that the diverse fauna was
indigenous. Abundant oncohtes, algal mlcrlte coats on grams, and other algal grams
‘indicate that the setting was fairly shallow water, m conformance_ w1th the overlying and
v'underlying shallow-water evaporite facies. ‘Burrowing has destroyed most_bedding and
admixed 'micrite 'and grains, but the abundance of grains‘ and local preseruation of
grainstones attest to hlgh—energy condltlons, as mlght be expected in a shallow-water shelf
setting. Varlous lithologies are present within this interval, mcludmg low -energy carbonate
mudstones and skeletal wackestones and higher energy skeletal packstone and gramstones.
Cross—lammated ooid gramstones represent shoal facies. These sedxments are interpreted
as being deposited within a middle shelﬂf environment, as de’fined by Wilson -and Jordan
(1983). Fine-grained sucrosic dolomite beds and nodules within the limestone section
,contai‘n the same fauna and structures as do thellimestone and. the_refore appear to be part
of the shelf_depositionalv'facies tract, dolomitized during later diagenesis. The burrowed,
skeletal ‘limestone grades upward‘ into the ove'rly’fn_g pelo_id dolomicrite with a decrease in
‘faunal diversity and burrow density and size and an increase in the, amount of dolomite.
‘Ripple-laminated, anhydritic peloid dolomierite is thebcharacteristic lithology of the

upper part of the San Andres unit 4 carbonate. Low faunal diversity and thin,bedding with

12



preserved ripple lamination, corresponding to sparse blijrrowing, characterize this interval.
Anhydrite interbeds and nbdules are abundant, and t‘fhe sediment has been dolomitized.
Bivalves, foraminifers, bryozoans, and an unusual phyllodont (fish) tooth plate occur, but
the dominant grains are peloids with rims of dolomicrospar. Peloids are preserved as -
micrite or have been leached and are now cement-filled or open molds. Peloids are round
or flattened and locally appear compacted against each other. Dark coloration due to
organic material and pyrite in concentric rings are typical in larger grains, giving them an
appearance of ooids. Microspar brims are of single crystal thickness and appear mostly
unbroken, even in areas where the grains are compacted. Similar peloids are the dominant
allochem in many other San Andres carbonates, w;here ithey may be up to several
millimeters in diameter (Bein and Land, 1982; Hovorka, 1983). ther compressed or broken
grains have been found in Precambrian carbonates from India (Sarkar, 1973), in the
Cambro-Ordovician of Quebec (Beales, 1965), and in other Permi‘an carbonates, especially
the Wichita Group in the Palo Duro Basin. The origin of these grains and rims, however,
remains problematic. \

Facies position and decreased faunal diversity suggest that the depositional environ-
ment of the ripple-laminated, ahhydritic peloid dolomicfite was hypersaline. Local possible
desiccation cracks and fenestral text;.u'es suggest tﬁat some of these sediments were
episodically eprsed. A hypersaline shelf to carbonateétidal-flat depositional environment
is interpreted for these sediments. Anhydritie dolomicrite grades upward into dolomitie
anhydrite. |

Muddy, dolomitic'anhydrite is the uppermost lithology beneath the halite. This
anhydrite differs frqm most anhydrite beds in the San Andres in that it is admixed with
mudstone and has a highly altered appearance. Small, [;oorly preserved pseudomorphs affer
gypsum and some intervals 6f finely laminated anhydritje and mudstone are present in each
core, suggesting éubaqueous deposition in an evaporite ‘brine pool. Other features, such as

beds of intraclastie carbonate, small-scale teepee s?tructures, and fenestral fabric in
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dolomite interbeds, suggest intermittent subaerial exposure in a hypersaline shelf or lagoon

to tidal-flat setting.

DIAGENESIS OF THE SAN ANDRES UNIT 4 CARBONATE
Introduction

In cyelic evaporite sequences, each sediment is exposed during early diagenesis to a
series of brines of different compositions derived from evolution of the overijing brine
pool. Each depositional cycie produced, in succession, (1) normal-marine water, (2) hyper-
saline, ca;bonate-precipitating waters, (3) marine-derived, gypsum-precipitating water, and
(4) mérine-derived, halite-precipitating water. The geochemical and facies arguments for
the marine origin of the evaporite brines are presented by Fisher and Hovorka (1986) and
Hovorka and others (1985). Marine origin of evaporite brines is significant because such
brines contain concentrations of reactive phases, notably magnesium. The advanced
(bittern) stage of evaporation was not reached within fhe Palo Duro Basin, but brines
evaporated to halite saturation were available to react with sediment. Meteoric waters
may have been contributed during episodes of subaerial exposure in the later parts of the
eycle, but their geochemical signature has not yet been recognized in the San Andres.

Diagenetic processes recognized in this study include precipitation of sparry calcite

‘cement, neomorphic recrystallization of aragonite, leaching of aragonite leaving moldie
pores, dolomitization, microstylolitization, precipitation of anhydrite, precipitation of
halite, and replacement of halite by calcite. The sequence of these processes is well
constrained in some cases and poorly constrained in others. In addition, s'ignifiCant minor

diagenetic phases are present.
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-Early Calcite-Aragonite Dia'genesi's'

Early calclte-aragomte dlagene51s mcludes preclpxtatlon of sparry calclte cement,
neomorphie recrystalllzatlon of aragomte to calclte, and leachmg of aragonite, formmg
~moldic pores. Sparry cement fills shelter porosity and moldic pores. A few examples of
" cement fabries diagﬁostic of early marine cementationhave been identified in thev DOE- |
Gruy Federal Grabbe No.i core. Fracasso and H'ovbrka (1984,' fig. 12) found possible
flbI‘OUS cement and epitaxial overgrowths on echmoderms in the San Andres unit 4
carbonate. However, in: the two wells examined in thls study, calcite cement fabmcs are
all equant spar. The early formation of this c,almte spar is evident in samples where: |
calcite cement has ocecluded porosity in nodular areas and prevented formation of later
diagenetic phases. = Commonly, nodules of calcite-;cemented skeletal - packstone and
grainstone occur within a matrix that has been dolomitiaed, microstylolitized, and
~cemented and replaced by halite. : ’ |

Neomorphism of aragonite grains to calcite, especially algal and mollusk g'rains, .was
important in} the formation ,Of burrowed skeletal lime%stone. _Neomorphism of micrite to
‘microspar probably contributed to the reduction of porosity in nodules that‘ were
unaffected by late diagenetic events. In hypersaline% facies, most or al-l skeletal grains
were leached. Original aragonitie g_rains were mos_t pervasiveiy ieached, but in some
intervals calcitic_Skeletal grains such as fOraminifers and brachiopods were removed. Many
- of these molds are filled with anhydrite and halite c':ements, indicating that mold formation
predated halite cementation. ‘

In carbonates from nonevaporite sections, neomorpnism, solntion of _aragonite grains,

and, commonly, format-ion of sparry calcite cement ocecur in the meteoric phreatic zone

(Longman, 1980‘) Such an env1ronment probably never mfluenced the San Andres unit 4 o

carbonate. Sparse suprat1dal facies in the San Andr\es are evapomte dominated, whlch

would prevent development of a meteorie ‘water system. Textural relatlonshlps between :

i

calcite cement, molds, and neomorphie spar clearly indicate that this early phase of calcite
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'idiagenesis predated the ihtroduction of halite ceme‘nt. Tirhing of this halite cementation is
probably related‘to the deposition of 50 mbof‘beddedg halite ab_oVe the carbon-ete, as
d1scussed in the . sectlon "Halite precipitation" (p. 19) :Addi"tional- examination of the
”carbonate cemerts, mcludmg stable ‘isotopic. composmon and cathodolummescence, is
needed to dlscrlmmate clearly betweevn early and late calclte cements and to ,determme
the"g’eochemical‘ setting in which cements 'precipitated. In‘.an-‘evaporite‘eetting, ‘these
familiar carbonate cements do not seehl to have the'sam’e significahce asin a nonevaporite

- setting.
Dolomitization '

DolOmitization_ was the second major diagenetic event to affect ‘the San Andres unit 4
~carbonate. In: the- most hypersaline, muddy, dolomitic anhydrite facies, dolomite is

aphanocrystalline and very dense. The hypersaline carbonate facies, wispy dolomicrite and

o ripple-laminated peloid dolomicrite, and the top of the the burrowed skeletal limestone

~have been ,pervasiVely doiomitized. Micrite matrix, micrite and skeletel"grains, and
cements are all dolomite. The dolomite conéists of miecrospar (4 to 30 micro‘ns in diatneter)
vanhedral -lo:afish crystals_. Early cement on most g'rains ih the. ripple-laminated peloid
dolomlcmte takes the form of fme (15 to 40 microns in dlameter) euhedral dolomxte spar
: mms.. The omgmal mmeralogy of the spar rlm cement is not known.

In the burrowed, normal-marme llmestone, dolomltlzatlon is patchy. Commonly the
hmestone contalns 10 to 40 percent dolomute. Some zones m the hmestone have been
~completely dolormtlz_ed; others contam no dolomite. Most of t‘he' dolomite within‘ the
_limestone} is in‘ fine to very_ fine (4 to 60 rhicron_s ih di‘ameter) rhombs ah‘d sﬂub'hedr,a.
Dolomitization‘ has va'lte'red' matrix'and avoided allochems and areas of early. calcite
cement. | | | | | .

Extensive dolomitization of carbonates is expected in\"a tharine eyaporite section

~ because of the high ‘magnesium concentrations in evaporite brines. Geochemical evidehce‘
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in the evaporites indicates that magnesium-rich brines were avaiﬂlable throughout the
. deposition of the 50-m-thick ’evapori‘te' section in the L}pper part of the depositiona_l eyele.
Why, then,}hav_e the carbonates not been pefvasively :doloﬁrhitized‘b? ‘Unt:il more is known
about the hydrology of eyaporite environments, parti'cv:uilafvly those deposited‘ iﬁ broéd, low=
relief Paleozoié epicontin‘ental settings, this question Qannot be answéred confideritly. of
all t_hé éycles within the Permian evapbrite '.sectbion, li@estone is preserved in only the San |
Andres unit 3 and unit 4 carbOnates. These cafbbnates ;-differ from those of other eycles in
rthre/e ways. ‘(1) Their depositional eﬁvirdnment was inox.-mal marine rather than mostly
hypersaline; (2) they are the thickest carbonate units i‘n‘the‘ ‘séctionﬁ and (3) the'anhydrité
overlying the carb_onat-e is USually thin and admixed w1th clastics. Further investigation is

needed to identify the 'factors'controlling dolomitization. :
Microstylolitization

Local dissolution of calcite 'is-prébably »thev.ﬂthivrd éiagenetic event aitefing the unit 4.
carbonate. Interérystalliné dissolution of calcite »alo'ngg microstylolite seams concentrated
 less soluble components, including silt, ‘organiés} ;pyritc-:::, dolomite, ‘and calecite allochems.
These concentrations define irregular. subhorizontai sur:_faces in limest_one.v I’n' strata vwith
nodular fabries, the areas lackirig' eariy calcite cemént have been compfessed }around
nodules because of microstylo’litizatibn. Concentraﬁon?s of dolomite in the microstylolitic
areas indicate tﬁat the stylolites formed after or peirhaps .during'dolomitizétion.‘ The
re}lation between micr‘ostylolit'izatidn and precipitation iof anhydrite and halite cements is

not clearly defined, but most micrbs“cylolites,form eai'ly,; before cementation.
Anhydrite or Gypsum Precip tation

The fourth major diage’neti»cb event is the precipitation of anhydrite. Anhydrite is

present throughout the carbonate, but has different! fabr.ic relationships in difi“erent

carbonate environments. In ripple-laminated, 'anhydritic peloid dolomierite and nodular to
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. bedded anhydrite, gypsum was co-precipita-ted With Vthe Carbonate sediment. Here
"anhydrlte forms beds and contalns probable pseudomorphs after gypsum crystals. Relation-
shxps that 1dent1fy the timing of dehydratlon of gypsum to anhydrlte were not seen in these :
-beds. On the bas1s of the pattern of preservatlon of other anhydrlte beds, Hovorka and
others (1985) argued that dehydratlon occurred within the first few meters of burlal.
Nodules of anhydrlte are abundant in all the carbonate. Dlsplacxve nodular fabric, formlng
enterolxthxc fabrlcs and deformed beddlng characterlstlc of sabkha depos1ts, has not been»_
1dent1f1ed in the unit 4 carbonate. Most of the anhydrlte appears, rather, to be replaclve,
occurring as-»blades that are allgned horizontally, parallel to no_dule edges, or randomly
- oriented (felted) - |
| Anhydrlte occurs as nodules, euhedral crystals, and p01kllotop1c cement/replacement. v
, Nodules are formed before compactlon, as shown by shght deformatlon of beddmg around
"I-them, and are abundant in hypersallne facies and sparse m other facles. Euhedral anhydrlte
crystals are dommantly blade—shaped, they replace both framework g'rams and matrlx,
forming after_ compaction. Inclusions of remnant carbonate in the euhedral anhydrite.
crystals do’cument_their replacement origin. 'Their-érystal»‘?for‘m indilcates that they were
precipitated as anhydrite rather: than gypsu'm'. Poikilotopic anhydrite cement/replacement
~also partly replaces dolomite allochems and matrxx, 1eav1ng only ghosts of framework
~grains. Cement/replacement is very common in the chhlta Group of the Palo Duro Basin
~ and occurs only locally in small masses in the San Andres umt 4 carbonate. Some anhydrlte
~ cement in hypersalme env1ronments precipitated early, protectmg grams from compactlon.
' Anhydrlte does not preserve fine textures well, so evidence of diagenetic g'ypsurn ‘in thev
- carbonates is lackmg |
- The dlagenetlc sequence clearly md1cates that anhydrlte preclpltatxon occurred
"~ several times durmg San Andres dlagene51s, and some anhydrlte was preclpltated (probably
- as gypsum) m the deposmonal env1ronment Some sulfate-preclpltatmg brmes derlved

vfrom this brine pool probably contributed sulfate to the underlying carbonate. Other
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anhydrite has commonly replaced halite and rarely replaced late-formed celestite.. The

pre- and oost-compactioncharacter 'o_f annydrite wlithin a single area indicates that
anhydrite precipitation took place several times. G:eochemical sam‘plin}g'b niay assist in
identifying the source of anhydriterprecipitating waters.
Halite érecipitation3 »
' The fifth major diagenetic event in the unit 4 carbonate was 'precipitation of halite. -
’ Halite occurs as a cernent, as diSplaciQe/replacive skelletal cryStals;tand as a replacement'v
of carbonate. In most moldie pores, it is ivmposs'ibl"e’to teli whether halite occurs as
bcement, f1111ng the ‘void left after dlssolutlon of aragomte, or as replacement of aragomte
vthhout a stage of void formatxon. Halite of clearly replacement orlgm replaced the
_ mierite in burrows and in the rims of echinoids and' other skeletal grains.. Chara'cter?
" istically, nalite ’replacement contains ‘no remnants of tne original ohase as incIUSions.
Other hallte cement fills orlgmal pores within the sediment, such as fenestra and
mtergranular pores in gramstone. v |
Skeletal halite crystals oceur abundantly in the muddy anhydrite directly beneath the
bedded haliteb and less abundantly throughout the carbonate section, includinglthe normal-
marine facies;_ The skeletal character of the crystalsjj results from more raoid growth of
the crystal at its corners than at face centers. The host carbonate is not bedded enough to
E permvit discrimination between a displacive and a replacive origin of vthese crystals. |
All pores, regardless of | origin, are filled with halite cement. In a few beds,
micropores are not cemented, as discussed in the section onv‘porosity (p. 22). Most of the
halite cement was presumably introduced into the carbonate by brines derived from the
deposition of the thick unit 4 hahte, but geochemxcal studles have not been undertaken to
/
document thlS relationship. Hahte is 1sotrop1c and does not readlly preserve. fine detaxl, SO
a complex-halite precipitation history mvolvmg multlpile episodes could, be masked by the.

apparent sim_plici'ty of halite. | ) ‘



Replacement of Halite by Calcite

The sequence of diagenetic events just described could héve resulted from the
introduction of brines from an evolving brine pool. Each diagenetic product--calcite,
dolomite, ahhydrite, and halite--reflects the sequential contributions from an evolving,
increasingly saline brine pool. However, the sixth diagénetic pi'ocess, calcite repiacement
of halite, represents a shift away from this pattern. The origin of the brines that
contributed this caleite needs further investigation.

Calcite ‘occurs as a poikilotopiec mosaic having coarse crystals up to 5 mm in
diameter. The lafe origin of the calcite is apparent from fextu'ral relationships. Calcite
poikilotopically cements dolomite, filling the intercrystalline pores; thus, Zs.percent of the
rocks are composed of ilate—formed calcite. Dolomite is preserved; dedolomitization
(dolomite replaced by calecite) has not beeﬁ observed. Calcite replace”s skeletal halite
crystals and contains abundant halite inclusions, indicatirig tvhatb it precipitated after halite
and replaced it, rather than filiing pores. Blocky, euhedral calcite rims many halite-filled
voids. Caleite also replaces anhydrite around nodules. The distribution of late caleite is
variable; halite is extensively replaced in éome' intervals.  Occurrence of calcite
replaéement of halite is similar to the dolomite replacement of halite previously
documented by Naimen and others (1983) and Hovorka and others (1985) in Palo Duro Basin

evaporites.
Other Diagenetic Phases

Minor diagenetic phases within the San Andres unit 4 carbonate inciude pyrite,
celestité, and quartzine (length-slow chalcedony). These phases occﬁr‘ throﬁghout thé
_carbonate. Pyrite is abuhdant as scattered framboids and cubes where clastic materials
are admixed with anhydrite in the dark anhydritic mudstone at the base of the cycle and in

‘the muddy, dolomitic anhydrite at the top. This distribution probably reflects sources of
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iron and sulfur. Iron could be contributed from the claLtics, which are red where they are |
not reduced, and sulfur from the ‘svulfates. Minor amox‘mts of pyrite oceur throughout the
carbonate, mostly as fine specks within pelmds. Orgamc materxal is fan'ly abundant within
'the carbonate and may serve as the reducing agent.

Celestite (SrSO4) occurs in trace amounts throughout the carbonate es euhedral
blades similar to anhydrite and es blocky crystals, reblacing anhydrite and late caleite.
Inclusions of»anhydrite and‘ late caleite within celestite %indicate that celestite f"orvmed-_late,
after 'precipitatio’n of these minerals. Celestite also ocicurs as a cement or a replac‘ement
-of halite in voids. |

Locally, quartzine (length-slow 'chalcedony) has neplac‘:ed anhydrite. Quartzine is a
common replecement of sult‘ates,‘ but it is rare in the San Andres within the Palo Duro ;

i
|

Basin.

_ Fractures

Fr;ctures are sparse in the San Andres unit 4 cerbonate, but -they may have been
potential pathways for diagenetic fluids. Most of the t‘ractures in the carbonate are
vertical and only a few tenths of a millimeter wide. All are fllled w1th halxte, and a few
contain isolated crystals of anhydrlte. Short fractures w1th a septarian pattern occur in
early calclte cemented nodules and within oncohtes. These fractures are filled with halite
and pinc‘h out into the host carbonate. Larger fractures are typ1ca1 of the dark, base-of-
cyele, anhydritic mudstone. In the dark mudstone at the base of unit 4, vertical fractures
are filled with red-stained halite,_ minor anhydrite, dolornite rims,v and possible trace
celestite or polyhalite or both. These minerals are difl_f'icult to identify in thick section.
No open fractures were identified. The questi}ons of orié‘in and timing of fracture raised by

Collins and Luneau (1985) were not resolved in this studﬁ' .
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'Poros‘ity

Visual examination of the core failed to identify any pores in the San Andres unit 4
’carbonaté, but hydrologie te‘stS iﬁdicate that the carbdﬁgte was. water-bearing and
permeable (Dutton and brr, 1985). In the course of this petrographic study, pores
impﬁég‘natéd with blue epoxy were first identified. Most of the pores are intercrystalline
or small‘molds. The small size of the pores makeé good visual estimation of the pbre space
difficult because of the thickness of the thin section and the ydifficuhv:‘ies of getfing good
epoxy impregnation. Porosity-permeability plugs would aid the unde.rstandinvg‘of pobosity
distribution. The distribution of ivmpregnatable pores is patchy. Some | molds and
micropores are filled, and others are open within éfsing_le slide. Miéropores were identified
in ripple-laminated peloid dolomicrite in both cores and in different dolomitized iﬁtervals
of the burrowed skeletal limeétohe in each core. | The dolomite at the transition from
vnodul‘ar anhydrite to skeletal limestone >vcontains open fenestral pores in the SWEC
G.VFrivemely No.i core and ‘micropores in the SWECv Detten No. 1 core:. These porous
intervals are poss“ibly continubus Petwéen wells.b Regional s}t‘udy is needed to confirm the
'icorrelation. In the rest of ‘thé' unit 4 carbonate; early and late calcite, anhvydrit‘e, and

halite oceluded pores; no impregnatable pores were seen. .

CONCLUSIONS

Two significant new fihdings are em'phavsized' as a résult of petrographic study of the
- . San A}nddr»es‘unit 4 carbonate in the SWEC Dett‘elnNo. 1 ahd SWEC G.‘Frieme/l No. 1 cores.

(1) Open pores in the San Andreé Formation are present in a variety of str_atig‘raphic
| pbsit»ions, especially in the dolorhite 6f the upper cycle. It is uﬁclear’fromv examination of
these‘ two cores whet-hebr the pOrb’us ionés ére connected bétween wells, The open pores
preferentially occur in microscopic intercrystailine séaces and s‘mall ‘molds. Moét large
- spaces, fractures, andrlarge molds are filled with halite cement.‘ Additional studies of |
porosity and permeability using plugs should be useful.
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(2) The unit 4 carbonate has had a fairly complex diagenetie history, including early

calcite cementation, early‘ anhydrite cemenfétion and r‘epla'ceme‘nt, do'lomitization, halite
éementation,‘feplacement Qf’ h.alité by dolorﬁite, anhy(;irite, and calcite,v precipitation of
celestite, and réplacement of ahhydrite by chalcedony.i The precipitation of a variety of
d‘i’fferent diagenetic minerals indic}at.e.s an evoiution of the chemistry of the bri(nes within
thé rock. Future st‘udiesn‘lay‘ be able td relate the present brine 'composition to the
diagenetiec phases present in the rock and mbre rigo:i.ously define th‘e‘ history of brine

evolution in the San Andres.
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Lower San Andres Unit 4

APPENDIX A. Detailed lithologic logs of the San Andres unit 4 carbonate in the
SWEC G. Friemel No. 1 and the SWEC Detten No. 1 wells.

WELL: SWEC G. Friemel No. 1 COUNTY: Deaf Smith DATE: 7/82
. . i
INTERVAL: 2583-2693 ft Lower San Andres Unit 3 and Unit 4 1 LOGGED BY: DN; BL
12
§ LITHOLOGY |[STRUCTURES COMMENTS S LITHOLOGIC DESCRIPTION
Ty - = :
b (%) g ‘
] 5} .
S
PC ?’% . 1.2 Clear to gray hal w/ small crystals & rare beading. Disseminated anh throughout.
TIN ANt ~ g
% | § Clear to cloudy. 50- to 70-mm beds hal w/ 0- to 2-mm gray anh drapes.
B hd] Gray wavy parallel to cloudy anh w/ clear brown hal, cubic w/taltered edges along horizontal banaing. Upper boundary is
= 2.5 extremely irregular. .
b~ X
B - . Zoned hal S 2 Grayanhhighly disturbed w/patchy cubic hal, becoming taminar up section. Anh contains angular dol clasts less than 5 mm.
NOT aq <M «r . v Gray anh: massive horizontal to wavy paraliel beds w/ minor black mdstn (iess than .2 mm) between laminae. Horizontal
RECOVERED clusters of white-rimmed hal replace small amounts of anh

] Massive to mosaic gray anh. almost Horizontal w/ minor black mdstn.

Very dark gray dolmtc anh: fresh, medium hard. very fine cryslallme vuggy (some megulav patches of dol). argillaceous anh
(2585.2).

Dark-gray wavy parallel to discontinuous wavy anh w/ internal dol & less than 1-mm-thick partings of mdstn. Very thin

4 laminations between 2598.5 & 2600 becoming massive up section.
G Brown & gray crossbedded algal pkstn/gnstn i y thinly i (less than 1 mm) w/ anh replacement of
32 gnstn & displacive intralaminations anh. Distorted layers appear teepeelike(?); crystallotopic anh.
Chert ing anh )
Hal cement Medium-brown anh- & hal-cemented algal gnstn/pkstn, mostly to heavy bi w/ rare, undi: foresets.
nere: " . . N
SV__ resis cracks 5.5  irregular anh nodules are elongate horizontally along stylolites & brecciated(?) horizons. Algae are ringlike plates less than
Breccia .5 mm similar to 2 units below. Bioturbation increases up section.
Slump(?) G
/G 7 E§ ; Ball-like algal bed to 30 mm
P/G
Ve °\°“°\\\ - Medium- to dark-brown interlaminated (crossbedded) algal gnstn & pkstn. Crossbeds are well formed to wavy & indistinGt;
— P/G G i—é Low-angle foresets lighter beds are more calcareous in lower part & contain more possiple algal fragments (less than .3 mm). Grades into massive
F—<—G ‘G,;— 1.5 (burrowed?) strata. Nodules up to 10 mm.

26204 7S ZT S s

Hal cement

= =4
| G gl <5
5 1}'3 =V, o Oncoiites 3.3 Gray-brown algal gnstn becoming peloidal & dolmtc w/ discontinuous wispy organics up section. Algae are chainlike, less than
4 TG S S 5 mm, & encrust brachiopods, gaslropods & other broken fragments (1- to 5-mm rinds).
=)
~ "
= A4 Vug fill .2 Gray skeletal gnstn to 30 cm thick w/ minor wispy. orgamc-nch partings. Gnsin is massive & has hal-filled molds & vugs
4 a = \ {burrows?)
W £ T
H /F X M 5
H 5 vV
-3 o
a e o
H G -
. -s
G" ®° o0 o . Ootitic 15 Olive-green oolitic gnstn: highly bioturbated: widely spaced. wispy laminated, & scattered anh nodules (.5-2.5 cm); entire
section brachiopod-rich: fower 3.5 t of oolites about .1mm: next 3 ft of oolites .25- 5mm:; then grains become indiscernible. Hal
9
oV A
replacement of fossils & anh: no bedding: burrows more hal- & dol-rich. Burrows 1-2 cm. increasing in number up section.
»i
61 2
T T 1 v
4 ~
v
Possible stylolite or early compaction
a0 1 [ °f | .
2640 T v Medium-brown peloidal(?) gnstn, lowest 1.5 ft totally bioturbatea & anh-cemented. grading up section to wavy laminated."
M/((;; 'h_’_v I.B muddy pkstn. Allochems less (han 1 mm. rouna. .
o .
M G PR ST
Q= v 2.5 Medium-brown peloiaal(?) mdstn/gnstn' mogerately aisturbea by large vertical burrows (greater than 10 mm). Some horizontal
j ’—'VMN *S_LDedamg Displacive anh (less than 10 mm) & anh/hal cements in disturbed areas. No fossils.
—P/G P/G
/ G 4.5 Medium-brown mdstn grading up section from mdstn/pkstn below, wavy to indistinct laminations, subhorizontal & essentially
s AY nonburrowed & nontossiliferous (except echinoid spines in lower 1 ).
P
=3 /G / o { Hal fracture cuts across —’E Medium-brown skeletal(?) pkstn/gnstn: highiy bioturbatea w/ anh cement & thin mollusks less than 15 mm, grades up section
_W/G, _W/G N anh-filled fracture 2.8 into nodular wkstn/pkstn (as below) in light-brown gnstn matrix. Mdstn/gnstn laminae- at top.
1W/G6__| -
L. _L? or Large burrow S -
| )GW/‘G rr Medium gray-brown wkstn to gnstn, 1o wavy lami containing dark-b: wkstn nodul than25cmw/
/(l;‘ - 0 77 6.4 irregular shape bounding surfaces. Pkstn/gnstn composed of unidentified oval grains (less than 1 mm) often fractured w/
w L - anh/hal fill in vicinity of nodules. Burrows 2-8 mm wide. Echinoid(?) spines abundant locally. Brachiopoas.
. 4 | L 1w_L4 '_/\_ ,(‘“ Hal-filled porosity :
2660 & w—r—j—r—-r‘ Fracture 2 Dark-tan wkstn grades up section 1o blue-gray wkstn/ pkstn: skeletal anh replacement. Large irregular horizons of limy, porous.
H a'.‘ . u“r N ,.T-\ elched hal replacement, dol nodules 2-10 cm. Wispy organic beds 3-4 cm thick.
»

5 ‘ Dark-gray-green gnstn; anh replacement and/or cement: large irregular horizons 5-7 cm of grainy hal pore fill.

4.6 Olive-green mdstn; slightly dolomitic; extensive burrows increasing in size & number up section (2-5 mm); burrows grainy &
S porous grading into probable etched-out hal fill.

1.4 Light- to dark-gray-brown skeletal pkstn/wkstn grading into mdstn w/ lumpy, di: less
S organlc rich up section. Allocnems are less than 1 mm & round with hal-filled moidic porosity.

Light- (o dium-b w/ displacive anh. Laminations are mastly 1-10 mm thick & may be lenticular to
wispy. Noaules range from a few mm to greater than 100 mm. but average 10-40 mm. Dol beds are only slightly distorted by the
anh.

Dark-gray-black micaceous fine siltstone. dol. very fissile w/ 1-5mm wavy laminations (oscillation rippie?). Grades up section

Organic4ich 1.4 into_dol_unit.
é_‘rSWEC field log: “2678.2-2682.3. Black shale. thin bedded. medium hard. clay size, subparallel bedding. Anh blel?s.

2682.3-2683.3. Dark-gray & brown shale. very thin wavy disturbed bedded, slight surface erosion, medium hard. 1-3% Is.

2683.3-2683.6. Dark-gray shale. very thin bedded. fresh, medium hard.

Displacive chaotic hal 2683.6-2685. Dark-gray shaly brown salt. shale very thin bedded, fresh sur'ace medium hard. Salt fresh, medium hard,
Fibrous hal fracture fili i -\ _medium crystaliine. "

Unit 3

coalesce up section. Fractures filled w/ fibrous orange hal 10 mm wide.

\ Red-brown silty mdstn, bedded (20-80 mm) to highly disturbed by displacive rregular clear hal. Bedded anh nodules (.2-3 mm)
u Cubic displacive w/ mastn 32

Minor banding . 2 Dark displacive hal cubes or minor cloudy horizons. Red mdsin drapes 2-40 mm thick. Disseminated mdstn & anh in hal
Minor organics G crystals. Fluid inclusions are minor. -
Alternating black cloudy bands of hal. horizontal w/ no solid drapes, numerous fluid & organic inclusions: 5-15% 1s clear vertical
cavity fill.
logged by DN 2690-2560 date  7/82
BL 2600-2560 . date  6/83
checked by SH date  6/83
transcribed by PH date 10/83
typeset by LH date 11/86

drafted by NM date  2/87 QA 7027




WELL: SWEC Detten No. 1

APPENDIX A (cont)

COUNTY: Deaf Smith DATE: 2/83

INTERVAL: 2738-2837 ft Lower San Andres Unit 3 and Unit 4 LOGGED BY: EC; BL; BP; ST
@
§ LITHOLOGY STRUCTURES COMMENTS S LITHOLOGIC DESCRIPTION
o g . =
@
3¢ %) . z
i < )
w PC (WA = . -
¥ . .
2740 = .:"‘,“‘;' F/B F- 10 B-type. clear to olive-green & black common large hal crystals, cavity fill & pipes where disseminated interstitial anh is
PC b1 ('""‘:"'k 5.5 sparse: apparent cyclic vanation of disseminated anh. Anh gray. black & tan, muddy in part; common euhédrai hat.possible:
,V, ‘,l v F geopetal structures in anh cavity fills.
- 14
e T S
Gray distorted nodular, mosaic anh (1 ft) sharply overlain by contorted bedded anh w/ truncated folds: contains lenticular
3.2
B bt layers of sall & hoppers at top ?pproachlng contact w/ overlying hal.
—8_ : 1.7 Yellow-gray d-sized . wispy laminae becoming bedded up section.
E = 6-cm-long by 1-cm-wide pore-filled S e & - —— - T oiteized |
G/M _\"’_-'",-"' w/.small (5 cm x 2 mm) arcs \Blue & gray et W/ sil-sized A
3 == of anh & interstitial hal 3 Gray-blue dolopkstn, indistinct beddlng. wispy laminae, bi d-sized Moldic & i porosity
Vv — S—\ ﬂlled w/ hal. Orange Iam:nauons panly replaced by pyrite.
77 61"
B
»* P.§_L et = anh-fil Gray-blue dolopkstn w/ silt-sized ripple w/ zones. Contains a few .1- to .2-ft
ot T S JEN Skeletal hash - anh-filled molds interbeds of pkstn w/ sand i
& . .
&> e -
7 61— ‘U’ Large gastropods abundant 3 Yellow-gray dolopksin w/ wispy organic-rich laminae, patchy cementation: wisps mark few areas of ditferential compaction;
2760 — bedding otherwise -indistinct: small Hal hoppers. Hal-filled moldic & intragranular porosity. = * R
B [ - | Yellow-gray dolopkstn w/ silt-sizea grains, thinly bedded. ripple laminations.
¢ 1 Y A i .
Z. 6] v
)4 L —& Compaction features - wispy lam Blue-gray partly dolognstn w/ palches of pkstn, fossils very fine, most contains . torams, coated
7"56 T (&~ around carbonate-cemented clasts grains. Bedding is thick to massive, marked by wispy organic-rich laminae, which mark ditferential compaction in areas of .
36 ‘lz — # patchy Moldic & i porostty is filled w/ hal. Contains scattered hal hoppers.
[
__G —_—
1
7 6] ——— 196
r 3 T —_—
- Gl —_—
—_
2 o ——
__G T P
7= 1 =
— 6 —6—T p—
3 — 6 —_
2780446 I =
G. G v iy S
L W/M ?_:. Very fine grains
wW/M ey ) — . :
T Yellow-gray dolowkstn, very fine grained w/ unidentifiable fossils, burrowed. .2- 10 .4-ft-thick interbed w/ gray-blue dolomastn.
»* —T — }?‘ 84 wispy laminated, bioturbated. 1-.4 ft thick. Contains anh nodules primarily in mdstn; also comanns few hal hoppers. Contacts
*,W/M TV "« . between wkstn & mdstn are. usually burfowed or disturbed in some way.
1 — oo
W/M ] e
Wi T S
; 89 ST == Allochem fining upward
#H< 61 G ) . y ;
) - 1| Areas of early carbonate cement form Gray-blue & yellow-white-gray gnstn, wkstn at base grading-up to gnstn, wispy laminae, patchy cementation: contains a
(<225 ) E— = nodules, abundant microstylolites, 6.1, skeletal hal hopper. ’
‘.““ T 1 T 1l = 2 brachiopod spines
»* —_
* LML =
LM 1 - Abundant brachiopod spines, wispy .
zvgoc Lt 1 T e lamination, organics 5 Gray-blue & wispy-lfaminated, fossiliferous mdstn w/ spine thinly In places by burrows.
7 M: ’_l T'l"' \fx Y-shaped-arm of dark-gray-blue G
hd et I . organic-rich(?) laminae in calcareous
S - é —— f mdsin w/ anh-repiaced Roppers a Z:‘,I:;;‘Z'u:: bl\:)e’ gr‘:):: gnstn, wkstn at I::::e grading up section to gnsln rich In spine fragments. Spines are flow aligned.
7 5 r | oy aligned along the y in the laminae |G Py org paichy
—
. 1 .
W6 .[_'_rs .\[ 4 Gray-blue mdstn slightly dolomitic & fossiliterous in places. Wispy laminated w/* orgamc material, contains plant matter on
T 1 T R — M parting planes. suggestion of Dlolumallon Contains closed fractures.
_— M
b P_l_' SJ_ —_— > Yellow-blue to gray-blue pkstn w/ patchy . wispy are
- T T L * S.B organic rich;. pamng planes contain. plant !ragmems
——y
Z Mj- M v Yeliow-gray in'the basal & upper portions; the middle pomon ot the interval contains highly
T 3
2™ — — * S gray laminations (protostyoitic?).
; ee g Odd texture in anh - possibly
. \ S lecwmalil?eu. aligned gypsum 7.2 ‘Gray nodules of anh in beds w/ i mildly di parallel
2820 oo o swallowtails - now nodules . * deformed: anh becomes bedded nodular. mosaic in Uppermost foot.
oo o - cL
i ; . S— 1t blue-gray forams & ?). shell bedding is contains hal-filled
cavities & hoppevs sharply overlain by yellow-gvay dolomdstn w/ parallel beds about 1 cm & low-angle translatent strata,
4.5 burrowedatbase; contains flecks of black organic material along bedding & on parting piaries: contains anh nodules following
s bedding planes. Anh increasing up section.
Several diagonal fractures: orange ) ) ¢
hal fracture fill Dark-gray & gray-blue mdstn to clystn, finely laminated, bedding disturbed; contains ropy anh'interbeds & nodules: also
5.5 contains fractures filled w/ ‘orange hal: mdstn becomes dolomitic up section.
S
Wainn Dissolution cavities 52 Bedded hal w/ both vertical-oriented crystals & recrystallized beds: zones are milky w/ inclusions, interbedded matenial is anh
Bedding tilted; some anh lam drapes. Bedded hal is truncated in 2 places by coarse, recrystallized hal w/ insoluble residue at the base.
Mg at angle to core :
logged by BL date  2/83
checked by SH date  2/83
transcribed by PH _date 1/84
typeset by LH date ~ 11/86
“drafted by NM date 2/87

QA 7026



WELL: SWEC G. Friemel No. 1

APPENDIX B (cont.)

COUNTY: Deaf Smith

INTERVAL: - 2737-2837 ft Lower San Andres Unit 4

g
g
gl I8 !
H =l |3 <A
& | LITHOLOGY |STRUCTURES| SAMPLE (8| |5 z 2lalyl . SAMPLE DESCRIPTION
gg (%) NUMBER |z[5|3 %lelz NEHE
B HEE SEE 5] 8
PC Z - —2738.5
2740 "0 :_,,"'m Vertical mastn stringers - pipes?
Pei 2 27420 Fral
NSO : Contortea beaaing in anh
& —2744.
\\ 27 3 Dolopkstn: intraclasts(?)
N \ :3;22'3 Finely lam'd aolopksin; birdseye(?)
-9 7,
G E'/M ﬁ- L Dolopkstn
= ':::h _g;glzlo Ripple-lam’'d dolmtc mdstn/wkstn: bioturbation
~ — d
VAR A4 6] <z
o <
: épé—ér—L ) _:v‘\r_ . Dolopkstn; moldic porosity
st_‘-g: - |- 2758.1
2760 Y // £ —— Dolognstn: geopetal
| 7'6 — 1 a1 - 2762.6
[ G—. v v Dolmtc gnstn; wispy lam: stylolites
— 7 1 —= I—2765.8
S// I —-'-—a‘ar_
Z, 6 | -
_,_G GI_L — )‘{ Dolm(c gnstn; anh nodules. coarse grain
6 —
6. | ——
—_— —2773.5
55— 3‘31‘ -
67_.{ =
- 1
[ 626 -_—
6 - Dolmic mastn/wkstn: bioturbation
2780145 ol v =
_wz/ M == u
W/M = _~ 27842
—~——
‘:-WLML v ,f Dolomastn/gnstn; contorted lam
CwW/M_] I _—~ -
4G 94 T < — %;g%g Bivalve gnsin: pisoiitic
* 21 = § Brachiopod gnstn
o S | = 27913
9 —_—
-G 1
Wod T v T
»* =M 1 T lM el ]r . Mastn; fine grains: hal cmt
I_['n' T . 1 -
L —_—
2800-+M—1—— & 28000
™M ™M S Lam'd pkstn: meoium graifis
{G—LGJ —~: 28024 Foss. hash gnstn
vami! —2803.2 -
67— G—?I —_— f Mdstn; abungant spines
- - —2805.4
Cwelr——T6
1 . L F.-—.2 M Dolmtc mdstn: gark grains
TH- I —
P——16 =
1 ! - * —28i2.0 Disturbed_lam'd_mastn
—~ M M. v —2813.2 Supea s o
L LM <] T ¥ 28149 Nodular ann; interstitial 0ol
i ed ' Vertical anh nodules: interstitial dol
-0 o
=3 I—2816.0
S oo
2320"\ l:s g Mdstn: anh nodules
N —2822.0 Disturbed_dolomastn/ wkstn
Foss, aisturbed dolomastn
/“Black masin; fissle. anh noguies
:%%%55? Black mastn; insoluble residue
—2827.4 cCr Fissile. iam: clayey mdsin: anh
Fissile gray mdstn
L 28293 —H
— Annyariic mastn; contorted
— %g%?osrs cc Lam: clayey mdstn: skeletal hal
2831.7,9 B hal anh drape
Wt L 2834.9 . -B hal: angled beading
A —
Wi - gggg% £ r:l:mH hal
Tr —
logged by PG date 8/85 CC = complete clastic analysis
typeset by LH date 11/86 T = total organic carbon
drafted b
Y NM date 2/87 QA7029




APPENDIX B. Sample distribution in the San Andres unit 4 carbonate in the
SWEC G. Friemel No. 1-and the SWEC Detten No. 1 wells.

WELL: SWEC G. Friemel No. 1 COUNTY: Deaf Smith
INTERVAL: 2581-2690 ft Lower San Andres Unit 4 '
& |utHoLogy |sTRUCTURes| SAMPLE [l 8l Ll 8l 15 & | i SAMPLE DESCRIPTION
ge %) | NUMBER [2| & E e §
E = Bl B =l 1S = 3 .
; R m = ggg% 8 R (1o 2584.0) Banded hal w/ vert-oriented crystais, anh
pC ) : Transition trom’anh to hal
o5 125856
- . Lam'd anh, replacive hal
— —2587.3 - -
‘Lam'd anh, replacive hal
7 :m :%gg%? - : — | Anh w/ transitional nodular bedded structure -
AECovERED _2 ' : Ropy, contorted interbedded anh & dol
S - 2594.5 :
Dol intraclasts.in anh.. hal cubes
! ‘ —\ggggg - — Lam'd vumpledb anh, teepee structures
26004 _:_ | 2601 3 Replacive/displacive lam'd anh & dol
PG —_—— b - . . . Lam'd gnsth, anh cmt, grains partly calcite
\\\&. e 2604.0 Ann layer i »
+ i . g yer in g
\ar GG y=d .\af.‘:\ ; ¢ | 2604.6 ) -Brecciated dol w/ anh matrix
L ~swss —2607.5
! P/G v o _\! . . Dolomitized, rippled pkstn/gnstn
1 P/G -2610.4 3 - -
P/GJ7/—E % . ’ Dark burrowed pkstn, microporosity
—2613.0 -
va P_/G ®o o 2615.0 Lam'd, pkstn-over disrupted pkstn
SN — X
-Pé GG G ‘;" : Distupted fam'd pkstn. dol rimming hal
-— - .
- . E_—— : _gglgg - s - - Disrupted lam'd, cross-lam'd. pkstn
2620~ /. O/ T T ?}'-‘ ; S . Continuous section through possible
o A= L oglh = =2621.2 = beach algal sequence
g % P1re 5 - [26215 ; ,
6 VooV P | 2624 | ) . <Pkstn. large allochem, anh nodule
CT. 9 o :\\2624’4 - Pksin w/ diverse fauna, large burrows
G ——— 2624.9 . Pkstn- w/_ oncolites, organics
H (ar?% . 626.6 . Dolomitic wksin/pkstn, hal replacement of shell hash
7 or - .
- G g ° ;V v Oolitic(?) gnstn
: ST T Jas oo —2632.0 ,
G™] ®*® e o ; = .
G = o_‘r . ) Olive-green oolitic(?) gnstn; hal replaced brachiopods
[ o P& —2636.5
R T 1 T VA Olive-green gnstn, hai
: 6 1. v |-2639.0 - -
26404 L T lv[ . 1 f_a/\/\f\ , Pkstn, burrow w/ phosphate(?)-fill, anh replacement }
" /g ST v tgg:gg 7 - {_Prsin/wisin._hal cmi prosphate(?) in burrows
M G. ‘:‘-\!_,._,;, -564 42 v pkstn/wkstn, large hal-filled pores
) o -
) - . Hal-cemented pkstn/wkstn, pinpoint porosit
P/G. pgl vy [eeae2 - -
v ‘ Cmt nodule in hal-cemented pstn
| Bladed anh in hal- cemented pkstn/gnstn
W B/ ] /\ ) }( E\\%gg?g ‘Typical gnstn - ==
" - -
| / G '-\2652 0 Burrowed/nodular contact between gnstn and pkstn
T "l/ _L? fw —\g( 223 PKsin/gnstn, hal cement in Upper pan
| W /// )W az 58 ] - .Hal-cemented Is w/ hal- & anh-filed cracks
W/GA l’;—n /4 —\gggg g Burrowed pkstn; brachiopoa spines, hal-filled porosity
1 . )
Z 1 1l—~ F265 96 Burrowed wkstn: hal replacement is porous
26601 'I’ LI . W 1l & e ‘Dark-tan aolomitic wkstn/pkstn
. —
w 16 Dark-gray-green pkstn/wkstn
olive-green jtic mdstn, hal
as above g
Wispy-lam'd Is. compacted burrows
Rippled contact between dol-anh-is
Replacive anh nodule in iam‘d dol
Nodular anh.in lam'd calcareous dol
06 Black shale

TOC Fissile, very dark shale.

Well-lam'd, fissile. dk_shale; anh & dol patches

Lam'd, fissile, dk-brown mdstn

- ToCH Fissile mdstn & zstn
ToC s Layered doimtc zstn boudins(?)

~_Contorted. red-brown mdsin & Clysin; ann

\\_Bedded B-type hal

Fine salt, anh; some mdstn

Hal w/ anh laminae

logged by VDN date 8/84 . . iR insoluble- residue
: —_— organic geochemistry

typéset by LH ) . date. 11/86 ' TOC - total organic carbon

grain size analysis
drafted oy NM date _g_/SL__ cc complete clastic analysis

QA 7028




APPENDIX C. PETROGRAPHIC DESCRIPTIONS OF THE SAN ANDRES UNIT 4 -

CARBONATE IN THE SWEC G. FRIEMEL NO. 1 AND THE SWEC DETTEN NO. 1 WELLS



SWEC G. Friemel No. 1



Sample # F 2589.0

Slab description: Dolomite-anhydrite intraclast conglomerate w1th abundant skeletal hahte
crystals
Stratigraphic interval: San Andres unit 4 anhydmte

Composition:
. Dense carbonate--dolomite or possibly magnesite (32% est.): Clasts and matrix

Anhydrite (45%): Coarse to fine blades serve as matrix/cement for dolomite; coarser
equant anhydrite +/- celestite _

Celestite(??) (1%): Coarse crystals replacmg anhydrlte have anhydrite crystals
within them.

Halite (20%): Skeletal displacive crystals, abundant mclusxons of anhydrlte and
carbonate in them. Halite has partly replaced/cemented some carbonate.

Opaques (1%): Pyrite and leucoxene

Fabrie: Intraclasts are mostly somewhat rounded, slightly size sorted. This is probably a
- detrital assemblage, although the extent to which large sulfate grains are clasts or
replacement is unknown. Some areas are mostly ordinary anhydrite nodules with few

or no intraclasts of dolomite.

’ Interpretatlon. Resedlmented evaporites--channel fill(??); fabric later disturbed by growth
of hahte :

¢

Photography: 3 slides

Comments: XRD to check for dolomite/magnesite, celestite/polyhalite, or all anhydmte.
Any quartz?



Sample # F 2594.5

Slab description: Interbedded anhydrite and dolomite, some laminated fabrie, some
intraclastie fabrie, possible pseudomorphs after gypsum
Stratigraphic interval: San Andres unit 4 anhydrite

Composition:
Anhydrite (85% est.)
Dolomite (15% est.): Anhedral aphanocrystalline isolated to mosaie crystals
Quartz (or celestite, trace): Replacing anhydrite with preserved anhydrite laths in it

Fabric: Complex fabrie. Looks like probable large gypsum crystals were covered by
‘dolomite-gypsum sediment. During diagenesis this fabric was modified, possibly by
expansion similar to that of sample # F 2599.0, by nodule growth, or even by p0551b1e
dlssolutlon and collapse; may have contained some halite.

Interpretatlon: Subaqueous gypsum deposltlon, complex and atypical diagenesis; large
amount of dolomite in gypsum environment is not typical in the San Andres either.

Photography: 1 slide

vvComments. XRD to check for magnesxte in fine, dense dolomlte, celestlte, and quartz. Is
any clay present?



Sample # F 2599.0

Slab description: Laminated, periodically rumpled anhydrite and dark, silty terrigenous
mudstone. The laminae have expanded and buckled up to form ridges with a tee- pee
cross section and a polygonal pattern on the bedding surface.

Stratigraphic interval: San Andres unit 4 anhydrite

Composition: : : '
Anhydrite (90%): Crystal size varies from laminae to laminae, from horizontal
coarse blades to fine equant anhedral mosaiec.
Mudstone (10% est.): Oriented sericite; quartz sxlt, dark brown color apparently from
org‘amcs, abundant pyrite

Fabriec: Fmely lammated, laminae average 0. 3 mm wide and are defined by changes in mud
content and anhydrite orientation and crystal size. Slide was selected to examine the
regularly spaced miniature tee-pee structures. The core of the tee-pee is formed by
folded, bunched, or somewhat nodular anhydrite causing a thickening of one lamina.
Overlying laminae have parallel folds, enlarging the structure. A few laminae have
been thrust faulted at the crest of the anticline. Shear has occurred along the muddy
layers. Tee-pees are confined to a few laminae and are not stacked.

Interpretation: Structures are the sort that might have formed by hydration of gypsum.

Photography: 3 slides -



Sample # F 2601.3

Slab description: Lammated, shghtly disrupted dolomite w1th anhydmte that is partly
replacive, partly displacive or precompactional
Stratigraphic interval: San Andres unit 4 carbonate, top

Note: Not stained

Composition:

Dolomierite (70% est. ) ‘ , :

Siliciclastic silt (10% est.): Angular grains concentrated in layers and scattered
throughout slide, quartz, twinned feldspar, and silt

Allochems (5%): Mostly peloids, some with mms, some squashed; fragments of
brachiopods; forams are sparse.

~ Anhydrite (15%): Horizontally elongate nodules cut across bedding; anhydrlte has

replaced dolomite, as shown by abundant inclusions of dolomlte in anhydrite;
medium crystals, felted

Quartzme (trace) Length-slow chalcedony replaces anhydrite in a few spots.

Fabric: Closely spaced lamination (0.3 mm) defined by silt and organic stain, alternated
with thicker, ripple-laminated laminae. Anhydrite nodules have only locally disturbed
bedding in dolomite, indicating that replacement is dominant over displacement. The

~deformation present could reflect either compaction or minor displacive growth of
anhydrite.  Vertical hairline fractures are filled with trace amounts of halite and
blades of anhydrite.

Interpretation: Lamination might be algal, might even be eolian.

Photography: 2 slides



Sample # F 2604.0

Slab description: Laminated grainstone with anhydrite cement
Stratigraphie interval: San Andres unit 4 carbonate, top

Note: Etched and stained for caleite with alizarin red

Composition:
Allochems: ’ )
Peloids (60 to 20% est.): 0.05-mm pellets, large 0.4-mm intraclasts,
gradational between squashed and whole; many have mierospar rims.
Encrusting bryozoans, echinoid plate, other skeletal grains (5%): Bryozoans are
large plates.
Microspar (10 to 30%): Very finely crystallme anhedral isolated crystals to mosaic
Anhydrite (10 to 65%): Coarse, felted blades serve both as a cement and as a
replacement of allochems and matrix. Amount of replacement cannot be
determined because some areas may have had gypsum mud matrix or have been
intensely replaced; minor amount of replacive anhedral anhydrlte with
inclusions of dolomite like sample # F 2604.6.

Fabric: Well laminated; l'aminatiOn' defined by strong horizontal orientation of g'raiﬁs and
by amount of anhydrite cement. Laminae with less anhydrite cement is most
compressed. : :

Interpretatlon' Bryozoan has a rim of dolomlcrospar, which supports an early rim cement
origin.

Photography: 3 slides

Comments: All carbonate is dolomite.



Sample # F 2604.6

Slab desecription: Anhydrite bed in burrowed cross-laminated grainstone
Stratigraphic interval: San Andres unit 4 carbonate

Note: Etched and stained for caleite with alizarin red

Composition:

Allochems:
Peloids, rimmed grains, tubes (40% est.): Most abundant grains are indistinct,
almost indistinguishable from micrite matrix. Other grains are clearly defined
by dolomicrospar rims and are round, flat, or paisley shaped, like squashed
ooids, dolomicrite-centered or halite-cemented molds. Flat ones have much
narrower cross sections than round ones, and so there are not two sections
through the same grain. Some have complexly chambered or "wormy" internal
fabric and double shells of microspar, but these are mostly molds--might be
algal grains. Diameter 0.08 to .2 mm.
Echinoderm plates, ostracods (trace)

Dolomicrite (50% est.): Aphanocrystalline

Anhydrite (10% est.): Coarse (0.6 mm diameter) ponkllotoplc anhedral crystals have
replaced dolomite allochems and matrix. Inclusions of dolomite are abundant,
but ghosts of allochems are not well preserved within the replacive anhydrite.
The replacement anhydrite may be nucleated on lesser amounts of void-filling
anhydrite cement (intercrystalline and mold filling). Some is-also associated
with finely crystalline, felted anhydrite nodules. ' _

Halite (1%): In molds and in hairline fractures extending out from the thick anhydrite
bed

Length-slow chalcedony and macroquartz (trace) replacing anhydrite

Fabrie: Crossbedding is not well defined in thin section because of burrowing. Vertical
micrite and anhydrite feature, which may be a desiccation crack or a burrow, cuts
the anhydrite bed.

Interpretation: Pelmicrite with interbeds of gypsum, possibly in an intertidal/supratidal
environment; suggestion of two stages of anhydrite diagenesis: (1) cement and nodule
and (2) replacive. The halite-filled hairline fractures might have formed after
lithification of the thick anhydrite bed; they also contain euhedral anhydrite cement.

- Photography: 7 slides



Sample #F 2607.5

Slab description: Real or pseudobrecciated dolomite, anhydrite between clasts
Stratigraphic interval: San Andres unit 4 carbonate, near top

Note: Etched and stained for calcite with alizarin red

Composition:

Peloids (35% est.): 0.05 mm diameter, round and well sorted; peloids have a variety
of morphologies, including dense dolomicrite, dolomicrospar, grains with
hematite(?) replacing the center, grains and molds with microspar rims, molds
filled with poikilotopic anhydrite cement, empty molds.

Dolomicrite (38% est.): 0.015-mm subhedral dolomite

Anhydrite (25% est.): Medium crystalline (0.08 mm) subhedral felted mosaic of laths
forms nodules and slighty coarser poikilotopic erystal cement.

Pores (2%?): Molds and intergranular pores; not impregnated, so it is difficult to be
sure that these areas are pores and not etched-out halite cement; but stub does
not taste of halite.

Fabrie: Cross laminated; laminae cut by vertical features filled with dense micrite or
anhydrite mosaic that may be desiccation cracks. Original fabric disturbed by growth
of displacive/replacive anhydrite nodules. Some anhydrite appears to be beds cut by
micrite-filled vertical cracks.

Interpretation: Pelmicrite, cross laminated, possibly desiccation cracked; anhydrite of
primary (gypsum mud drape) as well as abundant diagenetic cement and nodule origin

Photography: 1 slide

Comments: No taste of halite on stub; all carbonate is dolomite.



Sample # F 2610.4

Slab description: D()lomitized, rippled packstone and grainsto’ne. The largest ripples are
' 2 cm tall . : : :
Strat1g'raph1c interval: San Andres un1t 4 carbonate

| “Note:‘ Impregnated; etched and stained for calcite with alizarin red

Composmon. : '
Allochems (42% est.): All dolomlte, (all tubes. and round grains) 0.1 to 0. 04 mm in
diameter with radial 0.01-mm-thick dolomicrospar coats; some similarities to
- squashed ooids, in that the same kind of coats range from round to elongate;
with some paisley-shaped intermediate forms. . Micrite centers, dark-stained
micrite centers with pyrite at ‘the center, epoxy-filled molds, and
halite(?)-filled molds all occur intermixed with the same kind of rim. Micrite-
filled grains are most abundant in areas with micrite cement, halite-filled
grains in-areas with -a matrix of coarse dolomite and intercrystalline halite.
_This is the same material that has been described as round grains and girvanella
below, but here it appears to be one kind of grain. The proportion of round
_ grains to elongate grains seems too high for all of the grains to be tube shaped.
- Matrix (35% est.):. 0.04-mm rhombie to anhedral dolomlte, sllghtly finer and more
loaf shaped where halite cement is minor :
- Halite cement (15%. est.): Fills- molds and mtercrystallme voids; skeletal hallte
crystals in micritic areas. .
Anhydrlte cement (5% est.): Laths fill molds and 1ntercrystalhne vmds, flattened
nodules along bedding planes ‘
Celestite (trace): Associated with anhydrite
Pores (2% est.): In ‘molds and intercrystalline voids

Fabrlc' Ripple lamination defmed by variation in allochem preservatlon (percent of moldic
grains) and by micrite matrix preservation. Some ripple tops highlighted by elongate
nodules of felted anhydrite. Other ripple tops with micrite matrix contain molds in
celestite, anhydrite, and halite of skeletal halite crystals. Celestlte has replaced
‘halite; euhedral anhydrlte blades may have replaced celestite;. pe101d grainstone-
packstone

Interpretation: Restricted fauna, intertidal/supratidal channel?

Comments: Check sulfate mineralogy.



- Sample # F 2613.0

Slab description: Dark, burrowed packstone‘with microporosity
Stratigraphic interval: San Andres unit 4 carbonate _

Note: Impregnated; etched and stained for calecite with alizarin red

bl

Composition:
Allochems:
Round moldie grams (5% est.)
Peloids (10%): Round 0.04- to 0.08-mm grams of dense mlcrospar and slightly
. larger mdlstmct grains of less dense microspar
Matrix:
Dolomicrospar (77% est.): Fmely crystalline (0. 04 mm) rhombs and anhedra
Cements:
Anhydrite (3% est.): In nodules of. finely felted crystals and as mtercrystallme
: cement and filling molds, especially of organlc grains
. Halite: Difficult to identify because 1mpregnatlon is uneven, but hahte taste is
very weak on the stub, might be minor. :
Porosity: Impregnation is uneven, but might be as much as 5%.

Fa\_bric’: Structureless in thin section

Comments: All carbonate is dolomite. .



‘sample # F 2615.0

~Slab descr1pt10n° Rlpple lamlnated pellet-tube packstone overhes dlsrupted packstone.
Stratlg'raphlc 1nterval. San Andres unit 4 carbonate ‘ .

Note: Etched and stained for caleite with allza,rmv red; poor impregnation

Composition:
- Allochems:
Peloids (5% est.)
Tube (5% est.) . S e : o
Round moldic - grains (1096) Might have 'been either girvanella, peloids, or
~ possibly forams- - s
Orgamc matemal (<1%): Large crushed grains, smeared stains
" Matrix:
Dolomlcrospar (659% est.)
Siliciclastic silt (<1%): Scattered
Cement:
) Anhydrlte (5% est.): In molds of round g'rams, mtercrystallme cement
Halite (8% est.): Intercrystallme pores in dolomite, molds of round grains;
exact amount is difficult to determme because of poor lmpregnatlon, but
' stub tastes of halite.
Pores: Impregnation is poor, but light- colored areas of the shde (30%) may have 5%
: mtercrystalhne porosity. : ,

Fabrie: Ripple laminated at the top, slightly‘ burrowed ’belo‘w; lamination defined by
‘ : variation’ in abundance of dolomicrite matrix and preservation of mieritic peloids.

Interpretation: Dolomitized, ripple-lamvinated gi’rvanella-pelmicrite; resfricted facies

Comments: All earbonate is dolomite.
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Sample # F 2617.4

,Slab descrxptlon'v High-angle, rlpple-lammated glrvanella—foram(") packstone with large-
displacive skeletal halite crystals rimmed by calcite and minor celestlte
Stratigraphic interval: San Andres unit 4 carbonate

Note: Impregnated; etched and stained with alizarin red for calcite

Composition:

Allochems:
Girvanella (3096 ? est.) mcludmg abundant 0.06-mm- round grains composed of a
radial, fine crystalline dolomite; most are moldic and are filled with calcite or
halite; a few have micrite centers, suggestmg that most of these grains might
be coated grains.
Forams (1%): Possibly some or all of the round moldic grains are forams, but
only a small number of the grains show the chambers typical of forams. ,

Dolomicrospar matrix (40% est.): 0.015-mm, loafish to euhedral crystals are the
dominant matrix in areas without calcite.

Calcite cement (25%): = Poikilotopic cement in some areas of the slide partly or
completely replaces molds of halite crystals.

Anhydrite (2%): Small felted nodules have replaced carbonate, xsolated laths occur in
carbonate and in the outside rims of halite masses.

Celestite (<1%): Clearly replacmg calcxte at the rims of nodules

Siliciclastie silt (<19%) . :

.- Porosity (<1%): Moldic (in round gralns) and mtercrystallme (in areas of coarser

dolomlte) pores shown by 1mpregnat10n :

Fabric: Rlpple lamination defined by amount of dolomlte matrix, packmg of allochems,
and direction of elongation of allochems. Dolomitized girvanella-peloid-foram pack-
stone, probably initially was a g'ramstone with pores lost to  compaction and
cementation by dolomlte

This slide shows one of the clearest examples of a late diagenetic sequence. All of
the original calcite has been dolomitized. The timing of dolomitization relative to
other phases is not clear but might be precementation by halite because dolomite
crystals appear to be floating in halite. Displacively grown skeletal halite crystals
have deformed original ripple lamination and probably have cemented grainy areas
and filled molds. Caleite replaced halite extensively, forming a mosaic of coarse
anhedral to subhedral crystals. Abundant ineclusions of halite in caleite and calcite
clasts of skeletal halite crystals demonstrate replacement origin. Celestite replaced
calcite at the edges of large nodules. The replacement origin is shown by inclusions
of calcite along remnant calcite crystal boundaries in celestite. Blades of anhydrite
have replaced celestite and calcite at margins of skeletal halite crystals. Replace-
ment origin is shown by euhedral geometry of the crystals and by inclusion of caleite
in anhydrite. Small finely crystalline anhydrite nodules and anhydrite cement in
round allochems might have precipitated earlier or at the same time as the blades.

Interpretation: Well-sorted, restricted, algally dominated fauna and high-angle ripple
lamination mlght represent a channel flll in an intertidal-supratidal settmg

Photography: 7 slides
Comments: | Very clear diagenetic aequence; check c'el,estite-mineralo'gy on SEM.
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Sample # F 2618.3

Slab . description: Dolomitized,' laminated, and‘ ripple »1_arr‘1inatedi peloid-girvanella(?)
wackestone T 2
Stratlg'raphlc mterval. ‘San Andres unit 4 carbonate

Note: Impregnated; etched and stained with ahzarm red for calcite

-Composition:

Allochems:
‘Peloids (5% est.): Indlstmct mlcrltlc grains - L :
Tubes(") (5% +/-): Indistinct tubes and round grams, 1dent1ty of. round moldlc
grains questionable, might be forams :

Dolomicrite matrix (75% est.)

Calcite spar cement (10% est.): In lower part of slide, poikilotopic coarse erystals

Siliciclastie silt (1%): Scattered grains, mostly in the upper part of the shde ST

Porosity (1%): Molds impregnated '

Halite cement (2%): Fills many round molds, mtercrystallme areas

Anhydrite nodules, anhydrite cement (<1%): Contain pyrlte ’

Orgamc stain and smeared org‘amc grains (1%) s

Fabrlc' Lammatlon and ripple lammatlon defmed by orgamc materlal, concentrations of
peloids, and orientation of elongated grains. The upper part is mostly dolomite with
only sparse calcite cement; moldic and some possible intercrystalline porosity is
abundant ‘in this interval. The lower part of the slide has abundant calcite spar,
which might be filling pores in an initially very porous rock or might be replacing"
micr‘i'te matrix or halite cement. This area is dark in the slab.

Interpretatlon' Sllty, dolomltlzed peloxd blomlcrlte, more late poxkllotoplc calcite cement
of unclear orlgm ' . :

Comments: Stam shows that 10% of carbonate is calcit‘e;
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Sample # F 2621.2

Slab description: Two slides (F 2621.2 and F 2621.5) make up a crossbedded, laminated
sequence interpreted as a berm and overlying algal mat sequence; ripple-laminated
foram-girvanella-pellet grainstone

Stratigraphic interval: San Andres unit 4 carbonate

Note: Etched and stained, but stain didn't take; impregnated

Composition: Like sample # F 2621.5
Tubes, round molds (40%)
Dolomite matrix (37% est.)
Calcite spar (10%): Mostly in burrows
Halite cement (10% est.)
Pores (1%): Impregnated molds of round grains
Anhydrite nodules, pore-filling cement (1%)
Scattered siliciclastic silt (less than 1%)

Fabrie:  Slightly burrowed, crossbedded to laminated, dolomitized girvanella-pellet-
biosparite and biomicrite; all exceptionally well sorted, fine-grained, with restricted
fauna; berm origin plausible; calcite cement in burrow fills, some grainstone layers;

- dolomite is coarser in grainstone areas.

Interpretation: Interbedded grainstone and packstone; complex diagenesis involves
dolomitization, compaction, calcite cementation, localized anhydrite cementation,
and nodule growth. -

Photography: 2 slides

Comments: 1% moldic porosity; stain does not show calcite, but acid shows that patches
with poikilotopic cement are calcite similar to the underlying sample.
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Sample #F 2621.5 -

Slab description: Two slides (F 2621 and F 2621.5) are a crossbedded, laminated sequence
interpreted as a berm and overlying algal mat sequence; ripple-laminated foram-
girvanella-pellet(?) grainstone '

Stratigraphic interval: San Andres unit 4 carbonate

Note: Etched and stained with alizarin red for caleite; impregnated with pale blue epoxy

Composition:

Allochems: (30% est.): Oval to round 0.05- to 0.1-mm grains outlined in dolomite;
not enough structure left in most to determine original allochem with certainty;
some are definitely forams, others may be girvanella tubes, ooids, pellet rims.
Small thin-shelled bivalves, organic grains (sparse)

Pellets preserved at top and bottom of the slide in areas with dolomite rather
than poikilotopic calcite matrix

Siliciclastic silt (1%) :

Calcite spar (50%): 5-mm-diameter poikilotopic crystals, mosaiec of embayed
crystals ,

Dolomite matrix (14%): At top and bottom of slide; finely crystalline 0.015-mm
loafish to rhombie erystals '

Halite cement (5% est.): In molds of round grains, intercrystalline areas in dolomite

Small anhydrite nodule with pyrite erystals in it.

Fabrie: Crossbedding defined by size and density of allochem molds best seen in whole
slide; allochems better defined in overlying slide; "algal" layers described from core
correspond to dense dolomite with preserved horizontal girvanella filaments, whereas
ripped intervals have calcite cement and are less compressed.

Interpretation: (1) Allochems dolomitized; (2) poikilotopic calcite cement prevents
compaction. Timing of halite cement unclear. Calcite may have cemented
grainstones rather than packstones.

Photography: 2 slides

Comments: Stain shows that about 50% of the carbonate is dolomite; caleite occurs only

as poikilotopic cement, as a few preserved calcite allochems, present only as a late
cement, and as a few remnant allochems. No impregnated pores.
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Sample # F 2624.1

Slab description: Oncolite mollusk packstone; anhydrite nodule replaced at rim by caleite
Stratigraphie interval: San Andres unit 4 carbonate

Note: Impregnated, etched, and stained with alizarin red

Composition:

Allochems:
Mollusks (5% est.)
Oncolites (5% est.)
Forams and algal fragments (19% est.) ,
Ostracod fragments, phosphatic grains, brachiopod and bryozoan fragments
_ (trace)

Matrix:
Calcite: Spar (5%) in allochem molds, intergranular cement; in tubes in
oncolites and algal grains. Microspar (20%) matrix associated with dolomite in
areas outside of burrows; micrite (10%) matrix in burrows, filling within and
around many forams \ - '
Dolomite (average 30% est.): Fine crystalline (0.03 mm) loafish crystals in
areas of microspar, not in burrow fills

Anhydrite (1%): 1-cm nodule composed of aligned medium crystals of anhydrite,
extensively replaced by calcite spar

Halite replacing allochems (5%), especially outside of burrow fills; forams and molds
are crushed and filled with halite. ,

Celestite (trace): Filling foram molds, replacing(?) mxcrlte, may be being replaced by
calcite; mixed with anhydrite and hard to identify -

Fabrie: Nodules defined by (1) areas of dolomite and microspar replacing some closely
packed forams and (2) micrite matrix of the internodular areas. Sparry dolomitic
nodules look bleached compared with darker, more organic(?) allochems of the
oncolites and with internodular areas. Internodular areas are more compacted.
Coarse anhedral crystals of calcite have partly replaced anhydrite. Caleite crystals
contain remnant anhydrite. Coarser, felted anhydrite masses around the edges of the
nodule msy represent renewed anhydmte preclpltatxow organic compacted parting at
base

Interpretation: Micrite-rich equivalent of sample # F 2624.4; may also be a grainstone
with compaction of micritic grains :

Photography: 4 slides

Comments: Stain shows that 30% of carbonate is dolomlte No por051ty was shown by
1mpregnatxon. » .
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Sample # F 2624.4

Slab description: Oncolite grainétone, diverse fauha, large burrows
Stratigraphic interval: San Andres unit 4 carbonate

Note: Etched and stained with alizarin red for calecite, impregnated -

Composition:
Allochems:

Oncolites (15% est.): Dense micrite, foram fragments, tubes; well-formed
concentric coats indicate formation in agitated water.

Mollusk fragments (15% est.): Spar-filled molds; gastropods may be dominant,
evidenced by large and small intact shells. Many sparry grains in spar
cement defined by thin micrite coats.

Forams (20% est.): Brown stain, filled and cemented by micrite

‘Pellets and intraclasts of pellet sparite (5%)

Algal fragments (trace)

Brachiopod fragments with oncolite coats (trace)

Halite-replaced grains (trace)

Echinoid plates (trace)

Calcite spar cement (45% est.)

Dolomite (<1%): Very fine loafish crystals (0.015 mm) replacing micrite in a few
spots :

Celestite (trace) as intergranular cement

Fabric: Many of the grains in the grainstone have been filled and coated by micrite,
suggesting that this assemblage has been reworked from muddier sediment;
gastropod-oncolite biosparrudite

Interpretation: Moderately diverse faunal assemblage, although the abundance of
gastropods and oncolites suggests a slightly stressful (shallow and agitated[?])
environment, perhaps marginal to a normal environment, which provided the
fragmented diverse fauna.

Photography: 3 slides

Comments: Stain shows that more than 99% of the carbonate is caleite; no impregnatable
porosity because of sparry calcite cement

16



‘Sample # F 2624.9

Slab description: Dolomitie packstone with oncohtes, concentration of organies at top,
possible microporosity in oncolites? :
Stratlgraphxc interval: San Andres unit 4 carbonate

Note: Etched and stained With alizarin red for calcite, impregnated

Composition:
Allochems: ~ .

Oncolites (296) Dense micrite with a brown stain; did not stain well, so might
be dolomitic. Small and large tubes preserved in oncolite; most are
nucleated on skeletal material.:

Blvalves (5%): Large shells with preserved sparry structure, may be molluskS'
some brachiopod spine sections; thin oncolite coatings

Forams (8%): Intact and compressed chambered spheres and tubes with strong
brown stain; some are encrusting brachiopod spines (some of this mater1al

, mxght be spores or algae?).
Matrix:
Calcite (40%)
Dolomite (409%)
: Coarse silicielastic silt (<1%)
Calcite spar (5%) fills allochem molds
Halite(?) fills trace porosity, as indicated by presence of impregnation only at the
edges of the slide. :

Fabric: Silt, dolomite, caleitie allochems, and organic material is concentrated at the top
of the slide with a wispy, microstylolitic appearance. Oncolites are concentrically -
cracked, and cracks are filled with halite. S

Interpretation: Faunal diversity is low, although identification of bivalves would be useful
‘ because brachiopods and forams would suggest normal marine conditions. Dissolution
of caleite to produce wispy lamination at top of slide occurred after dolomitization?

Comments: St3ining shows that about half the carbonate is dolomite. Impregnatable
porosity exists only at the edges of the slide.
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Sample # F 2626.6

Slab description: Dolomitized packstone/wackestone, wispy laminae, halite replacement of

allochems
Stratigraphic interval: San Andres unit 4 carbonate

Note: Etched and stained for calcite with alizarin red

Composition:
Dolomiecrite matrix (40% est.)
Calcite spar (40% est.): Coarse, poikilotopic subhedral g'rams, fills pores or rims
halite
Halite (20% est.): Filling centers of allochem molds
Phospate (>1%): Conodonts(?)
Anhydrite-filling pores (<1%): Euhedral blades
Siliciclastic silt (trace)

Fabriec: ~ Burrowed and wispy-lamihated, dolomitized skeletal fragment packstone/
wackestone

Interpretatlon' Caleite has a similar occurrence but is not as euhedral as dolomxte where it
rims halite. . Calcite is postdolomitization, probably posthalite.

~ Photography: 3 slides

Comments: Stain shows that 50% of carbonate is dolomite.
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Sample # F 2632.0

Slab description: Dolomitized oolitie(?) grainstone
Stratigraphie interval: upper part of San Andres unit 4 carbonate

Note: Etched and stamed for caleite with alizarin red; staln only took well in lower rxght
corner. :

Composition:
AllochemS°
Ooids (10%) Radial strueture preserved, several shells' typically shells are
buckled and spalled apart; dominant at the base of the slide
Coated grains (10%): Single shell with radial structure rims allochems; mostly
 algal grains : o o :
Compressed organic grains (30%): Some concentic lamination reminiscent of
~  ooids, but compressed, embayed, and cracked by septarianlike eracks '
Microspar intraclasts
'Blue-green algal fragments, preserved as halite- fllled molds .
Ostracods, bryozoan fragments, brachiopods, forams (>1%): Dolomitized
Molds (10%): Filled with halite, poikilotopie dolomite and anhydrite
Calcite matrix (10%): anhedral calcite spar matrix embayed by micrite -
Dolomite matrix: 0.05-mm dolomite rhombs (15%); micrite (15%); may show original
spar/micrite relationships modxfled by dolomitization; micrite fllls burrows,
preserved in pockets : :

Fabric: Wispy-laminated seam at the top is corhposed of tightly compressed‘ organic
material in micrite matrix.. Most of the slide below this is composed of orgamc
caleitie(?) material; Iarge micrite and spar—fllled burrows :

Interpretation: = Ooids unusual because radial struecture is preserved; dolomitized, poorly
washed ooxd-algal(") sparite

Photography: 3 slides

Comments: 15% of carbonate is dolomite; staining is ambiguous in organie grains. Epoxy |
has stained pink. Porosity/halite relationships are indeterminable after staining, but-
halite taste is weak on slab.
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Sample 4 F 2636.5

Slab descrlptxon. Oncohte—mollusk packstone
Stratlgraphlc interval: Lower San Andres unit 4 carbonate

Note: Impregnated S S -

Composition:

Allochems (mostly calcite)
Mollusk fragments (5% est.) _ , Ty ‘ _ .
Large oncolite (15% est.): Dense micrite, mottled, algal structure, compressed

appearance, many have been extensxvely replaced by neomorphlc spars.

Phosphatie grain : v

Matrix (70% est.): Pelleted micrite clots in and partly replaced by 0. 04 mm rhomblcv
dolomite (45%) and void- flllmg caleite spars (25%). - .

Halite cement (10%): Filling mtercrystallme areas in the matrix, centers of large
vugs of indeterminate origin.

Anhydrlte and celestlte(’) (trace) Fllhng large vugs

'Fabrie:  Poorly washed oncohte-mollusk sparite, abundant dolomite, some sparry calcite, |
- possible intermediate halite replacement; 1mpregnated only where halxte cement has
been dlssolved at the edges of the slide - : .
- Photography: 3 slides

Comments: Stain shows that about half of the carbonate is doiomite, half is calcite.
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Sample # F 2639.0

Slab description: Olive-green ooid-brachiopod grainstone
Stratigraphic interval: Lower San Andres unit 4 carbonate

Note: Impregnated, etched, and stained for caleite with alizarin red

Composition:
Allochems (all calecite):
Ooids/coated grains (60% est. ) Well-sorted, round grains with thick, complete"
. oolitic coatings; brown color and minute fluid ineclusions define radial
structure; centers are dense micrite, some possibly algal; grains are
’ tig'htly packed; locally, grains are squashed, in places even coalescing to
wispy micrite.
Brachiopods (5% est.): Large whole, thin-walled punctate brachiopods, may be
all the same species; abundant spines; preserved shells
Pelecypod fragments (5% est.): Spar-filled molds; some spar areas may be
4 tubes or blades of g’reen algae. '
Forams, echinoids
Spar (15% est.): Medium to fine crystals in mtergranular area, filling pelecypod and
algal(?) molds, rimming halite erystals :

- Nodules (15% est.): Fabric highly destroyed in large areas; destroyed areas are
characterized by coarse calecite mosaic with cubie forms defined by mieritic
and organic remnants of allochems. Possibly halite has replaced original
fabries? The areas of destroyed fabric have a sharp boundary w1th areas of
well-preserved fabric. :

Dolomite (2%): 0.04-mm rhombs have replaced micrite and micrite and mtraclasts in
local patches :

Halite (trace): Filling large void at the edge of nodules

Anhydrite (trace): In foram molds; replacing grains, cement, and mlcrlte, associated
~with halite

Pyrite (trace) in centers of ooids

Fabrie: 001d-brach10pod sparite, nodules w1th recrystalllzed textures, shelter porosity; all
pores fllled with calcite spar, minor halite, anhydrite in macropores.

Photography: 6 slides

Comments: Stain shows 2% dolomite in scattered patches.
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Sample # F 2642.2

. Slab description: Packstone, large anhydrlte nodule; anhydrxte and dolomlte have replaced
large allochems.
Stratigraphic interval: Lower San Andres umt 4 carbonate

Note: Impregnated, etched, and c_alcxte st‘amedv with alizarin red

Composition:

Allochems (20% est.):

Peloids ' ‘

‘Bivalves, calecite- and dolomlte fllled molds, some preserved shell structure

Echinoid plates:: Some still calcite, some dolomitized, but skeletal structures
preserved

Dolomicrospar matrix (60% est.): 0.04-mm rhombs of dusty to llmpld dolomite

Dolomicrite burrow fills (5% est.)

Calcite spar (10% est.): Fills pores (replaces hahte["], medium (0.1 to 0.2 mm) spar,
includes anhedral halite and euhedral dolomxte w1thm p01kllotop1c calcite
crystals .

Anhydrlte nodule (5%): Replaced by medium calclte anhedra around edges

‘Fabrlc. Burrowed, packed peloid micrite; allochems are halite filled; many of them have
: - been partly or wholly replaced by poikilotopie calcite(?) spar. Dolomite rhombs float
in spar. Coarse calclte(") is also replacing margins of anhydrlte nodule. ’

Interpretatwn* Calclte preclpltated durmg late diagenesis is replacmg halite and anhy-
drlte. Rhombs formed before this late stage. : o

Photog'raphy. 4 slides

Comments: Stain shows that latest cement is calcite.
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Sample # F 2643.3

Slab descmptlon. Halite-cemented wackestone
‘Stratigraphie interval: Lower San Andres unit 4 carbonate

Note. Impregnated, stained for c_alclte with alizarin red

Composition:
Allochems (25% est.):
Bivalves: Mostly molds filled with anhydrlte or halite (1%)
Echinoid plates (1%): Calcite replaced at edges by dolomite
Bryozoan: Now dolomite partly replaced by halite
Peloid, molds, and miecritic grains (23%): Mostly well sorted, poorly preserved,
all dolomite ' '
Microspar matrix: Loosely packed 0.016-mm rhombs in halite cement
Calcite microspar (<1%): Isolated grains, some within areas of halite cement, a few -
rhombs rimmed with dolomite, possible dedolomite(?), possible remnant calmte
Dolomierite (12% est.): In burrow fills :
"Epoxy-filled pores (trace): Allochem molds in burrow fills

Fabric: Burrowed, packed peloid micrite, diagenetic alteration in the form of dolomit-
ization, replacement of allochems; dolomlcrospar Tims some open molds. Phosphatic
grains in core description do not appear in slide.

Interpretation: Distribution of halite cement seems to respond to subtle influences--it fills
peloid molds in packstone but leaves them open in denser, more finely erystalline
burrow fills. :

Photography: 3 slides

Comments: Stain shows 98% calcite.

23



Sample # F 2644.2

Slab description: Burrowed packstone/wackestone, large pores are filled with halite and
anhydrite. Pinpoint porosity
Stratigraphic interval: Lower San Andres unit 4 carbonate

Note: Impregnated, stained for caleite with alizarin red

Composition: v

Dolomicrospar (95% est.): Similar to sample # F 2646.2; finely crystalline rhombs
(0.016 mm), some anhedra; no allochems identified in thin section; check of
mineralogy shows all dolomite

Halite (2%): In all macro- and some micropores in microspar; patchy distribution;

v also fills fractures; identified by taste test

Anhydrite (1%): Small nodules, replacing halite in macropores

- Porosity filled with blue epoxy, intercrystalline (2% est.)
Organic wisps

Fabric: No lamination; petrographic name for this roek is microsparite. Vertical hairline
fractures are halite filled and connected to small halite crystals and anhydrite
nodules. ~ : '

Interpretation: Pores are in intercrystalline micropores; macropores and some micropores
are filled with halite cement. :

Photography: 2 slides
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Sample # F 2646.2

Slab description: Halite-cemented wackestone(?), pinpoint porosity
Stratigraphic interval: Lower San Andres unit 4 carbonate

Note: Impregnated, stained for caleite with alizarin red
Composition:
Dolomicrospar (99% est.): 0.016-mm-diameter mosaic of rhombs; all dolomite
Allochems(?) (1%): Mostly poorly preserved molds of skeletal grains, filled with
anhydrite, organic wisps
Fabric: Impregnation only on the edges of the slide, but no taste of halite even in the
center. Abundant isotropic matrix for dolomite suggests that halite cement or pores

should be present. Some pinpoint porosity is anhydrite.

Comments: Stain shows all ciolomite, possible permeability plug.
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* Sample # F 2650.5

Slab descmptlon‘ Micrite nodule in hallte—cemented/replaced packstone matrix; matrix
-~ compacted around nodule

o Stratlgraphlc mterval. Lower San Andres unit 4 carbonate

Note- No ev1dence of 1mpregnatlon, etched and stained for ealeite with alizarin red

Compositions -
' Nodule: . Microspar 0.016- mm in dlameter, sparse allochems, 40% fine crystals of
rhombic dolomite
Nodule rim: Packed blomlcmte, best preservation of allochems, mcludmg larg‘e
echinoid - plates, forams, mollusks, ostracods, brachiopod fragments; in.
microspar/pseudospar matrix, 40% fine crystals of rhombic dolomite
~ Halite-replaced area: Allochems similar to those in rim, but sparser; matrix is 75%
fine (0.04 mm) rhombs of dolomite with only 10% calcite, 15% halite matrix;
trace of anhydrite in halite. Allochems are mostly calcite.

Fabric: Thin sectlon is zoned. P0551bly microspar is host mlcrxte, and matrix is burrow fill.
_The center of the burrow fill is replaced by halxte, but the margin has .undergone
normal carbonate diagenesis. :

, Interpretatxon. Burrowed normal marine limestone; dlageneSIS. the halite zone is

- characterized by coarse rhombs, indicating that unlike samples # F 2651.0 and
# F 2652.0, carbonate diagenesis was different in the area of halite replacement. Is
dolomitization partly responsible for creation of porosity later filled with halite?
Anhydrite again is associated with areas of halite--is anhydrite replacing the halite or
preceding it along the same porosxty trends?

Photography 2 slides

Comments: Stain shows dolomlte throughout the slide, but. most intense dolomitization
corresponds to the hahte-cemented ‘burrow.
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Sample # F 2651.0

Slab deseription: Caleite- and halite-cemented packstone, fractures, lowest large blades
of anhydrite-
Stratigraphic interval: Lower San Andres unit 4 carbonate

.Note: Impregnated; plucking is a problem in areas with hahte cement, etched and stamed
.for calcite with ahzarm red

Composition (est.): | : .
_Right Left

~side side
Allochems: Slmllar to those in sample # F 2652.0, (20%) (30%)
poorer preservation
| Micrite matrix: Includes some dolomjte on right : (20%) (509%)
Calcite spar : - o o (15%) .'(1'596)
Halite Lfeplacement | .' T(40%) 0 (5%)
Anhydrite replacement | - B E - (5%) none

Fabrie: Right half of slide has been replaced by halite, had about the same texture as the
left side, which is ordinary calcite-cemented packed biomiecrite. Halite replaces
micrite allochems and micrite. Anhydrite occurs as large blades within halite area,
clearly replacive because of included micrite. Halite is too thin and slide too poor to -
see any crystal structure; no impregnated porosity. Large fracture, lined with
(1) caleite and (2) halite, cuts both parts of slide with sharp margins. -

Interpretation: Halite replacement followed caleite cementation and selectively replaced
finer crystals (see arguments presented in sample # F 2652.0). Dolomite is present
only on the right side of the slide. The amount of dolomltlzatlon 1s obscured by poor -
stain. /

Comments: Stain shows that most allochems are calclte, some unstamed micrite matrix on
the rlght may be dolomxte.

27



Sample # F 2652 0

: Slab descrlptlon. Typlcal gramstone : -
: Stratlg'rapmc interval: Lower San Andres unit 4 carbonate ‘ ;

Note. Impregnated, stalned for calcxte with allzarm red

Composition: .
Allochems (67% est. )
‘Blue-green algal grams (159%).
Phylloid(?) algal grains (5%) .
Miscellaneous peloids, intraclasts, algal grains (30% est.)
Mollusks (7%), including large crushed gastropod
Forams (10%)
Echinoid plates, brachiopod fragments, ostracods (1%) -
‘Spar cement (20% est.) -
- Micrite (10% est.): Local packed blomlcrlte, poss1bly in burrows, protected areas
between large allochems
Sulfate (<1% est.): Gray, blrefrmgence, celestlte or g'ypsum(") in ‘allochem molds,
replacing micrite allochems
Halite (3% est. )

“Fabrie: Bioturbated, algal-mollusk -foram biosparite; dlagenesxs. calcxte spar fills poros1ty,
‘ phylloid(?) algae neomorphosed(?) to fine yellow spar. Halite replaces allochems,
especially forams and micrite matrix in patches, leavmg spar; halite in center of
some voids rimmed with caleite(?); unclear if halite is first cement, replaced by
calcite, or final void-filling cement. Epoxy-filled pores ocecur only where hahte'
dlssolved at edges of slide during slabbing.

Interpretatl‘on: Ordmary dlagenems, except for halite,replacement; replacement occurred

- after calcite cement because calcite cement remains in areas of replacement, and no

calcite replaces halite. Therefore, the gastropod void was (1) cemented with calcxte ‘

‘and (2) cemented with hahte. Timing of celestite(?) is undefined
Photography 6 alldes

‘Comments: Stain, check sulfate mineralogy; stain shows all carbonate is calcite.
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Sample # F 2652.8

- Slab description:‘ Burrowed/nodular contact between g'rainstoned(ebove) ‘and wackestone
(below) ‘
Stratlgraphlc mterval* Lower San Andres umt 4 carbonate

Note: Impregnated W1th pale bluez epoxy; etched and stained for ealcite with alizarin red.

Composition:

Grainstone (35% of slide, est.)
Allochems: : ' S :
Algae (65% est.): A whole garden: blue green phylloid(?), some grains with
good structures, all abraded; blue green has clean spar around micrite strue-
tures; phylloid(?) is fragments, now yellow (neomorphlc["]) spar. Blue-green and
structureless coats on everything (5%). .
Bryozoans, with micrite fllls/coats
Mollusks (5%)
Echinoids (5%)
Forams (5%) , :
Round grains with fibrous brown rims similar to ostracods but too irregular;
neomorphic centers (5% est.)

Calcite spar (25% est.): Medium crystallme, single generatlon ,

Packstone (60% of slide)
Allochems: :

~ Sparry ghosts of phylloxd algae (possibly mollusks) (30% est.)

Forams, echinoderms, bryozoans (5%)

Organic wisps (trace)

Microspar (60% est.)

Calcite spar (5%) filling molds of skeletal hallte

Altered spar and micrite (5%): :
Spar similar to deseribed above, but all allochems have been dissolved; molds
are now filled with multifaceted caleite(?), poxkxlotoplc anhydrite blades, and
halite centers. Micrite is dark and fractured in a septarlan nodule pattern by
hahte, and halite is mostly replaced by caleite.

Febric: Grainstone is coarse, mtraclast;c, well sorted. Packétone is poorly sorted, burrow
disturbed. Initial mixing of grainstone and packstone is due to burrowing. Halite
replacement has modified the fabries. There is no impregnated porosity.

Interpretation:  Algally dominated but still has a diverse fauna, big burrows; algal
sparrudite and packed algal micrite; carbonates have been replaced in spots -(along:
burrow-induced permeability); grains and matrix were replaced in grainstone, and
micrite was replaced in packstone. There are two styles in packstone: skeletal
crystals and septarian cracks. Halite was replaced extensively by anhydrite and
calcite. ' - ‘ -

- Comments: Stain shows that all ca_rbonate is calcite.
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Sample # F 2653.8

_Slab description: Packstone w1th hahte cement in upper part, calclte in lower part '
Stratlgraphxc interval: Lower San Andres un1t 4 carbonate : :

 Note: Impreg‘nated w1th hght blue epoxy, etched and stamed for calclte w1th ahzarm red '

, Compos1t10n.
- ‘Allochems (20% est.): :
. Brachiopod spines and thm-walled shells -
Recrystallized (yellow, neomorphlc) mollusk fragments
~Forams, large micritic .
~ Enerusting bryozoans
- Echinoid plates -
- Organic wisps
Green algal grains(?) L L o SRR -
Microspar (60%): Matrix of nodule : o ’ - s
' M1cr1te (16%): Matrix material did not stain but lS suspected of bemg mostly calcite,
perhaps with some clay or dolomite. :
Hallte (3% est.): In subhedral erystals in matrix outsxde of nodule, some cement =
Coarse, multifaceted calcite (1% est.): Rimming halite crystals in matrix of nodule;
caleite ‘has about the same morpholog‘y as the coarse, multlfaceted dolomite -
that typlcally replaces hallte. : ‘ :

’Fabr1c° , Matrxx and. nodule both lammated, lammatlons show the extent of contortlon
during compaction; laminations defined by organic wisps; carbonate-fllled halrlme
cracks, no porosxty 1mpregnated, packed biomiecrite ‘ o : '

Y.Interpretatlon' Dwerse fauna; nodule with calclte cement has neomorphlc spar- in mollusks,
and matrix shows early diagenesis. Fabrie indicates some precementatlon compac-
tion in nodule. Matrix and nodule appear to be same material with different
‘diagenetic histories. ' Compactlon and microstylolitization precede halite replace-

. ment, but all avoid early cemented areas. Early cement has a sharp boundary, and
.outside of it both matrxx and grams have been reduced by mlcrostylolxtlzatlon., '

| "Photography:- 3 sudes

N .Comments: Stain of matrix is ambiguous.
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Sample # F 2655.9

\
{
\

Slab description: Halite~ and anhydrite-filled cracks lm calcite-cemented nodule in soft,

sediment-deformed, halite-cemented matrix
Stratigraphie interval: Lower San Andres unit 4 carbonate

Note: Broken slide, light-blue impregnating epoxy, etched and stamed for calcite w1th
alizarin red

Composition: :
Dolomlcrospar (20% in nodules to 85% in matrix est )
- Caleite (80% in nodules to 15% in matrlx)
Allochems (trace):
Forams
Echinoids
Thin-walled brachiopods, small spines(?)
Organic wisps
Halite (2% est.): In fractures '
Anhydrite (trace): Acicular crystals in fractures; crystals are unusual because they
" are parallel to the fracture elongation. _ _
Calcite spar (trace): Partly fills one fracture; the other phase in this fracture is
. halite; elongatlon perpendicular to fracture, gradation into microspar; mlght be
multifaceted but is cloudier than is typical - .

Fabric: Wisps define laminations. Lamination is parallel but rotated in some nodules. In
matrix, wisps are concentrated, yielding a darker color, and show deformation around
nodules. Matrix is mostly dolomite with remnant calecite; nodules are mosly caleite.
Fractures are en echelon, vertical, deviations depending on nodule fabric; some
express skeletal halite crystal shape. No impregnated porosity is visible.

Interpretation:  Nodules appear to be an early cementation/compaction phenomenon.
Rotation of some nodules indicates significant dissolution may have occurred. Origin
of cracks is not clear. Timing of introduction of halite and dolomite is synfracture
growth; anhydrite is postfracture growth. Dolomitization here affects porous areas;
local calcite cement is early.

Photography: 3 slides

Comments: Stain shows that the nodules are domlnantly calecite with a dommantly
dolomite matrix.
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Sample # F 2656.9

Slab déscription: Burrowed echinoid wackestone; halite cement in upper part of slide,
calcite in lower part of slide.
Stratigraphic interval: Lower San Andres unit 4 carbonate

Note: Poor bonding in halite part of slide obscures halite distribution; slide supposed to be
impregnated, but no evidence of it; etched and stained for caleite with alizarin red

Composition:
Allochems (14% est.) (mostly calcite):
Echinoid plates
Mollusks, preserved fabric
Ostracods
Forams
Organie grains
Dolomite (30 to 80% est.): Very finely crystalline subhedral mosaic
Calcite (60 to 5% est.): Anhedral spar and microspar cement for dolomite '
Halite (1% est.): In allochem molds, intercrystalline cement in upper part of slide; no
halite in calcite nodule ‘
Sulfate (trace): Anhydrite and celestite(?)

Fabric: Sparse echinoid biomicrite; upper halite-cemented part of the slide appears
compacted/microstylolitized and has only remnant calcite allochems and cement in
dolomite matrix. The nodule in the lower part of the slide has abundant original(?)
calcite cement around calcite allochems and less dolomite.

Comments: Stain shows subequal amounts of dolomite and calcite; more intense dolomit-

ization and more compaction occurs in the area outside of the calcite-cemented
nodules.
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Sample # F 2659.6

Slab description: Burrowed packstone. Abundant halite cement and replacement of
carbonate by halite: check porosity '
Stratigraphic interval: Lower San Andres unit 4 carbonate

Note: Impregnated, etched and stained for calcite ‘with alizarin red

Composition:
' Allochems (65% est.): :
Peloids (50% est.): All molds o
Mollusk molds (10% est.): Some preserved structure in some layers
Echinoid plates (5% est )
Forams
Miecrite (35%): Matrix for allochems, especlally abundant in burrows
Calcite spar (20% est.): Filling moldic porosity, local mtergranular spar
Halite cement (15% est.): Filling moldic porosity, mostly in burrows
Celestlte (1% est.): Long blades in hallte fllled molds

Fabric: Burrowed, g‘rams compacted at the expense of matrlx by mlcrostylohtlzatlon,’f

marked by organic wisps; burrowed peloid/mollusk/echinoid packstone; no impreg-

nated pores except where halite has been dissolved at the edge of the slide

’lnterpretatlon. Normal marine fauna, large abundant burrows; might. have been a
grainstone, mixed by burrowmg ,
Diagenesis: Halite cement in burrows.. is hahte m mieritic (low—permeablllty) areas -
while caleite is in grainstone? Burrows lacking halite cement--filled peloids have
yellow (neomorphie[?]) finely crystalline subhedral caleite spar similar to that in
sample # F 2661. 6, but are only in the lower half of the slide.

Photography 2 slldes

Comments: Stain for calcite that shows all carbonate is probably caleite, although some
areas of uneven stain indicate the possibility of some local dolomite. : -
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Sample # F 2661.6

- Slab description: Dark-tan, vslig‘htly dolomitic foram packstone
Stratigraphic interval: Lower San Andres unit 4 carbonate

Note: Stained for calcite with alizarin red

Composxtlow
Allochems (30% est.) (many umdentlflable gralns)
: Forams (diverse, including mlhohds["])
Phosphate grain (structureless)
. Mollusk molds, large and small ‘
Peloids, possible green algal structure -
Micrite (45% est.), ineluding possible diffuse mtraclasts
Calcite cement (20% est.): Mostly cement in forams and’ mollusk molds
. Halite (5% est.): Intergranular cement and foram shell replacement

 Fabrie: Well lammated, compressed, and mlcrostylohtlzed, ev1dence of compactxe in
‘broken spar—fllled mollusk mold, close packmg of grains; foram blomlcrlte ’

Interpretatlon: Normal marine to possible hypersaline fauna

"vPhotography 4 slldes

Comments. Stain shows that all carbonate is calcxte.
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Sample # F 2662.6 | |
Slab description: Dark-gray-green grainstone/packstone
Stratigraphic interval: Lower San Andres unit 4 carbonate

Note: Impregnated; etched and stained for calcite with alizarin red

Composition:

Allochems (609% est.):
Mollusk molds (10% est.): All spar; some have some preserved textures.
Round grains: Have structure where replaced by yellow neomorphic calcite
spar (25% est.); others are molds filled with calcite spar (25% est.). Some are
green algal intraclasts, mostly micritic peloids with mxcrxte (algal?) coats.
Ostracods (sparse)
Forams (sparse) '

Micrite (30% est.): Aphanocrystalline to very finely crystalline, filling shelter
porosity, possibly moved by burrowing; coexists with spar

Spar: Medium crystalline, poorly developed enfacial junctions, mostly inter-
crystalline (20%), some intracrystalline (10% est ) ’

Halite (5% est.): Filling molds of peloids

Fabriec: Variable grain preservation causes mottling; no impregnated porosity

Interpretatlon. Restricted to normal marine assemblage
Diagenesiss . Some algal grains leached and filled with calcite(?) spar or halite
cement, others replaced by neomorphic spar. Timing of leaching/replacement is
unclear; either event could have been first. Calcite(?) spar has euhedral terminations
against halite- in molds that have both phases, but relationship is unclear. Check
mineralogy. All mollusks are filled with clear spar, but some of this is also
neomorphic. '

Photography: 4 slides

Comments: Stain for calcite shows that all carbonate is caleite; point count.
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Sample #F 2666.1

“Slab description: Burrowed, olive-green, dolomitic micrite
Stratigraphic interval: Lower San Andres unit 4 carbonate

- Note: Etched and stained for caleite with alizarin red

Composition:
Similar to F 2666.5
Dolomite (45% est.) euhedral crystals
" Caleite (509% est.) anhedral microspar matrix for dolomlte
_ Allochems* Thin-walled bivalves; more spheres appear to be section of tubes with
‘radial extinetion in walls, possible brachlopod spines, ostracods; allochems are-
caleite. . : :
Halite (5%) cement

Fabric: Halite cement has replaced some elongate, flattened burrow fills; these areas lack
caleite cement.

’ Interpretatlon. Dolomitic micrite. Dolomite/caleite/halite relationships are somewhat
obscure. Original caleite is preserved at least .in allochems. Dolomitization is
. equally intense throughout, without regard to porosity differences. Halite cement

- precipitated preferentially in burrows. Time relationships between formation of
these phases are not clear. ' '
Photography: 3 slides

Comments: Stain shows subequal amounts of calcite and dolomite.
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Sample # F 2666.5

Slab description: Burrowed, olive-green dolomicrite
Stratigraphic interval: Lower San Andres unit 4 carbonate

Note: Poor bonding; etched and stained for calcite with alizarin red

Composition: S
Dolomicrospar (50% est.): Fine to very finely crystalline (0.06 to 0.006 mm) rhombs
Caleite (50%): Anhedral calcite spar cement around dolomlte
Siliciclastie silt (trace): Scattered
Allochems: - Micrite masses associated with organic stain; spheres with radial
extinetion
No trace of clay to give color :
Halite (trace): Filling intergranular and moldie(?) pores

Fabrie: Slight variations in micrite density define Iamination

Interpretatlon. Dolomlcrlte, dlstmgmshmg between remnant calclte and later calcite
cement is not possible.

Comments: Stain shows 50% calcite.
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Sample # F 2667.6

Slab description: Typical wispy-laminated doloétone, compacted burrows, minor orgéni’c
wisps
Stratigraphic interval: Lower San Andres unit 4 carbonate

- Note: Impregnated; slide slightly thlck, poor bonding; etched and stained for calcite with
alizarin red

Composnlon' .

Micrite/microspar (94% est.): Intimately admixed aphanocrystallme to very fmely
crystalline anhedral dolomite

Caleite (5%): Intercrystalline calecite cement

Allochems (trace): Thin-walled, flat skeletal grain; forams, spheres; dolomitized; a
few are preserved as calcite.

Organic wisps, bone(?) fragments

Porosity (<1%): Intercrystalline pores

Fabric: Good lamination defined by variation in crystal size, oriented wisps; probable
burrows; trace of impregnated interecrystalline microporosity; taste test shows no
halite cement.

Comments: Stain shows that 95% of carbonate is dolomite.
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Sample#F26690 SRR : e

Slab descrxptlon' Rippled contact between dolomlte w1th anhydmte nodules and limestone-
coated grain packstone at the contact between the lower dolomite- anhydrlte cycle of
unit 4 and the upper limestone cycle =~

Stratigraphic interval: Lower San Andres unit 4 carbonate -

Note: Impregnated; etched and stained for calcitewith alizarin red

Composition: v S : _

Upper third of slide: Dolomitized miecritic coated grains,' ooids, and molds of other
round grains in a micrite matrix; dolomicrite is very finely crystalline, "dusty"
anhedra; adjacent to molds, it coarsens to fine rhombs. Grains (30% of layer
est.) are dense micrite, ooids, and complex rounded shapes with ill-defined .
internal (algal) structure. Pyrite dust rims some grains. Molds are (1) impreg-
nated, (2) filled with halite, or (3) filled and partly destroyed by anhydrite.
Grains . are compressed together; matrix is dissolved by microstylolitization
beneath anhydrite nodule. Anhydrite fills horizontal "fenestral" fractures All
dolomite except <1% of pores are filled with calcite spar.

Mlddle band: 5-mm-wide ripple form; coarser dolomite with abundant voids
(fenestra) of 1ndeterm1nate origin; some are 1mpregnated, others are hahte
filled(?). :

Lower half: Dolomlcrlte (60% est. of the: mterval) and anhydrlte nodules (40%),
‘similar. to sample # F 2676.0

Fabric: Well laminated; unclear why anhydrite forms nodule in lower part but cement to
replacement along fractures in the upper part; orlgm of spotty distribution of
porosxty is uneclear.

Interpretation: The depositional environment is undergoing a major shift in facies from a
dolomite to a normal marine sequence. Porosity may be localized at this horizon
because of the depositional facies (fenestra) or because diagenetic processes are
localized where the lithology changes. - Impregnated macroporosxty is unusual.
Caleite spar fills moldlc pores and appears to be late. :

biComments. Stain shows that all but a minor amount of carbonate is dolomite; possxble
por031ty plug. :
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Sample # F 2676.0

Slab description: Laminated dolomicrite; anhydrite nodule not in thin seétion; fault has a
2-mm displacement. -
Stratigraphic interval: Lower San Andres unit 4 carbonate

‘Note: Impregnated; stained with alizarin red for calcite
Composition: :
‘Dolomicrite (>95%): Finely crystalline rhombs and anhedra
Organic wisps, sparse forams ‘
Fracture fill: Halite, blocky anhydrite, and large rimming crystals of celestite(?) or
oriented anhydrite ,
“No impregnated porosity, but no taste of halite cement

Fabric: Lamination is defined by orientation and dénsi_ty of organic wisps; there.are slight
changes in dolomite size and packing.

Interpretation: ,Frécture fill se‘quence——halite—celestite(?)—anhydrité; halite is present as an
inclusion in the other minerals; anhydrite rims celestite(?).

| Photography: 2 slides

Comments: Stain; check sulfate mineralogy. All carbonate is dolomite.
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Sample # F 2677.0 |
Slab description: Nodular anhydrite in laminated, caleitic dolomicrite; laminae do not bend
around anhydrite nodules; therefore, anhydrite is replaclve stain and look for
. .occurrence of caleite. . ' ‘
Stratxgraphlc interval: Lower San Andres umt 4 carbonate ,

.'Note- Impregnated, etched and stamed for calclte w1th allzarm red :

- Co mposxtxon.

Dolomiecrite (65% est.): Fmely/very fmely crystalline (0.016 mm dxameter) anhedral
crystals; even distribution; no ghosts or clotting
Allochems (< 1%) Small mieritie forams, scattered
Organic grains. (trace) ,
- Anhydrite (35% est.): Coarsely crystallme felted anhydrxte blades, in nodules
: Pyrlte (trace) Fme crystals at rims of anhydrlte nodules

,Fabrlc. M1cr1te is wispy Iamlnated because of orlentatxon and concentratlon of organlc
' g‘ralns, lmpregnated, no porosity : :

I

Interpretation: Anhydrlte nodules mlght be replaclve, but no remnant dolomlte is left in
‘ “them.

Photography 2 shdes

Comments: Stain for calcite shows that all carbonate is dolOmite.
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Sample # F 2679.2

Slab descmpt'lon' Fissile, dark muddy/silty dolomicrite
Stratlg'raphlc mterval' Lower San Andres umt 4 carbonate

Note: Sllghtly thlck sllde, fragmented durmg thin- sectxon preparatlon, m blue epoxy matrix ‘

Composition:

Dolomicrite (78% est.): Very finely crystallme anhedral crystals :

Allochems (trace): Two foram tests in dolomicrite :

Clay (10%[?] est.):  Essentially invisible in this thick slide but identification based on
“brown color of dolomlte and similarity of slide to the thin slide of sample
# F 2679.6.

Siliciclastie silt (10% est.): Poorly sorted, angular

Pymte (296 est.): In frambonds, clustered in masses

Fabrie: Similar to sarnple # F 2679.6; components mtlmately mtermlxed, no composﬂ:wnal
variations to give flSSlllty ‘ _

Photography: 1 slide -



\
Sample # F 2679.6 | »F

Slab description:  Dark, fissile muddy dolomicrite at transition " from mudstone to
carbonate; anhydrite nodules in lower part ;
Stratigraphic level: Lower San Andres unit 4 carbonate

Note: Thin slide; cracks are artifacts of drying of the core.

Composition: : S :

Muddy dolomierite (70% est.): Very finely crystalline (0.006-mm diameter) equant
dolomicrite; subequal amount of dark, optically oriented bnrefrmgent and
sericitic clay matrix; 10% (est.) silicieclastic silt; 5% (est.) pyrite in small cubes

Anhydrlte (30% est. ) Felted, medium-bladed crystals in nodules

Fabric: Fissility noted in core is not evident in thin section. Clay and sericite are evenly
distributed but have a horizontal orientation. Anhydrite appears to occur both as
nodules and as a matrix for muddy dolomlte clasts. -

Interpretation: Mudstone at base of cycle is gradatlonal into dolomicrite. Anhydrlte still
has high mobility in the dolomite, as it has in the mudstone.

-

Comments: An insoluble residue of the carbonate to show the subequal amounts of
carbonate and mudstone as well as clay mineralogy might be interesting.

~
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Sample #F 2681.8

Slab desecription: Laminated, fissile, dark mudstone from the base of the well laminated
interval; some soft sediment deformation -
Stratigraphic interval: Lower San Andres unit 4 base of cycle mudstone

Note: Cracks in muddy areas of thin sectlon,and plucking due to poor bonding

: Composmon. . ‘ .
“Siliciclastic silt (40% est.): Medium to fine, moderately well sorted; anhydrite and .
possible quartz cement ’ o

Mudstone (50% est.): Oriented birefringent clay, siliciclastie silt, and anhydrite
A Anhydr1te (9% est.): Nodules/intraclasts in siltstone; cements and isolated erystals
Pyrite (1% est.): In framboids and cubes(?); smaller ‘aggregate in' mudstones; large
ones in siltstone
Dolomite and halite (trace): Dolomite rimming halite mass, which has grown
dlsplaclvely in clay intraclasts in siltstone

- Fabrie: Ripple lammatlon, molds of- halite crystals filled with salt and very fine sand;
sxmllar to sample # F 2684.4 '

, Interpretatlon' Hahte precipitated in environment where mud was mpple lammated, not in
a carbonate env1ronment.

Photog’raphy: 1 slide
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Sample # F 2684.4 |

Slab description: Lan‘mnat‘ed, dark anhydritic siltstonez and mudstone; local deformation,
inecluding hopper molds, fluid-escape structures, disturbed nodular fabrie, and base-
cycle mudstone

Stratigraphic interval: Lower San Andres umt 4 base cycle mudstone

Composition: , , ,
Siliciclastic silt (15%): Coarse silt; moderate sorting; abundant rock fragments;
~ opaques; silt obscured by anhydrite cement in lower part of same laminae
Mudstone (35%): Fine siliciclastic silt; optically oriented birefringent clay; sericite
Anhydrite (50% est.): Cement in siltstone; anhydrite nodules to intraclasts
Coarse dolomite (trace): Associated with halite in fracture near top of slide
Halite (trace): All cement is anhydrite; one oblique fracture near the top of the slide
is filled with halite.

Fabrie: Laminated sequences alternate with disturbed intraclastic and soft-sediment-
deformed intervals. Laminae fine upward from silt to mudstone. Lamination is
disturbed by clasts of halite hopper crystals, which represent crystallization of cubes
of halite on the sediment surface. These cubes were dissolved, and molds filled with
silt during deposition of the next layer of sediment. The top of the laminated
interval is seoured and overlain by silt with mudstone and anhydrite intraclasts.
Deformation includes fluid-escape features, soft-sediment mierofaults, and anhydrite
intraclasts or nodules. Some faults cut across laminated intervals.

Interpretation: The origin of the disturbed intervals is unclear. If they originated as
residues after halite, anhydrite has been mobilized and has obscured fabriecs.
Abundance of anhydrite cement suggests a different dlagenetlc history than that of
most clasties.

Photography:' 7 slides
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Sample # De 2744.3

Slab description: Contorted bedding in anhydrite, middle of thin (1 m th'ick) anhydrite
Stratigraphic interval: Lower San Andres unit 4 anhydrite

Note: Normal thickness, broken slide

Compos1t10n.
- Anhydrite: Medium crystalline, bladed, ahgned mosaic
Siliciclastic mudstone: Quartz silt; brown clay ’
Pyrite: Abundant irregular masses
Dolomite: Coarse crystals; corroded boundaries; silt and anhydrite mclusmns

Fabrie: Millimeter laminations defined by compositional variation are contorted by
compressional folding; orientation of anhydrite crystals corresponds to lamina
character (folded in folded areas); therefore, anhydrite crystals preserved since the
time of folding; possible gypsum pseudomorphs in mudstone layers
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Sample # De 2746.1

Slab description: Dolomite packstone with intraclastié(?) texture, a possible supratidal
facies . ‘
Stratigraphic interval: Lower San Andres unit 4 carbonate, top carbonate

Note: Normal thickness, impregnated

Composition: Complex fabrie, difficult to describe
Allochems: , :
"Compressed intraclasts": = Variably sized mieritic intraclasts; shapes look
pressed against each other; each has a microspar rim; similar to "compressed -
ooids," but no structure within grains; fabric is best developed in large elongate
intraclasts with epoxy-filled void space.
Girvanella(?) tubes, forams

Micrite matrix; difficult to distinguish between matrix and grains

Cements: In fenestra, intragranular and intergranular pores - '
Halite and anhydrite: Halite has large cubic, negative crystals and fills
dominantly large pores. Anhydrite laths replace halite and locally dolomite,
filling some allochem molds. There are also some coarse, poikilotopic crystals
with gray blrefrmg'ence rims and some hahte-—are these anhydrite or possibly
celestite? \

Pores: Epoxy fills pores; dominantly intracrystalline porosity in mieritie areas
lacking large pores; fairly high (10% est.) porosity, although difficult to point
count. Slide was taken 1 cm into core; poros1ty should not be an artxfact.

Fabrie: Irregular lamination formed by drapes of mxcmtlc, compressed intraclasts
alternating with areas with large fenestral(?) voids; possible supratidal facies

Photography: 3 slides

' Comments: Possiblé area for permeability plug; point cdunt porosity.
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Sample # De 2746..3

Slab deScmbtwn‘ Veryk finely laminated dolomite peloid packstone, possible
texture, possible mtertldal/supratldal facies in upper meter of carbonate. ,
Stratigraphic mterval. Lower San Andres unit 4 carbonate .

Note:: Slightly.thick slide; impregnated; small bubbles in epoxy

Composition:
Allochems:
Abundant tubes (0. 016 mm dlameter) Possmle gxrvanella
Forams :
Peloids
Thin-walled bwalves

birdseye

This is a restricted/transported assemblage, in keepmg w1th its origin as an
intertidal deposit. Preservation 1s poor; all grains are dolomitized; matrix and

grains are all now microspar.
Dolomicrospar matrix: 0.004 mm (very finely erystalline) anhedral dolomxte

‘Cement: Halite and anhydrite fill some intergranular and intragranular porosity.
Some large fenestral(?) pores also contain a sulfate with gray birefringence--
celestite or large areas of similarly oriented anhydrite? Many epoxy-filled
micropores and macropores; slide was taken 1.5 cm away from the sawed core

surface, so surficial leachmg is mlmmlzed

Fabric: Microlaminated fabric is most visible in the stub;. millimeter-scale lamination is
defined by variation in the density of the micrite matrix and other cements.
Microlamination is disturbed and contorted by features which may be muderacks and
fenestral cavities. Some cavities are filled with brecciated host packstone; others

are -open, partly filled with anhydrite, celestite, and corroded remnant halite.

The

’anhydrlte is a felted mosaic of laths similar to that filling the halite-filled mold in
sample # De 2751. L _Removal of the halite is suspected of belng an artifact of coring

or slabbmg

Photography' 8 slides -

~

Comments: Check sulfate mineralogy--is any of the g'ray blrefrmgent cement celestlte" Is

some really quartz" Consider for permeability plug

48



Samplé # De 2747.0

: ' |
Slab description: Recrystallized anhydritic halite, 10 em above top of anhydrite
Stratigraphic interval: Lower San Andres unit 4 halite

Note: Thick slide, poor bonding
Composition: , : ,
Halite: 1-cm-diameter, skeletal, subhedral crystals; few fluid inclusions; ineclusions
are mostly larger than 0.1 mm were breached during slide preparation.
Muddy(?) anhydrite: Not much detail visible in thick slide

Pyrite: Framboids and irregular masses in anhydrite

Fabrie: Anhydrite is highly disturbed; soft sediment was faulted and churned before
displacive growth of skeletal halite.

Photography: 1 slide
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Sample # De 2751.1

Slab deseription:: Dolomite packstone-wackestone; halite- and anhydrite-filled bivalve
molds; sample was taken to identify fish fossil assemblage in middle of slide.
Stratigraphic interval: Lower San Andres unit 4 carbonate

Note: Normal thickness, impregnated

Composition:

Dolomicrite

Allochems:
Large phylodont fish tooth plate; 4-ecm-wide assemblage of phosphatic teeth
and bones, an oval fossil 4 cm long cut in half by the slabbed plane of the core;
identified by M. A. Fracasso (see Johnson and Zidek, 1981, Journal of Paleon-
tology); teeth have preserved structure and halite cement between them.
Bivalve molds: Abundant in lower part of the slide

Organic wisps

Cements: Halite, anhydrite, and length-slow chalcedony; some molds are completely
filled with halite, others filled with anhydrite, some mixed. One bivalve mold
contains botryoidal chalcedony(?) and macroquartz(?). Chalcedony has low
birefringence. Check mineralogy--might be phosphate from fish?

Fabrie:* Burrowing has not disturbed bedding. Packstone on bottom, wackestone on top
above fish

Photography: 4 slides

Comments: Check mineralogy of chaleedony(?) in bivalve mold.
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Sample # De 2752.0

Slab descrlptlow Rxpple-lammated, sl1ghtly burrowed dolomlcrlte /
Stratigraphic interval: Lower San Andres unit 4 carbonate -
Note: Normal thickness; poor bonding and plucking in center; etched and stained for
calcite ’ : '

Composition: ‘ ,
Dolomicrite: Fmely crystalline anhedra, 20% (est) hallte filled intererystalline B
porosity; minor bladed anhydrite cement also '
Allochems: Present in burrow fills and some layers; sparse, poorly preserved
‘anhydrite- and halite-filled molds, many g'rams umdentlflable, bivalves; pe101ds, '
forams
Crystallotopic anhydrite in one layer is a concentratlon of small horlzontally
flattened nodules with diffuse borders.

Fabric: Lamination to ripple lamination. defined by concentration and orlentation of
organic fragments and anhydrite and by variation in the packing of the crystals in the
dolomicrite. Vertical halite-filled halrlme fractures cut dolomlte and small negative
crystals. ‘ 3

Photographs: 3 slides’

COmments}: Stain shows that all carbonate is dolomite.
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- Sample # De 2758.1

Slab description: Dolomite packstone with anhydrlte -filled moldic por051ty
~Stratigraphic interval: Lower San Andres unit 4 carbonate

Note: Normal thlckness, shde has halite crystals on the surface, locally plucked, etched
and stained for calecite. ,

Composition: ' 7

Dolomicrospar matrix: Finely crystalline anhedral crystals; areas of finer crystals
and concentrations of impurities are ghosts of peloids. The dolomite is very
porous (25% est.), partly filled with blocky to bladed anhydrlte cement as well
-as halite cement(?).

Organic (dark) wisps, minor pyrite ,

. Allochems: Molds of large mollusks. are filled with acicular anhydmte mosaic; there
is possible halite cement between anhydrite crystals. ‘Smaller grains are
abundant, but preservation is too poor to identify them.

~

- Fabrie: No bedding; may be burrowed?
Photography: 2 slides

Comments: Stain for caleite shows 100% dolomite.
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Sample # De 2762.6

Slab description: Gray dolomlte grainstone; large allochems. (gastropod in eore not in thin -
section)
Stratigraphic interval: Lower San Andres unit 4 carbonate

Note: Normal thickness, bad bonding on slide; flaking' off; etched and stained for calcite

Composition: - -
‘ Allochems: All dolomxtlzed or-replaced by anhydrlte
Micritic and moldie 0.1-mm-round grains: girvanella(?), pelmds, and forams
Large mollusk molds: Whole and fragmented bivalves, whole gastropods
Echinoderm plates '
Cement: S
Dolomite microspar: Early generation of cement; may also replace some
original micrite; replacement of early halite is possible, but there is no
evidence. Dolomite'is dusty, subhedral against anhydrite.

Anhydrite mosaic: Fills allochem molds and mtergranular pores; no halite
Anhydrite-cemented mollusk- gxrvanella(") grainstone

’Fabrlc: Nonbedded; probably'burrowed
Photography: 2 slides

Comments: Fauna may”be restricted mollusk/algal assemblage. Stain for caleite shows
100% dolomite.
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. Sample # De 2765 8

"‘,Slab descrlptlon' Partly dolomltlzed g'ramstone, an area of early carbonate cement
- surrounded by microstylolitic/ecompactional features : : '

L Stratlgraphlc interval: Lower San Andres umt 4 carbonate

vNote' Normal thlckness, areas of poor bonding, etched and stamed for calcite w1th ahzarm
red ; . ‘

.Composmon.
Allochems _
Forams
 Ostracods .
Mollusk fragments, molds fllled w1th hahte and coarse, skeletal dolomite; some '
' gastropods
Ech1n01d plates
Bryozoans
Carbonate cement: Calcite spar cement surrounds micritic grains; some dolomite(?)
: _spar replaces halite in allochem molds.
Dolo(?)mierospar: . Rhombie erystals with few. allochems fill burrows.
Halite cement: In some areas of the slide, halite has replaced the allochems, leaving
well-defined foram molds in cement similar to the rest of the slide.

Fabric: Burrowed grainstone. . Mollusk molds have been replaced by halite, and the
dolomite is coarse and skeletal, rimming the mold.' This dolomite appears similar to
- dolomite-replacing halite.
Diagenesis is similar to. that in sample # De 2773.5; early lsopachous dolomxte
_cement, pore-filling sparry calcite; micrite forams have been replaced by halite--why
are they not replaced by calecite or dolomite? Possible diagentic sequence:
1) Isopachous dolomite cement
2) Sparry calcite cement; calcite replaces micrite in foram/algal grams
3) Halite replaces some remaining mierite in foram or algal grains
Halite fills fractures across calcite. Molds of algal grains collapsed, indicating a void
phase collapsed postdolomitization, prehalite cement.

Photography: 1 slide

~
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Sample # De 2773.5

. Slab description: Anhydrite nodule in partly dolomitized medium to coarse grainstone
Stratigraphic interval:  Lower San Andres unit 4 carbonate

Note: Impregnated with blue epoxy; e‘tc\hed and stained for calcite with alizarin red.

Composition:
Allochems: ' ‘
Large pelecypods, some preserved calcite shell structure
Large thin-walled bivalves
“Forams, some dolomltlzed, others moldlc
Ostracods
Phosphatic grains
Cements: Poikilotopic caleite is the main gramstone cement, filling allochem molds
and surrounding allochems and medium crystals of anhedral dolomite cement.
Anhydrite has the same poikilotopic style in scattered occurrences. - Coarse °
calcite cement fills some foram molds, some large mollusk molds, and some
. shelter pores (after halite?).
Anhydrite: - Large nodule, medium laths, aligned parallel to nodule walls, coarser
- anhydrite cements allochems next to nodule; abundant coarse, anhedral calcite
crystals appear as septa in the nodule.
Pores: A few allochem molds (foram and part of a mollusk were impregnated in the
upper part of the slide); it is unclear whether this is real poros1ty or an artifact
of leaching of halite durmg coring.. : .

Fabric: Coarse grainstone, abundant shelter porosity; some allochems are preserved as
calcite; sparry calcite cements ion allochem molds. Allochem molds and pores are
filled with a sequence of (1) dolomite, (2) calcite, and (3) halite. Is this order a result
of precipitation or replacement? Calcite could be prehalite or posthalite. Dolomite
could be precalcite or postcalcite. Caleite has a coarse, poikilotopic late(?)

. morphology. :

Comments: Consider for permeability plug (low, cemented).
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Sample # De 2784.2

Slab descr1pt10n° Tan dolomite wackestone overlain by darker gray dolomicrite, both
burrowed. Top of a "bar" sequence and the base of the overlymg "nonbar" sequence
Stratigraphie 1nterval Lower San Andres unit 4 carbonate ,

Note: Normal thlckness, some bubbles flawmg shde‘ etched and stained for calcite w1th
alizarin red

Composition: ' ;o - SRS

Dolomicrite: Fine (0.15 mm diameter) anhedral erystals; variation in crystal size
defines lamination; intercrystalline space-is abundant and apparently filled with
halite, anhydrite, and calcite cements. Cements are poikilotopic, rimming

_allochem molds; difficult to distinguish between anhydrite and carbonate

cements ‘ :

Siliciclastie silt - very fine sandstone <1% (est.), scattered

Compressed organic material '

Allochems: “‘Abundant (20% est.), poorly preserved, moldlc, sand-sized skeletal frag-
‘ments

Fabrie: Burrows are marked by variation in dolomite den51ty, distribution of allochems,
and truncatlon of lamination. , . ;
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Sample # De 2789.4

Slab desecription: Dark, organic-rich, laminated micrite; "nonbar" facies above grainstone
facies » ’
Stratigraphic interval: Lower San Andres unit 4 carbonate

Note: Normal thickness; etched and stained for calcite with alizarin red

Composition: .
Micrite, some scattered microspar: About 70% dolomite, 30% calcite, all anhedral
Compressed organic grains: Varied grains (red, yellow, and brown) and scattered,
' -noncompressed phosphatic(?) grains make up 5% (est.) of the rock.
Siliciclastie silt: 5% (est.)
Allochems: Echinoid plates, bryozoans, ostracods, thin-walled mollusks, all small and
sorted, mostly calcite
Trace of fine pyrite
Silty, organic-rich biomicrite

Fabrie: Lamination defined by aligned grains and wisps of organics and by variation in the
percentage of organics; probable small horizontal burrows in some layers

Photography: 2 slides

Comments: Good sample for analysis of TOC; silt-size insoluble residue
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Sample # De 2790.0

Slab description: Bivalve grainstone, coated grains, partly dolomltlzed
Stratigraphic interval: Lower San Andres unit 4 carbonate

Note: Normal thickness, etched and stained for caleite with alizarin red

Composition: -
Allochems:
Calecite: similar to that of sample # De 2791.3
Dolomicrospar matrix: abundant
Calcite spar present in shelter cavities
Small anhydrite nodule
Pelecypod biomicrite

Fabric: Dark micrite coatings on grains are locally replaced by neomorphic spar. Lower
part of slide is more micritic with more preserved calcite; its stain is browner, and it
looks more compacted. The micrite matrix was dolomitized before the micrite in
algal coats, which is preserved. In the lower part of the slide, some mierite matrix is
still caleite.
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Sample # De 2791.3

Slab description: Mollusk-foram-oncolite grainstone, coarse facies
Stratigraphic interval: Lower San Andres unit 4 carbonate -

Note: Normal thickness

Composition:

Allochems: o ,
Large mollusks: Gastropods, large bivalves-
Forams . ’
Peloids

. Pellets

Brachiopod fragments, shells, and spines
Echinoids - :
Bryozoan fragments
Oncolites
Large phosphatic bone fragment

Sparry calcite cement

Biosparrudite

Fabric:' All grains have a thick micrite coat; many grains are brown in transmitted light,
light yellow in reflected light.

Photography: | 3 slides
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Sample # De 2800.0

Slab‘descriptionz "Calcite-cémenvted micrite, sparse echinoid spines
Stratigraphic interval: Lower San Andres unit 4 carbonate - .

Note: Normal thickness, poor bonding, etched and stained for éaléité with alizarin fed

Composition:
Matrix: , : ,
Calcite micrite to microspar (25%): Anhedral
‘Dolomite (70%): 0.016 mm euhedra
Allochems (<5% est.) (all calcite):
Echinoid spines
. Forams 4
Mollusks(?) with prismatie structure
‘Bryozoans

‘Fabric: Wispy-laminated, dolomitized echinoid biomicrite; echinoid spines replaced by
halite at the edges; bedding defined by sparse wispy lamination '

Comments: Stain for calecite shows that 25% of earbonate is caleite and 75% is dolomite.
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Sample #De 2802.4

. |
Slab description: Laminated, medium-grained packstone; "frosting" of efflorescent halite
on core surface suggests that this may be a porous interval
Stratigraphic interval: Lower San Andres unit 4 carbonate

Note: Normal thickness, impregnated with blue epoxy, etched and stained for calcite with
alizarin red

Composition:
Matrix: Calecite micrite and dolomite mierospar in rhombic grains (15% est.)
Allochems (mostly calcite):
Brachiopod spines
Thin-walled brachiopods
Echinoderm plates
Mollusks with preserved prismatic structure
Large ostracods, some pyritic
Abundant wisps of brown organic matter
Pores (shown by impregnation): Within grains as molds and leached pores within
grains; against allochems (possible shelter porosity) as well as abundant epoxy
within areas of micrite/microspar

Fabrie: Laminated, partly dolomitized biomicrite; horizontal bedding defined by preferred
orientation of allochems; wispy lamination, defined by organie stringers wraps around
nodules, is compressed between them; microstylolitization of matrix micrite possible
but not demonstrable; some breakage of grains during compaction; in some patches
all matrix is dolomitized and the only calcite occurs in allochems; in other areas
micrite is still caleite with a small percentage of dolomite rhombs.

Photography: 6 slides

Comments: Point count, especially porosity; good sample for permeability plug
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Sample # De 2803.2

'Slab description: Fossil hash from coarse interval in grainstone
Stratigraphic interval: Lower San Andres unit 4 carbonate

Note: Normal thickness, etched and stained for calcite with alizarin red

Composition:

Allochems:

Large whole gastropods(?), some preserved fabrie in spar

Pelecypods fragments

Coated grains/oncolites--up to 5-mm-long; rotated geopetal fills; abundant,
including grains, mollusk fragments, and peloids

Ostracods

Echinoids

Brachiopod fragments

Forams

Tubes--possible girvanella and slices of forams

Peloids

Matrix: Micrite coats and fillings on all grains, but all pores are filled with sparry
calecite cement :

Cement: In addition to sparry calcite, there is local cementation of foram molds by
anhydrite and some anhydrite replacement of grains and matrix; halite has
locally cemented/replaced oncolites and gastropod molds.

Mollusk-foram-coated-grain biosparite

Fabric: Mostly structureless, possibly due to burrowing; in the lower part of the slide, thin
discontinuous layers with more micrite matrix also have organic (brown) material,
possibly algal mat.

Comments: Stain shows no dolomite; point count.
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Sample # De 2805.4

Slab description: Carbonate mudstone; area of calcite cement; abundant spines
Stratigraphic interval: Lower San Andres unit 4 carbonate

Note: Normal thickness, etched and stained for calcite with alizarin red

Composition:
Micrite mosaie: Caleite (7T0% est.)
Dolomite microspar (25% est.): Anhedral and euhedral
Sparse (<5%) allochems:
Echinoid spines
Thin-walled brachiopods
Compressed organic grains
Encrusting(?) bryozoans

Fabrie: No bedding; dolomite and calecite intermixed; rims of echinoids partly replaced by
halite; dolomitic echinoid biomicrite

Photography: 1 slide

Comments: Stain shows that 25% of the carbonate is dolomite.

63



Sample #De 2812.0

Slab description: Burrowed packstone
Stratigraphic interval: Lower San Andres unit 4 carbonate

Note: Normal thickness

Composition:

Micrite to microspar*

Allochems: All molds, variably filled with carbonate*, anhydrite, and halite; many
molds are rimmed with pyrlte dust.
Large 1-mm ooid or algal grain molds: Irregular, rounded geopetal fill
Tubes: Seen in longitudinal and transverse section
Gastropod mold
Ostracod fragments with preserved shell structure
Pelecypod fragments
Forams, micritie

Fabric: Burrowed; the sequence of cementation and control on cement phase are not easy
to determine. Both anhydrite and dolomite are at least partly replacing early halite.
Halite may have been dissolved from some pores, leaving geopetal dolomite.
Anhydrite may be earlier than dolomite.

Comments: Stain*
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Sample # De 2813.2

. \
Slab description: Burrowed micrite
Stratigraphic interval: Lower San Andres unit 4 carbonate

Note: Impregnated, poor bonding, etched and stained for calcite with alizarin red

Composition: . : '
Dolomicrospar mosaie: 0.04 to 0.01 mm caleite, <1% siliciclastic silt, <1% micritic

forams, echinoid plate fragments, compressed organic grains
Anhydrite cement (<1%): Ragged edges

Fabric: Probably small burrows, obscured by poor bonding
Comments: Carbonate is all dolomite, but epoxy and pores have Been staine:d pink. No

significant halite cement was tasted on stub. Slide didn't 1mpregnate, but moderately
rapid drylng pattern suggests some permeability may be present. :
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Sample # De 2814.9

Slab description: Nodular anhydrite with interstitial dolomite, coarser anhydrite crystal
size than below.

Stratigraphic interval: Lower San Andres unit 4 carbonate, top lower cycle

Note: Normal thickness

Composition: Similar to sample # De 2816.0 except that some millimeter-long anhydrite

blades are present in anhydrite nodules

Fabric: Similar to sample # De 2816.0 except that nodules are smaller and vertical fabrie
is absent

Comments: Coarser crystals--might be later diagenetic waters
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Sample #De 2816.0

Slab description: Nodular anhydrite; good vertical orientation interpretéd as pseudomorphs
after bottom-nucleated crystals _
Stratigraphic interval: Lower San Andres unit 4 carbonate, top lower cycle

Note: Normal thickness

Composition: : ,

Nodular anhydrlte (85% est.): Aligned, medium crystalline mosaic; blades parallel
nodule boundaries e

Replacement anhydrite in dolomicrite partings (1% est.): Equant, medium crystalline
mosaie; replacement origin clear because of distribution and inclusions of
dolomite : ,

Dolomicrite (14% est.): Even-sized, rounded, very finely crystalline dolomite; some:
preserved bedding within horizontal dolomicrite partings defined by organic(?)
wisps ,

Fabric: A good example of replacement of vertical erystals of gypsum in a dolomicrite
matrix replaced and enlarged(?) by anhydrite nodules
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Sample # De 2825.6

Slab description: Sllty wackestone, molds of large fossil fragments; upper part of shde is
microstylolitic, dark terrigenous clastic/organic interbed
Stratlg'raphlc mterval. Lower San Andres unit 4 carbonate

Note: Normal thickness, some plucking of halite from molds
Composition (sample very mhomogeneous because of bedding): ’

Dolomicrite: Very fine .crystalline, rhombic to anhedral mosaic; 5% (est) very fine
sand/coarse silt; 5% (est.) isolated anhydrite crystals, ragged edges; swirls and
stringers of dark silty, clayey, organic-rich, pyritic material throughout dolomi-
crite--possibly burrow fills, microstylolite zones? :

Allochems: All halite-filled molds; two populations: skeletal hash less than 1 mm
and bivalve molds larger than several millimeters; some large ‘whole, thin-
shelled pelecypods, a few bivalves with articulated shells; this is not a totally
transported assemblage.

Dark clasties at top: Gradational contact of clasties with dolomierite; dark mudstone
and pyrite and dark, opaque organics are fractured; skeletal halite crystals and
horizontal eracks are filled with gypsum or length-slow chalecedony. ‘

Halite fillings of fractures and allochems: Details not visible in thin shde; many
euhedral pits dissolved in hahte surface (while making thin section). ”

Fabrie: Origin of contortion is unclear. Stub looks like it has been sheared along diagonal
bedding surfaces. Large masses of halite that don't fill allochem molds are locally
enlarged by plucking and are associated with clastic/organic material. They could be
either microstylolite-bounded nodules or replacement of irregular grains, possibly
oncolites. - Mudstone bed does not appear to be a concentration due to microstylo-
litization but a real clastic interbed because of gradational contact with dolomicrite.

Comments: Check mineralogy of fibrous fracture fills in dark mudstone--chalcedony?
gypsum? celestite? :

68



Sample # De 2826.1

Slab description: Dolomicrite drapes over anhydrite nodules at the base of the carbonate
Stratigraphic interval: Lower San Andres unit 4 carbonate, base

Note: Normal thickness, etched and stained with alizarin red

Composition:
Anhydrite: Finely crystalline anhydrite nodule; nodule 3 ecm in diameter; dolomite
inclusions

Silty dolomicrite: Rounded, 0.01-mm crystals; compressed organic material; abun-
dant pyrite as framboids and dust in dolomite; local masses of anhydrite mosaic
and bladed mosaie. Allochems: Sparse forams, probable pellets

Halite: Masses within dolomite contain low index cubes--are these flaws in the thin
section? Halite appears to be replacing the irregular areas of less dense halite
in irregular to slightly skeletal areas. A few blades of anhydrite replace halite.
Halite fills a few small fractures.

Fabrie: Dolomite not bedded; mottled fabrics of obscure origin due to variation in density
of dolomite and distribution of pyrite; collapse origin possible

Comments: Check mineralogy of low index cubes and brown fibrous areas--all artifacts in
halite?
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Sample # De 2829.3

Slab description: Dark mudstone overlies (1) anhydrite, (2) anhydrite-éemented, very fine
sand, and (3) coarse silt. '
Stratigraphiec interval: Lower San Andres unit 4 residue

Note: Norm‘al thickness

Composition (sample very inhomogeneous because of bedding): _

Mudstone: Upper 3 mm of slide is laminated sericitic claystone (gray, has good
optical orientation), mudstone, and anhydritic mudstone. All contain abundant
pyrite framboids.

Anhydrite: - 2 em thick, muddy laminae in middle

Siltstone to very fine sandstone, anhydrite cement and nodules, disturbed texture and
variable composition

Fabrie: Anhydrite and dark mudstone are laminated, siltstone to very fine sandstone has
disturbed-intraclastic texture.

Comments: Point count for provenance.
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Sample # De 2831.5

Slab description:- Anhydritic dark mudstone-siltstone, wavy lamination, insoluble residue
suite of three continuous slides
Stratigraphic interval: Lower San Andres unit 4 residue

Note: Normal thickness

Composition (sample very inhomogeneous because of beddmg)

Mudstone: Like sample # De 2831.7 '

Siltstone: Moderately well sorted,’ coarse siliciclastic siltstone, 51lt sized dolomite
grains/cement

Anhydrite: Mosaic of finely crystalline equant to bladed, crystals' wavy lamination
defined by mudstone intraclasts and interbeds and stringers of coarse dolomite
and anhydrite. Dolomite and anhydrite occur as anhedral skeletal erystals at
edges of halite masses. Where halite is gone, coarse dolomite is a mosaic of
large crystals with undulose extinction and triple junections.

Halite: 5% (est.) of slide, remnant irregular masses

Fabric: Wavy laminated to intraclastie; discontinuity of some lithologies, especially
siltstone; origin of discontinuity unclear-—early" channel? mudecrack fill? later?
deformed during collapse?

Photography: 2 slides

Comments: Point count, especially siltstone pocket for provenance.
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