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CHAPTER I 

INTRODUCTION 

The San Andres Pormatlon (Middle Permian) Is a major 

hydrocarbon producer in West Texas and Eastern New 

Mexico, producing approximately 20 percent of the total 

oil production for the Permian Basin (Chuber and Pusey, 

1972; Pig. 1 of this report). 

In Slaughter Pleld, Cochran and Hockley Counties, 

Texas, the San Andres Pormatlon Is a major oil producer 

with a cumulative production of 1,111,500,000 barrels as 

of January 1, 1980. Depth of production averages 4,900 

feet (Ward et al, 1986). 

Traps within the San Andres are generally 

stratlgraphlcally controlled within dolomltlc fades by 

abrupt porosity and permeability changes and by updlp 

sulfate plugging (Ward et al, 1986). Study of the 

environments of deposition and dlagenetlcally controlled 

porosity barriers may help to control and define 

secondary and tertiary recovery methods and clarify 

producing Intervals within this complex field. 

Mobil Producing Texas and New Mexico provided four 

cores totaling 576 feet from wells In the Slaughter Pleld 

for the present study. These four wells are geologically 
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located on the Northwest Shelf between the Roosevelt 

Positive and the Midland Basin (Pig. 1) and lie 

approximately along the strike of the paleocoastline in 

this region (Pig. 2). 

Objectives of Study 

1. Analyze core data and describe original .environment 

of deposition, llthofacles and biofacies. 

2. Determine the sequence of diagenetic events and 

interpret these In relation to deposltlonal 

environments and porosity occlusion. 

3. Identify porosity types and trends in relation to 

diagenetic history. 

4. Interpret and correlate electric log responses to 

determine fades and porosity correlations and 

interrelationships. 

Methods of Study 

Macroscopic observations were made on core from the 

four wells to determine gross llthologic relationships, 

biofacies, sedimentary structures, deposltlonal 

environments, and relative porosity. Results were 

recorded on llthologic strip logs and subsequently used 

for lateral correlations and cross correlation with thin 



section descriptions. The carbonate rock types were 

classified according to Dunham (1962). 

A total of 196 thin sections were selected for 

petrographlc study. The sections were stained with 

Alizarin Red S to distinguish calcite from dolomite, and 

with potassium ferrlcyanide to distinguish ferroan 

carbonates from nonferroan types. Polarlzln.g, reflected 

light, and fluorescence microscopy were used to identify 

rock types and to determine diagenesls. Detailed 

analysis was performed to determine diagenetic 

overprints, porosity relationships, and to supplement 

interpretation of deposltlonal environments based upon 

hand sample descriptions. 

Pollowing examination and description, the cored 

Intervals were correlated with numerous offsetting wells 

using gamma ray, caliper, sonic, sldewall neutron, 

porosity, and density logs. These correlations helped to 

define porosity, diagenetic, and llthologic trends within 

the field. 

Previous Work 

The type section of the San Andres Pormatlon was 

first described by Lee in 19O8 in the San Andres 

Mountains of south central New Mexico. Shortly after, 

Lee and Glrty (1909) assigned a Pennsylvanlan age to the 



type section of the San Andres. It was discovered In 

subsequent investigations by Darton (1922), Adams (1939), 

and Needham and Bates (1943), that the San Andres should 

be placed within the Leonardlan Series. Dickey (1940), 

Lewis (19^1), and King (1942), however, concluded that 

San Andres sediments from Delaware Basin margin sections 

in the Guadalupe Mountains were at least partially 

Guadaluplan. Subsequent work on stratigraphlc 

relationships by Miller and Furnish (1940), Clifton 

(1945), Hayes (1959, 1964), Skinner (1946), Boyd (1958), 

Flowers and others (1956), and Silver and Todd (1969) 

showed that the San Andres Is progradatlonal, causing 

the sediments to become progressively younger as 

sediments prograded from the Northwest Shelf to the 

Delaware Basin margins. The San Andres Pormatlon Is 

Leonardlan In age on the Northwest Shelf and Guadaluplan 

in age farther south along the Delaware Basin margins. 

More recent work by Chuber and Pusey (1972), 

Melssner (1972), Barone (1976), Mulr (1978), Foley 

(1978), Tully (1979), Welsh (1982), and Rahman (1983) has 

focused on the cyclic nature of deposition and diagenetic 

histories of the San Andres. Jacka and others (1980) 

suggest that the recorded cyclic sedimentation events 

were caused by glacially controlled eustatic sea level 

fluctuations. 



stratigraphy 

The San Andres Formation contains fades extending 

from coastal plain elastics to shallow subtidal 

carbonates, and ranges up to 1,220 feet In thickness. In 

northern parts of the Northwest Shelf, the San Andres 

consists of Interbedded anhydrite, halite, limestone, and 

dolostone (Rahman, 1983); however, in this s.tudy area 

only dolostone and anhydrite were noted. The lower San 

Andres intertongues with the Brushy Canyon Formation of 

the Delaware Basin, and the upper San Andres with the 

shelf edge oolite fades of the Getaway Bank on the shelf 

margin and the lower Cherry Canyon Formation In the 

Delaware Basin (Fig. 3). 

The Glorletta sandstone (Leonardlan) conformably 

underlies the San Andres Formation on the Northwest 

Shelf. Tully (1979) has found the Glorletta along the 

Northwest Shelf to be composed of fine quartz arenlte to 

subarkose with anhydrite cement. Various members of the 

Artesla Group unconformably overlie the San Andres 

Formation. The Grayburg Pormatlon (Guadaluplan) Is the 

lowest member of the Artesla Group (Talt and others, 

1962). The Grayburg consists of sandstones, dolostones, 

and anhydrite beds (Melssner, 1972). 
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the edge of the platform caused the two basins to become 

progressively deeper along the margins of the Central 

Basin Platform. During Paleozoic time, the Delaware 

Basin was filled with more than 35,000 feet and the 

Midland Basin with over 15,000 feet of slllclclastlc 

sediments (Dolton and others, 1979). 

By early Leonardlan, a ramp-type shelf formed a 

series of barriers along the seaward edges of the Central 

Basin Platform, effectively sealing off open water 

circulation. The shelf platform was an area of abundant 

lagoonal and evaporitlc environments resulting from 

restricted water circulation (Adams, 1965). Deep basinal 

fades of sillciclastic sedimentation occurred within the 

Midland and Delaware basins concurrently with shelf 

carbonate deposition on the platforms and shelves (Ward 

and others, 1986). 

Melssner (1972) compared modern carbonate 

sedimentation to that of the Permian carbonates and 

concluded that deposition occurred In tropical to 

subtropical climates. A structural map prepared on top 

of the San Andres Formation Indicates a south/southwest 

dip of approximately 0.4 degrees (Fig. 5). 

During Late Permian time (Ochoan), an accumulation 

of sandstone, anhydrite, and halite totaling over 1500 

feet was deposited in this restricted basin and also on 
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Geologic History 

The area of present study lies on the Northwest 

Shelf, which is a structural high between the Palo-Duro 

Basin and the Midland Basin. This structural high is 

known as the Matador Arch/Roosevelt Positive (Fig. 1). 

The Permian Basin Is a large structural depression, 

separated Into the Delaware and Midland basins by the 

Central Basin Platform. The bordering structural highs 

Include the Bend Arch on the east, the Marathon Folded 

Belt and the Star Mountain Arch on the south, the Diablo 

Platform on the southwest, the Pedernal Massif on the 

northwest, and the Matador Arch/Roosevelt Positive on the 

north (Galley, 1958). 

Tectonlsm in Precambrian time resulted In a large 

assymmetrlc depression to the south of the study area 

(Dolton and others, 1979; Fig. 4 of this report). This 

region was traversed by an anticlinal spur, the 

Transcontinental Arch, in late Cambrian time. The Arch 

slowly became depressed to form the Tabosa Basin and was 

first Inundated by a shallow Ordovlclan sea (Galley, 

1958; Adams, 1965). 

In Pennsylvanlan time, tectonlsm resulted In 

formation of the Central Basin Platform, which would 

later define the physiographic boundaries for the 

Delaware and Midland basins. Continued faulting along 



the adjacent shelves. Thin clastic units were formed 

during the Triasslc, and thin carbonate sedimentation 

occurred during the Cretaceous (Adams, 1965). 
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CH/iPTER II 

DEPOSITIONAL ENVIRONMENTS 

In the study area, the lower San Andres Formation 

consists of three major sedimentary fades. These fades 

are repeated in a cyclic fashion, numerous times in 

vertical sequence. Each of the deposltlonal cycles found 

in the lower San Andres Is dominately progradatlonal in 

nature. The vertical cycles were deposited during still 

stands of sea level that followed rapid transgressions 

wherein upward shoaling, progradatlonal subtidal, 

intertldal, and supratldal sequences were deposited. 

Environmental conditions which could produce the 

backreef, lagoonal fades encountered In this study 

include an arid climate, a high temperature and net 

evaporation, a gently dipping coastline, and a high tidal 

range (Kinsman, 1969). Sediments along the Truclal Coast 

of the Persian Gulf are deposited in a similar sabkha 

setting and these sediments represent a partial, modern 

deposltlonal analog to the San Andres, Permian setting 

(see Kinsman, 1969 or Butler, 1969). 

Llthofacles along the Truclal Coast of the Persian 

Gulf closely resemble those in the San Andres. Within 

the subtidal (lagoonal) environments of the Persian Gulf, 

14 
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llthofacles Include: (1) coral and coralline algae 

fades offshore (2) oolitic sand (grainstone) fades, (3) 

pellet aggregate (grapestone) and pellet fades, (4) mud 

and pellet fades, and (5) molluscan sand fades, onshore 

(Kendall and Sklpwith, 1968). 

Subtidal Fades 

Carbonate sediments of subtidal environments are 

those deposited below mean low tide. Subtidal deposits 

predominate within the San Andres cored intervals. 

Virtually all subtidal deposits have been extensively 

dolomltlzed and contain anhydrite, gypsum, and silica 

(Pigs. 6 and 7). The subtidal fades can be separated 

into four subfacies Identified on the basis of 

allochemlcal components and textures which indicate the 

energy level in which each was deposited. The four 

subfacies grade into one another from proximal (landward) 

to distal (seaward) types. In general, proximal deposits 

contain less allochem diversity and density and a greater 

percentage of original lime mud matrix. Distal deposits, 

in contrast, contain a greater amount of fragmental 

allochem types and a smaller percentage of original line 

mud matrix. 

The first llthofacles consists of brown and gray 

mottled pelbiowackestones and packstones, commonly 
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associated with thin laminations, compaction wisps and 

bioturbation. Bloclasts Include ostracods, molluscs, 

crlnoids, fusullnlds, other forams, and flat 

stromatolites (Fig. 8). Original fabrics have been 

obliterated or greatly obscured by dolomltlzation making 

the llthofacles appear similar to a mudstone or 

wackestone (Pigs. 9 and 10). Llthofacles I .characterizes 

the lowest energy levels within the study area. 

Llthofacles II consists of pelbiograpewackestones 

and packstones, associated with compaction wisps and 

bioturbation. Bloclasts include ostracods, molluscs, 

brachiopods, gastropods, and fusullnlds. Peloidal 

content is mostly masked by dolomltlzation and can be 

detected only with autofluorescence (Pigs. 11 and 12). 

This llthofacles reflects deposition under higher energy 

conditions than llthofacles I. 

Llthofacles III consists of blointraoopel-

packstones and grainstones. Bloclasts include fragmental 

molluscs, brachiopods, ostracods, crlnoids, fusulines, 

and other forams. Deposition occurred under higher 

energy levels than llthofacles I and II. 

Llthofacles IV consists of oobiointrapelpackstones 

and grainstones. Bloclasts Include fragmental molluscs, 

brachiopods, ostracods, fusullnlds, crlnoids, gastropods, 

and small foramlnifera. Peloids are less abundant than 
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in llthofacles III. Deposition occurred closest to the 

outer shelf under the highest energy conditions of the 

study area. 

Intertldal Fades 

Intertldal sediments are deposited along the 

coastline between mean high tide and mean low tide. The 

fades representing the intertldal deposits are 

characterized by horizontal stromatolites, thinly 

laminated dolomite and vertically oriented domlchnial 

burrows (Logan and others, 1964; Seilacher, 1964). 

Algal-laminated sediments form in protected low energy 

intertldal flats (Logan and others, 1964). 

Major deposltlonal fades include pelblopackstones 

and wackestones. The fades contain both vertical and 

horizontal oriented burrows. All intertldal sediments 

contain dolomite and nodular anhydrite within 

stromatolitic zones. 

Supratldal Fades 

The supratldal environment occurs above normal high 

tide between spring and abnormally high storm tides which 

may Inundate the area several times annually. In the San 

Andres, supratldal deposits consist of nodular anhydrite, 

flat stromatolites and dolostone which formed under arid 
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conditions. This phenonemon is observed along landward 

margins of shallow lagoons in the Persian Gulf where 

sabkha fades are found to prograde over intertldal and 

subtidal fades at a rate of one to two meters per year 

(Kinsman, 1969). 

The supratldal (sabkha) sediments contain very fine 

(<20 microns), hypldlotoplc, light tan to gray dolomite 

in fine parallel laminations and irregular lenses within 

anhydrite nodules. Sedimentary structures include 

laminated dolomite and anhydrite, desiccation cracks, and 

compaction stringers. The rock type can be described as 

an intrapelwackestone/packstone. The supratldal 

sediments contain anhydrite filled stromatolites. 

Remnants of dolostone under autofluorescence indicate 

that the stromatolites contain lime mud with peloidal 

Intraclasts. 

Much of the supratldal dolomite has been 

dlagenetlcally replaced by anhydrite. The anhydrite 

forms in a nodular (chicken-wire) fabric, ptygmatic 

(enterollthlc) anhydrite, and as laminar bedded 

anhydrite. The nodular fabric can also be found 

replacing intertldal and subtidal dolomite; hence, the 

simple presence of anhydrite does not identify supratldal 

deposits. Much of the anhydrite Is not evaporitlc in 

origin but dlagenetlcally replaced at a later stage. 
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Halite is not found in the study area and no 

remnants of replaced halite crystals are observed. This 

may be due to the fact that the cored wells are located 

distally (seaward) of the brine pan deposits, and may not 

have prograded far enough in the seaward direction. 

The supratldal sediments complete the progradatlonal 

cycle and are capped by erosive contacts whiph commence 

the next deposltlonal cycle. The vertical sequence of 

subtidal, intertldal, and supratldal sediments, followed 

by another subtidal deposit, indicates a rapid sea 

transgression. Intraclasts of underlying supratldal 

sediments are often incorporated into the overlying 

subtidal sediments at the basal contact (Fig. 13). 
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Figure 7. Oriented clay slide x-ray analysis from well 
EMU 117 at 4938 feet. 
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Figure 8. Photomicrograph under polarized light from 
well M 1124 at 4922 feet. Vertically stacked 
stromatolites with detrltal quartz grains. Crossed 
polarizers. 
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Figure Q. Photomicrograph under 
polarized light from well EMU 117 

Apparent mudstone. p 
at 5024 feet. 
Plain light. 
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Figure 10. Photomicrograph under 
autofluorescent light from well 
EMU 117 at 5024. feet. The rock is 
a. peloid packstone. 
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Figure 11. Photomicrograph under polarized light from 
well EMU 117 at 4946 feet. Apparent wackestone under 
crossed polarizers. 
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Figure 12. Photomicrograph under autofluorescent light 
from well EMU 117 at 4946 feet. The rock is a 
pelgrapeblopackstone. 
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Figure 13. Intraclasts between cycles 
at the basal contact in well MW 25 at 
5019 feet. 



CHAPTER III 

DIAGENESIS 

The lower San Andres Formation records a complex 

diagenetic pattern imposed upon progradatlonal 

deposltlonal cycles. Three major diagenetic events 

comprise a major diagenetic cycle: dolomltlzation, 

anhydrltlzation, and fresh water diagenesls. Deciphering 

the diagenetic overprints may aid in determining porosity 

and permeability trends as they relate to the 

deposltlonal environments. 

Dolomltlzation consists of neomorphlc replacement. 

Original carbonate materials exhibit the following order 

of susceptability to dolomltlzation from greatest to 

least; (1) aragonlte matrix, (2) crystalline aragonite 

shells and odds, (3) peloids, mlcritlzed shells, 

stromatolites, micrite envelopes, and (4) calcite (Jacka, 

personal communication 1985). 

Anhydrltlzation Is a diagenetic "byproduct" produced 

from calcium-sulfate enriched brines which discharged 

through the sediment after dolomltlzation and probably 

during progradation of supratldal over intertldal and 

subtidal sediments. Both dolomltlzation and 
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anhydrltlzation reflect an arid climate during high 

stands of sea level when the shelf was submerged (Rahman, 

1983). 

ler During freshwater diagenesls, anhydrite eith. 

dissolved or was replaced by gypsum, hemlhydrate, silica, 

or fluorite. This stage represents low stands of sea 

level associated with Increased meteoric water. During 

this time the shelf was subaerlally exposed to fresh 

water invasion (Jacka and Franco, 1974). 

Dolostone Diagenesls 

Dolomite occurrence within supratldal sediments was 

produced penecontemporaneously, forming a very fine (<20 

microns) idlotoplc fabric. This is a neomorphlc process, 

obliterating original aragonitlc mud and peloidal mud 

fabric (Jacka, 1975). Idlotoplc fabrics have been 

greatly compromised by later dolomite overgrowths forming 

a hypldlotoplc fabric (Fig. 14). 

Dolomltlzation has completely replaced all 

intertldal and subtidal deposits both neomorphically and 

paramorphlcally. Dissolution of some bloclasts took 

place during dolomltlzation. Some distal (seaward) 

deposits, however, still retain some of the neomorphlc 

idlotoplc fabric and contain intercrystalline porosity 

(Pig. 15). In some places cores of dolomite crystals 
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have been dissolved leaving a "pill box" structure (Fig. 

16). Jacka (1984) attributes Intracrystalline porosity 

to dissolution of anhydrite which replaced organic rich 

centers of dolomite centers, leaving the clear epitaxial 

cement rims. 

It is very difficult to distinguish replacement 

dolomite from dolomite cements In supratldal and 

intertldal deposits because of the very fine grain size. 

Concentrated dolomite-precipitating fluids in the 

proximal (shoreward) areas tend to create more sites for 

nucleation and thus an overall finer matrix fabric while 

a more dilute solution will tend to cause larger, more 

widely-spaced crystals (Berner, 1971). Crystal growth is 

also thought to be at least partially controlled by ionic 

substitutions of minor elements and other impurities 

found in saline fluids (Katz, 1968; Cook, 1970; Folk and 

Land, 1975). Dolomite cements tend to fluoresce more 

than replacement dolomite and both will fluoresce to a 

greater degree than mlcritlzed pelloidal grains. 

Crystal size of neomorphlc replacement dolostones 

Increases from proximal to distal areas in the vertical 

sequence. The largest fraction of dolomite is of the 

neomorphlc variety. Neomorphlc dolomite replaced 
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aragonitlc muds through dissolution and reprecipltation, 

changing aragonitlc orthorhombic needles into dolomltlc 

rhombic crystals. 

Within the subtidal sediments, dolomite rhomb sizes 

vary according to the subfacies within each sediment was 

neomorphically replaced. Llthofacles I contains dolomite 

rhombs from 0.5 to 30 microns, llthofacles II from 2 to 

50 microns, llthofacles III from 5 to 120 microns, and 

llthofacles IV from 5 to 120 microns. 

Obliteration of original textures by dolomltlzation 

has caused researchers to misinterpret original rock 

types with conventional polarizing and reflected 

microscopy. In many instances autofluorescence 

microscopy, as described by Dravls and Yurewicz (1985), 

can delineate the original deposltlonal textures which 

otherwise are masked by the neomorphlc dolomltlzation 

processes. Rock types previously described as mudstones 

and wackestones are revealed as packstones and 

grainstones under autofluorescent lighting (Figs. 17 and 

18). 

Fluorescence is a form of luminescence and causes a 

material to become excited and emit light when bombarded 

with visible and ultraviolet light radiation (Dravls and 

Yurewicz, 1985). Within the studied intervals, 

observation indicates that the dolomite cement within the 
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neomorphlc matrix tends to fluoresce, leaving the 

original rock fabric as dark outlines of original 

allochem grains. Overgrowth cementation tends to show up 

as lighter growth lines than the original neomorphlc 

crystal. Mudstones and wackestones have been 

reclassified as pelblopackstones and grainstones (Figs. 

19 and 20). This is a very important tool fpr 

deciphering environments and how they relate to porosity 

development. 

Paramorphlc dolomltlzation preserves original 

calcite morphologies (Jacka, 1975). Calcitlc bloclasts, 

colds, and magnesium-calclte are the most common 

candidates for paramorphlc replacement (Foley, 1978). 

Echinoderm plate components are paramorphlcally replaced 

and retain unit crystal syntaxlty (Fig. 21), as are 

pelecypod shell fragments that retain their fibrous 

texture (Fig. 22), and odds which retain radial fibrous 

textures. Because of dolomite replacement 

susceptability, paramorphlc dolomite generally will only 

occur within intervals that have been completely 

dolomltlzed. The sediments in all four of the wells 

studied have been completely dolomltlzed and leave no 

remnants of calcitlc shells or cements. Paramorphlc 
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replacement is very common in all four wells. Single 

paramorphlc crystals are generally anomalously large 

according to the grains original crystallinity. 

Dolomite cements can be found as overgrowths (Fig. 

23), lining blomolds, lining the inside of micrite 

envelopes, as intercrystalline cement, and within 

anhydrite molds (Fig. 24). Dolomite cements, (5-150 

microns) generally are two to three times coarser than 

the dolomltlzed matrix and appear as clear sparry 

crystals. In many instances pores are completely filled 

in places by dolomite cement (Pig. 25). In most pores, 

anhydrite compliments the dolomite in occluding porosity. 

Micritization (the process of converting crystalline 

grains to micrite by boring algae; see Bathurst, 1966), 

may prevent grains from dissolving during dolomltlzation 

(Jacka, personal communication, 1986). In many instances 

unmicrltized grains have dissolved during dolomltlzation. 

The mlcritlzed allochem contains a greater organic 

content which may act as a permeability barrier and a 

chemical buffer to dolomitizing fluids (Shearman and 

Sklpwith, 1965). This process causes mlcritlzed 

allochems to have anomalously small replacement dolomite 

rhomb sizes compared to dolomltlzed matrices. 
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Sulfate Diagenesls 

Sulfate emplacement within supratldal environments 

is very similar to that observed in modern sabkha 

environments of the Persian Gulf as reported by Wells 

(1962), Curtis and others (1963), Evans and Shearman 

(1964), Butler (1969), and Kinsman (1969). 

On modern sabkha surfaces, groundwater level rarely 

lies more than four feet below the surface and controls 

evaporation equilibrium (Kinsman, 1969). The 

precipitation of evaporitlc minerals such as gypsum, 

anhydrite, and halite are the result of groundwater 

interaction with supratldal peloidal lime muds (Kendall, 

1969).. Within Intertldal algal mats, gypsum may grow as 

Interstitial needles but within supratldal sediments the 

gypsum may precipitate down to the depth of the water 

table and below it (Butler, 1969; Kinsman, 1969; 

Butler, Harris and Kendall, 1982). As gypsum, and later 

anhydrite precipitate, the groundwater becomes depleted 

in calcium ions, increasing the Mg/Ca ratio to form a 

brine. The brine converts the peloidal lime mud to thin 

dolomltlc layers (Kinsman, 1964; Butler, 1969; Jacka 

and Franco, 1975 ; Kendall, 1969). As progradation 

proceeds and salinities Increase, gypsum becomes 

dehydrated and converts to anhydrite which forms dense 

nodular replacement fronts (Jacka and Franco, 1975). The 
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width of the gypsum belt remains relatively constant 

throughout progradation, but the area of anhydrite 

Increases as dolomltlzation occurs (Kinsman, 1969). 

Gypsum 

In modern sabkha deposltlonal environments, gypsum 

may form as interstitial needles within alga.l mats of the 

intertldal zone and as precipitate towards the outer 

recharge zones of supratldal areas (Butler, 1969; 

Kinsman, 1969). In the lower San Andres sediments, all 

original gypsum has been subsequently altered to 

anhydrite. Foley (1978), Tully (1979), and Welsh (1982) 

have found that anhydrite may pseudomorphically replace 

gypsum bladed and swallowtail crystals although no 

examples of this have been found in this study. Shearman 

(1966) and Kinsman (1969) have found that gypsum 

morphologies are commonly obliterated during replacement 

by anhydrite. All of the gypsum remaining in the studied 

samples represents a postdeposltlonal diagenetic event 

caused by fresh water invasion. Typically the fresh 

water rehydrates the anhydrite and converts it to gypsum 

and/or basslnlte (Fig. 26). Since there is no evidence, 

in many instances, of any expansion fracturing during 

replacement, this conversion appears to be volume for 

volume. 
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Anhydrite 

Within the lower San Andres Formation, anhydrite is 

closely associated with dolomltlzation. Anhydrite 

occurrence and thickness decrease from supratldal to 

subtidal deposits. Rahman (1983) has found that 

dolomitizing fluids have most probably discharged in the 

distal (seaward) direction on aquicludes formed by 

anhydrite, halite, and shale beds. The aquicludes were 

very nearly horizontal and prevented much vertical 

movement by dolomltlc fluids. Anhydrite may be found as 

a primary precipitate in proximal areas or as a 

diagenetic replacement phenonemon. Replacement takes 

place by an anhydritizing fluid resulting from a calcium-

enriched brine during and following the process of 

dolomltlzation. 

Anhydrite may be formed within modern and ancient 

sabkhas as (1) pseudomorphs of gypsum crystals, (2) 

scattered nodules or dense nodular mosaics, (3) 

enterollthlc (ptygmatic) layers, and (4) bedded 

anhydrite. Anhydrite is dlagenetlcally emplaced within 

all deposltlonal environments as (1) scattered nodules or 

nodular mosaics which simulate those found within 

sabkhas, (2) replacement porphyroblasts of sparry 

anhydrite, (3) replacement by mlcrocrystalline anhydrite, 

(4) massive replacement by a coalescence of nodules. 
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porphyroblasts or mlcrocrystalline anhydrite, (5) cenent, 

and (6) combination of cement and replacement which may 

result in massive replacement (Jacka, personal 

communication 1986). 

Pseudomorphed gypsum crystals are common to the 

sabkha environment and are reported west of the study 

area by Barone (1976), Mulr (1978), Foley (1978), Tully 

(1979), Welsh (1982), and Rahman (1983). No example of 

pseudomorphed gypsum crystals were observed although it 

is inferred to have occurred and relics to have been 

obliterated. Several enterollthlc layers of anhydrite in 

well EMU 117 have formed boudlnage structures 1 to 3 

centimeters in thickness (Fig. 27). Individual felted 

lath nodules and coelesced nodular mosaics are present 

and form massive replacement fronts in much of the 

intertldal and supratldal zones (Fig. 28). Within 

supratldal zones, some bedded anhydrite is present 

suggesting a replacement of bedded gypsum. Some bedded 

anhydrite is due to complete diagenetic replacement of 

stromatolites (Fig. 28). Remnant dolomite, ghosting 

allochems, and organic material distinguish this from 

bedded anhydrite which replaced gypsum. Some anhydrite 

displaces the compaction wisps In the sabkha environment 

possibly Indicating that some anhydrite existed before 

compaction was completed (Fig. 29). 
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Dlagenetlcally emplaced anhydrite forms nodules and 

mosaics of felted lath and spar in all environments 

nucleating in organic-rich allochems or as cement in 

voids. The anhydrite subsequently invades the 

surrounding grains and the dolomltlc matrix. This forms 

a polkilotoplc structure with cloudy relics of former 

allochems caused by tiny dolomite inclusions, (Fig. 30). 

Replacement porphyroblasts of anhydrite originate in 

the dolomite matrix and organic-rich peloids and burrows, 

growing with stair-step morphology and indiscriminately 

invading the surrounding materials (Fig. 31). 

Anhydrite cements are generally sparry and occur in 

blomolds, fractures, Intrabiotlc cavities, 

intercrystalline pores, and in anhydrite molds as a 

second generation of anhydrite cement. Many times 

anhydrite seems to start as a cement and subsequently 

replaces the surrounding matrix. Some anhydrite has 

dlagenetlcally altered to gypsum and basslnlte 

(hemlhydrate). In places where anhydrite is dissolved 

completely, stair-step voids within bloclasts and 

dolomite matrix dominate and may contain a second 

anhydrite cement. This phenonemon records a second 

anhydrltlzation event at a later stage (Fig. 32). 
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Celestlte and Barite 

Celestlte and barite are minerals copreclpltated 

with anhydrite, that utilize excess strontium and barium 

ions respectively during dolomltlzation (Bathurst, 1975). 

These two minerals are difficult to distinguish 

petrographlcally from each other and the general term 

"celbar" will be used in this paper as reference to 

either mineral species. Celbar forms lath-shaped 

crystals which have lower birefringence than anhydrite. 

Celbar occurs with all anhydrite replacements but most 

commonly in felted-lath nodules of anhydrite. Celbar is 

more resistant to subsequent diagenetic reactions than 

anhydrite. 

Sillcification 

Silica occurs in subtidal and intertldal sediments 

replacing dolomite and anhydrite and as cement in 

bloclasts and anhydrite molds (Figs. 33 and 34). 

Varieties of quartz include length-slow chalcedony, 

megaquartz, and mlcroquartz. Silica nodules are found in 

cores from all wells within subtidal sediments. The 

major source of silica was probably continental meteoric 

groundwater. 
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Pyrlte 

Pyrlte is found in all environments associated with 

replacement anhydrite (Fig. 35). It occurs along 

anhydrite replacement fronts and seems to be a byproduct 

of this replacement reaction. It is thought that pyrlte 

forms authigenically in the presence of hydrogen sulfide 

emitted by reducing organic material (Foley,, 1978). 

Pyrlte forms as cubic or pentagonal dodecahedron crystals 

and can be detected by its opacity in transmitted light 

and metallic luster in reflected light. 

Pluorlte 

Minor amounts of fluorite replace anhydrite within 

subtidal sediments. Fluorite is recognized by its 

distinctive (111) cubic cleavage and its isotropic nature 

(Fig. 36). Fluorite is thought to be a product of 

meteoric groundwater diagenesls (Mulr, 1978; Tully, 

1979; Welsh, 1982). 

Compaction 

Numerous vertically oriented fractures accompany 

partially lithlfied layers near organic laminations. 

Jacka (personal communication, 1986) infers a lithlfied 

layer between two unllthlfied layers was vertically 

fractured during the subsequent lithifying of the 
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bounding layers. Some vertical fracturing can be found 

along with anhydrite nodules but only in a few cases. 

Foley (1978) and Tully (1979) have inferred the cause to 

be diagenetic in nature. They postulate that an Increase 

in volume owing to basslnlte and gypsum replacement 

causes partially lithlfied host carbonates to expand by 

fracturing to accomodate nodule formation. ;Since nodule 

fracturing is not always present, the fractures are 

inferred to be caused by llthificatlon of a previous void 

and the replacements to be volume for volume. 

Wispy organic laminations occur in most subtidal 

sediments (Shlnn, 1977). Bathurst (1975) reported that 

original aragonitlc muds contain up to 60 percent 

porosity. Shlnn (1977) demonstrated that carbonate 

porosity reduction results from compaction pressures, 

forming kerogen wisps. Carbonate dissolution 

concentrates insoluble residues, hydrocarbons, clay 

particles, silica, and pyrlte. Common horizontal 

stylolltes are formed in response to this mechanism and 

form permeability barriers. 

Differential compaction causes many blomolds to 

partially collapse and create compaction fractures (Fig. 

?7), "Pill box" dolomite structures, as desclbed 

earlier, also partially collapse and reduce porosity. 
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Figure 14. Photomicrograph of dolostone hypldlotoplc 
fabric from well EMU 117 at 4938 feet. Note calclsphere 
replaced by dolomite in center of micrograph. Plain 
light. 
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Figure 15. Photomicrograph of idlotoplc dolomite from 
well EMU 117 at 5040 feet. Much intercrystalline 
porosity is filled by anhydrite cement. Plain light. 
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Figure 16. Photomicrograph of dolomite "pill box" 
structures from well W 56 at 5005 feet. Light area is 
porosity. Plain light. 
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Figure 17. Photomicrograph under polarized light from 
well EMU 117 at 4965 feet. Apparent mudstone under 
crossed polarizers. 
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Figure 18. Photomicrograph under autofluorescent light 
from well EMU 117 at 4965 feet. The rock is a peloid 
packstone. 
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Figure 19. Photomicrograph under polarized light from 
well EMU 117 at 4951 feet. Apparent mudstone with 
dolomite overgrowth cement. Crossed polarizers. 
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Figure 20. Photomicrograph under autofluorescent light 
from well EMU 117 at 4951 feet. The rock Is a 
pelgrapepackstone. 
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Figure 21. Photomicrograph of paramorphlc dolomite 
replacing crindd components with epitaxial cement in 
well MW 25 at 5116 feet. Original lime mud matrix was 
dolomltlzed neomorphically. Crossed polarizers. 



50 

Figure 22, Photomicrograph of paramorphlc dolomite 
replacing a pelecypod shell in well MW 25 at 5074 feet 
Lime mud matrix was dolomltlzed neomorphically. Plain 
light. 
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Figure 23. Photomicrograph of dolomite overgrowth cement 
(OG) in well MW 25 at 5066 feet. Cloudy organic rich 
center represents replacive dolomite. Plain light. 
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Figure 24. Photomicrograph of dolomite cement (d) within 
a first generation anhydrite mold filled by second 
generation anhydrite in well MW 25 at 4982 feet. Plain 
light. 
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Figure 25. Photomicrograph of dolomite cement completely 
filling blomolds in well W 56 at 4903 feet. Plain light. 
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Figure 26. Photomicrograph of basslnlte (hemlhydrate, h) 
replacing anhydrite (a) and celbar (cb) within a blomold 
in well EMU 117 at 5049.3 feet. Note first generation 
anhydrite molds (m). Crossed polarizers. 
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Figure 27. Enterollthlc anhydrite replacing dolomite In 
well M 1124 at 4929 feet. 
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Figure 28. A typical deposltlonal 
cycle in well W 56 is capped by a 
sabkha deposit. Note massive 
anhydrite in supratldal zone. Much 
replacive anhydrite has been emplaced 
within intertldal and subtidal fades 
below the sabkha. 
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Figure 29. Photomicrograph of celestlte (c) 
(f) replacing anhydrite (a) in well MW 25 at 
Note the compaction wisps (w) wrapped around 
anhydrite nodule. Crossed polarizers. 

and fluorite 
5061 feet, 
the 
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Figure 30. Photomicrograph of polkilotoplc anhydrite 
replacing the dolomite matrix in well W 56 at 4987.5 
feet. Crossed polarizers. 
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Figure 31. Photomicrograph of anhydrite replacing a 
pelblopackstone in well EMU 117 at 4923 feet. Note 
"stair-step" outline of anhydrite porphyroblasts. Plain 
light. 
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Figure 32. Photomicrograph of secondary anhydrite cement 
in a tertiary anhydrite mold in well EMU 117 at 4984 
feet. Note mlcritlzed foram in center of micrograph. 
Crossed polarizers. 
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Fleure 33. Photomicrograph of drusy quartz cement within 
a pelecypod shell In well EMU 117 at 4942 feet. Much 
silica also has replaced the matrix. Crossed polarizers. 
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Figure 34. Photomicrograph of mlcroquartz (mq) and 
chalcedony (ch) replacement front within dolomite (d) in 
well W 56 at 4926-27 feet. Note anhydrite (a) replacing 
silica and imposing its morphology on the silica. 
Crossed polarizers. 
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Figure 35. Photomicrograph of pyrlte crystals (p) within 
anhydrite (a) replacement nodule in well MW 25 at 5040 
feet. Crossed polarizers. 
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F i g u r e 36 . Pho tomic rograph of f l u o r i t e ( f ) r e p l a c i n g 
a n h y d r i t e ( a ) i n w e l l EMU 117 a t 4959 f e e t . Crossed 
p o l a r i z e r s . 
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Figure 37. Photomicrograph of compaction fractures in a 
blomold in well W 56 at 5027 feet. Both fractures and 
blomold are filled by anhydrite cement. Crossed 
polarizers. 



CHAPTER IV 

PARAGENESIS 

The paragenetlc sequence of the lower San Andres 

sediments within the study area can be summarized in the 

following general sequence: 

1. Predominately lime mud was deposited in all 

environments by breakdown of calcitlc and aragonitlc 

tests and by decomposition of green algae. Resulting 

aragonitlc needles and condensed masses of pellets formed 

unllthlfied sediments along with odds and bloclasts. 

2. Micritization took place in the marine 

environment creating peloids and mlcritlzed shells (Fig. 

32). 

3. Penecontemporaneous dolomltlzation occurred 

within sabkhas. As sabkha deposits prograded seaward, 

older zones were recharged with progressively lower 

frequencies and gypsum converted to anhydrite. 

4. During progradation, hydrodynamlc discharge of 

dolomitizing fluids ultimately replaced intertldal and 

subtidal sediments. 

Selective dissolution of odds and bloclasts was 

penecontemporaneous with dolomltlzation. 
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Continued flux of dolomitizing fluids caused 

dolomite overgrowth cementation and tiny cement rims 

within blomolds and Intrabiotlc cavities. Complete 

dolomltlzation converted virtually all calcitlc sediment 

to dolomite according to the susceptability of original 

carbonate materials to dolomltlzation. Calcitlc bloclasts 

such as crlnoids were the last allochems to he 

paramorphlcally converted to dolomite. 

5. Eustatic lowering of sea level caused fresh 

water invasion. Fresh water diagenesls dissolved 

anhydrite porphyroblasts creating tertiary molds. Some 

amhydrlte was replaced by gypsum, hemlhydrate, silica, 

and fluorite. 

6. A eustatic rise in sea level submerged the area 

again and during the ensuing stillstands of sea level, 

another cycle of seaward progradation and dolomltlzation 

was Initiated. 

7. A second anhydrltlzation event caused extensive 

cementation and further replacement within the matrix and 

pore spaces. 

8. The second stage of fresh water diagenesls 

produced the same effects as the first. 



CHAPTER V 

POROSITY AND PERMEABILITY 

Porosity relationships within the lower San Andres 

sediments are largely dependent upon deposltlonal setting 

and diagenetic overprinting. Permeability 

characteristics depend upon the type of porosity and its 

trend within the field of study. Primary porosity has 

largely been occluded by cementation but secondary and 

tertiary porosities, owing to diagenetic controls, have 

been preserved and create productive hydrocarbon zones 

within the San Andres Formation. 

Primary Porosity; 

Intrabiotlc cavities within foraminifers and 

ostracods form primary porosity. Primary porosity is 

also formed by intergranular voids in a grainstone. 

Nearly all Intrabiotlc cavities have been filled by 

anhydrite, silica, or dolomite cements. Most 

intergranular porosity has been occluded by dolomite and 

anhydrite cements. Tertiary voids, appearing to be 

intergranular voids, were formed In minor amounts by 

dissolution of anhydrite nodules or porphyroblasts. 
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Secondary Porosity 

Secondary porosity may be formed through neomorphlc 

dolomltlzation, selective dissolution of odds and 

bloclasts, and fracturing. 

Neomorphlc Dolomltlzation 

Neomorphlc dolomltlzation of aragonitlc muds early 

in the diagenetic sequence produced a sucrosic fabric of 

interlocking dolomite rhombs producing intercrystalline 

porosity (Pig. 19). Subsequent flux of a dolomitizing 

fluid may cause epitaxial overgrowth cementation which 

occludes intercrystalline porosity and produces a 

hypldlotoplc to xenotoplc network (Friedman, 1964). This 

compromised euhedral crystal boundaries and formed a 

tight dolostone (Fig. 18). More finely crystalline 

sediments deposited in landward environments are 

subjected to porosity occlusion of this type to a greater 

degree because of greater flux of dolomitizing fluids and 

smaller intercrystalline void spaces to cement. The more 

seaward deposits with larger rhomb size also contain 

overgrowth cement but it does not completely occlude 

porosity, and in some intervals, well developed secondary 

Intercrystalline porosity has been preserved (Fig. 38). 

Sulfate cements also contribute to effective loss of 

Intercrystalline porosity. Where present. 
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intercrystalline porosity, either alone or in conjunction 

with blomolds and anhydrite molds, provides the best 

porosity and permeability combination for hydrocarbon 

production. 

Dissolution of Odds and Bloclasts 

Selective dissolution of odds and bloclasts during 

dolomltlzation causes secondary moldlc porosity. The 

porosity may or may not contribute effectively to the 

permeability depending upon rock type and cementation. 

Much secondary moldlc porosity has been either lined with 

tiny dolomltlc rims or completely filled with dolomite 

cement (Fig. 25). Pores created in this manner were 

later subjected to extensive anhydrite cementation which 

occluded most of the remaining porosity. Chalcedony, 

mlcroquartz, and megaquartz are also found cementing 

secondary voids and contribute to porosity occlusion 

(Fig. 33). Some secondary porosity remains; however, and 

is best preserved in oolitic grainstones in the Maple 

Wilson 25 well (Fig. 39). Isolated secondary blomoldic 

porosity occurs and contributes to overall permeability 

only when found in conjunction with intercrystalline 

porosity. 
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Fracturing 

Vertical fracturing from compaction and 

lithiflcation may form secondary porosity. Although many 

"stop and go" fractures and numerous compaction fractures 

are observed, all have been subsequently filled with 

anhydrite and gypsum cements. Any porosity remaining 

from fracturing originates as tertiary moldlc porosity 

from anhydrite/gypsum dissolution. Fracturing has been 

inferred to have been caused by allochem dissolution and 

incomplete lithiflcation. Diagenetic conversion of 

gypsum to anhydrite or vise versa, may cause a reduction 

or an expansion in volume during replacem.ent; and hence, 

provide another possible origin for the fractures. 

Tertiary Porosity 

Tertiary porosity is formed by the dissolution of 

anhydrite, leaving porphyroblastlc molds with relic 

euhedral outlines. The molds appear as having "stair

step" outlines (Fig. 40). Fresh water diagenesls 

converts anhydrite to gypsum and/or dissolves the 

anhydrite porphyroblasts leaving tertiary voids. 

Tertiary "stair-step" porosity may form from sulfates 

which had previously cemented primary and secondary voids 

or which had replaced dolomite matrices. Anhydrite 

tertiary voids constitute the bulk of the preserved 
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porosity and vary from small interconnected voids to 

large, sparse, moldlc voids which have a somewhat lower 

degree of Interconnection. Tertiary voids produced in 

this fashion commonly are filled by a secondary anhydrite 

cement. The secondary anhydrite event is distinguished 

from the first either by partial cementation of the 

tertiary void (Fig. 32), or by dolomite cements which 

formed within the tertiary voids before the second 

anhydrite invasion (Fig. 24). 

Original dolomltlc rhombs which replaced organic-

rich aragonitlc muds may also form tertiary porosity. 

Dolomite overgrowths on such organic-rich rhombs are less 

vulnerable to anhydrite replacement than the organic rich 

centers. The cores of dolomite rhombs became replaced 

by anhydrite and later dissolved by fresh water 

diagenesls, leaving a hollow "pill box" of clear dolomite 

cement (Fig. 20). This event is rather rare and does not 

play a major role in contributing to porosity and 

permeability in the San Andres of the study area. 
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Porosity Trends 

Porosities range within the studied area from less 

than 1 percent to approximately 16 percent. The majority 

of the cored intervals have very little porosity or 

contain isolated moldlc porosities. Most primary and 

secondary porosity has been occluded by dolomite, 

sulfate, and silica cements. Porosity occlusion by 

anhydrite and dolomite cements for proximal to distal 

relationships is used here in a vertical sense. Since the 

cored wells are along regional strike, porosity occlusion 

can only be inferred along deposltlonal dip of the area. 

Subtidal deposits contain the best preserved 

porosities available for hydrocarbon exploitation. As 

described earlier, the more landward sediments contain a 

more finely crystalline dolomite matrix, and thus less 

preserved intercrystalline porosity than seaward 

sediments. Mid-lagoonal and more distal sediments 

increase in preserved intercrystalline porosities. These 

more distal sediments also contain the best permeability, 

especially when combined with secondary oomolds, 

blomolds, and tertiary anhydrite molds. The easternmost 

well, MW 25, contains an oolite fades containing well 

preserved secondary porosity and indicating a higher 
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energy of deposition than the wells to the west in the 

study area. This well Indicates the area of greatest 

hydrocarbon potential. 

The porosity and permeability relationships are 

strongly influenced by dlagenetlcally emplaced sulfates 

which are ubiquitous throughout the studied core. 

Sulfate replacement and cementation have greatly occluded 

existing porosities in some Intervals and have enhanced 

existing porosities in others where leaching has occurred 

to produce tertiary voids. The best producing intervals, 

therefore, occur within subtidal sediments which have 

well developed intercrystalline porosities, tertiary 

porphyroblast molds, or both. 

In proximal areas (sabkha deposits), sulfate 

replacement and cementation form both lateral and 

vertical seals that entrapped hydrocarbons. 

Intertldal and supratldal sediments contain 

extensive anhydrite replacement. This along with the 

very fine hypidiotopic/xenotoplc dolomite matrix results 

in almost no preserved effective porosity In these 

sediments. 
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Figure 38. Photomicrograph of clear dolomite overgrowth 
cement (OG) partially occluding porosity in well W 56 at 
4963 feet. Note preserved intercrystalline porosity 
(Ix). Plain light. 
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Figure 39. Photomicrograph showing preserved secondary 
oomoldlc porosity in well MW 25 at 4977 feet. Crossed 
polarizers. 
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Figure 40. Photomicrograph of anhydrite moldlc porosity 
in well W 56 at 5033 feet. Anhydrite probably occurred 
as a combination of cement and replacement of grains 
Crossed polarizers. 



CHAPTER VI 

LITHOFACIES AND WELL LOG RESPONSES 

Well logs provide valuable information which may 

help in correlating cored intervals and in deciphering 

lateral changes in deposltlonal and porosity trends. 

Well logs used for this study include Borehole 

Compensated Sonic (BHC Sonic), Gamma Ray, Caliper, 

Sldewall Neutron (SNP), Dual Laterlog (DLL), and 

Formation Density. 

Logging Tools 

Borehole Compensated Sonic Log 

The sonic log measures the amount of time in transit 

between one foot of formation. A compressional sound 

wave is transmitted to a receiver which records the 

travel time in microseconds. Wave velocity is related to 

formation porosity and llthology (Asquith, 1982). 

Helander and Pickett (1977) have shown a linear relation 

between porosity in different rock types and transit 

time. Sonic log values are useful when porosity is 

intergranular or intercrystalline. When porosities 

consist of vugs or fractures, sonic values will appear 

abnormally low because the sonic log reads only matrix 
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porosity. Vuggy or fracture porosity can be inferred by 

subtracting sonic porosity from total porosity, where 

total porosity may be read from density or neutron 

porosity logs. 

Gamma Ray Log 

Gamma ray logs measure natural radioactivity within 

rocks. Generally shales contain higher radioactivity 

than surrounding rocks. This makes the gamma ray log a 

good tool for llthology correlation (Asquith, 1982). 

Care should be taken if hydrocarbons are present because 

they may contain uranium and give anamolous readings 

(Jacka, personal communication 1986). Organic rich 

deposits such as sediments with numerous compaction wisps 

or those containing stromatolites commonly show higher 

gamma ray readings. 

Caliper Log 

The caliper log is a spring loaded arm mechanism 

which measures bore hole diameter. The borehole commonly 

becomes enlarged as it passes through a poorly 

consolidated layer, such as shale. Drilling fluids may 

dissolve soluble zones containing halite and also 

increase bore hole diameter. The caliper log was of very 
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little use In this study because all sediments were well 

llthifJed and no halite and very little shale was 

present. 

?i^j?^i^H__l^^y^rpp Pprps itj Log 
Neutron logs measure the porosity of the formation 

by detecting hydrogen content within pore fluids. 

Neutrons are emitted which collide with protons from 

hydrogen ions within water and/or oil saturated pore 

space (Asquith, 1982). If pore space contains gas 

instead of liquid, a lower porosity will be measured 

because of lack of concentrated hydrogen. This Is known 

as the "gas effect." Neutron porosity measures overall 

porosity and is not dependent upon permeability factors 

as is the sonic log. 

Laterl-og 

The laterlog measures true formation resistivity of 

current flow in bore holes filled with saltwater muds. 

Mud filtrate invasion may affect electric current 

resistivities, but this is generally not a problem as 

long as the mud filtrate resistivity is approximately 

equal to formation water resistivity. This is true when 

saltwater drilling muds are used. Most sedimentary rocks 

are nonconducting. Resistivity is Influenced by 
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formation waters, hydrocarbon content, and porous zones. 

Laterlogs are useful in correlating porosity and 

productive zones. 

Formation Density Lo^ 

The density log measures the electron density within 

the formation. It can be used to (1) identify evaporlte 

minerals, (2) detect gas-bearing zones, (3) determine 

hydrocarbon density, and (4) evaluate shaly sand 

reservoirs and complex llthologles (Schlumberger, 1972). 

Gamma rays are sent into the formation and scatter as 

they collide with electrons. The amount of scattering is 

a direct function of the number of electrons within the 

formation. Density logs were used along with neutron 

porosity and gamma ray logs to make correlations of cored 

intervals and productive zones. 

Llthofacles and Log Responses 

Complex diagenetic overprints have masked 

llthologles, making llthofacles correlations very 

difficult. Five major progradatlonal cycles, however, 

can be differentiated on the basis of a combination of 

core, thin section, and log descriptions. These cycles 

may be correlated with other wells using only log 
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response characteristics. Regional deposltlonal features 

and porosity trends can be traced and evaluated for 

productive zones. 

Three major environments of deposition make up each 

deposltlonal cycle. These Include subtidal, intertldal, 

and supratldal deposits. All three environments contain 

anhydrite and dolostone in varying amounts.. In general, 

subtidal deposits are mostly dolostone with nodules of 

replacement anhydrite. Intertldal deposits contain 

stromatolitic layers mostly replaced with nodular and 

laminar anhydrite and thin, laminar, organic-rich 

dolomltlc layers. Supratldal sabkha deposits 

predominately consist of anhydrite and thin dolomite 

layers. Dolomite matrices increase in rhomb size in 

distal deposits and decrease in proximal sediments. The 

intercrystalline porosity, which is directly related to 

the rhomb size, also increases distally and decreases 

proxlmally. Because of this change in mineral content 

and the change in porosity, relating to the change in 

rhomb size, these three llthofacles leave fairly 

characteristic log responses. 

Supratldal Response 

Anhydrite makes up the bulk of the sediment in the 

supratldal environment. Anhydrite has a relatively high 
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density (2.977 gm/cc) and almost no porosity. It shows 

up on the gamma ray log at about 5 API units, the sonic 

log at 50 microseconds/ft, and on the neutron log at -1.0 

percent porosity. These values will be higher for gamma 

ray and neutron logs when interbedded with dolomite 

"chickenwires." Transit time will slightly decrease with 

the dolomite inclusions. Dolomite percent increases 

downward toward intertldal sediments until a definite log 

response is lost. The large Jump in log response, due to 

the presence of almost pure anhydrite represents the 

capping of a deposltlonal cycle. 

Intertldal Response 

The intertldal sediments are composed of both 

laminar and nodular anhydrite interbedded with fine 

dolomite layers. The log response is transitional 

between subtidal and supratldal responses and is highly 

variable depending upon anhydrite and dolomite 

percentages. Exact intertldal determinations could not 

be m.ade, although higher gamma ray readings are noted due 

to the organic nature of stromatolitic layers. The same 

may hold true for subtidal sediments with compaction 

wisps; however, and definite boundaries can only be 

Inferred. 
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Subtidal Response 

Subtidal sediments are composed of massive, brown 

dolostone with varying amounts of nodular anhydrite. In 

places, nodules of anhydrite have coelesced and formed 

anhydrite mosaics. Subfacies within the subtidal 

deposits determine the type of rock present, and 

subsequent porosity and log response characteristics. 

Individual subfacies cannot be separated strictly by log 

responses. For example, a pelblopackstone (subfacies I) 

will be more organic rich and have less intercrystalline 

porosity due to the micritic size of the dolomite 

replacing the peloids. This type of rock will have a 

higher gamma ray reading, a lower porosity reading, a 

higher density reading, and a higher sonic reading. 

Along with diagenetic overprints, subfacies vary in 

thickness and lateral extent making regional correlations 

Impossible. In general, gamma ray responses range from 

10 to 68 API units, sonic from 49 to 66 microseconds/ft, 

neutron porosities from 3.0 to 14.0 percent, and density 

from 2.53 to 2.80 gm/cc. 

Regional Interpretations 

The major cycles recorded within cored intervals 

were plotted at depth showing relative thickness and 

relative water depth of deposition for the four studied 

wells (Fig. 41). A stratigraphlc cross section was 
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prepared using logs from the four cored wells. The top of 

the San Andres Formation was used as a datum (Fig. 42, in 

pocket). The four major deposltlonal cycles were 

correlated using log response, thin section, and core 

descriptions. Prom the cross section it is apparent that 

all four cycles thicken and dip to the east. Using the 

top of the San Andres as a reference point, a structural 

map was prepared with all available well log data (Fig. 

5). This map indicates a regional dip of approximately 

0.4 degrees to the south/southwest. 

These figures show sh^ that there may have been a 

paleochannel that connected the Midland Basin and the 

Palo-Duro/Tucumcari Basin. This channel caused 

sedimentation thickening throughout Permian time and 

provided abundant local water circulation. The large 

amount of oolitic fades in the MW 25 well also indicates 

its position within the channel. The dolomite rhomb size 

also increases to the east as well as vertically downward 

toward the distal deposits. Dolomltlc fluids probably 

discharged laterally toward the channel and the Midland 

Basin simultaneously. 

Cored intervals are not the same in all four wells 

but when plotted on the stratigraphlc cross section, 

correlations can be made. Cores in EMU 117 and KU 1124 

penetrate the upper four cycles while W 56 penetrates the 
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middle three, and MW 25 penetrates only the two basal 

cycles. The lower three cycles contain relatively thick 

sequences of subtidal deposits and are overlain by two 

thin cycles. The lower three cycles contain much thicker 

subtidal sequences than the upper two cycles (Pig. 41). 

This could be explained by the following: 

1. These cycles record progradation into relatively deep 

water as compared to the upper two cycles. 

2. These represent composite cycles in which several 

subtidal sequences were superimposed because 

Intertldal and supratldal fades did not prograde 

into the areas. 

3. These represent two or more erosionally truncated 

cycles separated by disconformities. 

No evidence of disconformlty was found in these subtidal 

intervals. Either hypothesis number one, number two, or 

a combination would seem to afford the most plausible 

explanation. 

Major perforated zones occur in the second and third 

thick cycles within subtidal sediments. Porosities and 

permeabilities increase in the subtidal deposits and 

increase toward the channel. 
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Fleure 41. The major cycles recorded within the cored 
intervals and their relative thickness and depth of 
deposition for each of the studied wells. 



CHAPTER VII 

CONCLUSIONS 

1. The lower San Andres deposits of the study area are 

cyclic in nature consisting of alternating sequences 

of subtidal, intertldal, and supratldal fades. 

Although cored Intervals differ in the four wells, 

four deposltlonal cycles may be correlated in log 

cross sections. The cycles record progradation during 

stillstands of sea level that followed transgressions 

(Jacka and Franco, 1975). 

2. The lower three cycles contain much thicker subtidal 

sediments than the upper two cycles. These cycles 

may record progradation into relatively deeper water 

as compared to the upper two cycles. They also could 

represent composite cycles in which several subtidal 

sequences were superimposed because intertldal and 

supratldal deposits did not prograde into the area. 

3. Regional dip on top of the San Andres Formation is 

approximately 0.4 degrees to the south/southwest. 

The four deposltlonal cycles thicken to the east 
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Indicating a paleochannel connecting the Midland 

Basin with the Tucumcarl-Palo Dure Basin. 

4. Supratldal sediments consist of massive anhydrite 

mosaics, laminar anhydrite, and thin, fine-grained 

dolomite laminations. Intertldal deposits contain 

dolomltlc stromatolites, anhydrite stromatolite 

replacements, and nodular anhydrite replacements. 

Subtidal deposits are mostly massive brown dolostones 

with nodular anhydrite and nodules of silica. 

5. Subtidal deposits may be divided into four subfacies 

depending upon rock type and the energy in which each 

was deposited. These include: 

(I) pelblowackestone/packstones, 

(II) pelblograpewackestone/packstones, 

(III) biointraoopelpackstone/grainstones, and 

(IV) oobiointrapelpackstone/grainstones. 

6. Obliteration of original textures by dolomltlzation 

has caused some rock types to be misinterpreted as 

mudstones and wackestones, when in fact 

autofluorescence microscopy has revealed many of 

these sediments to be peloid packstones and 

grainstones. 
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7. Multiple episodes of diagenesls affected sediments 

both penecontemporaneously and postdepositionaUy. 

Micritization was followed by dolomltlzation, 

anhydrltlzation, and fresh water diagenesls. 

Cementation was concurrent with diagenetic reactions. 

8. Primary, secondary, and tertiary porosities are 

recorded with the San Andres. Most of the primary 

porosity has been occluded. Secondary and tertiary 

porosities comprise the majority of preserved 

porosity. Intercrystalline and anhydrite moldlc 

porosities are the most abundant types. 

9. Subtidal dolostones contain the greatest porosities 

and permeabilities. Intercrystalline, fracture, and 

moldlc porosities are common in subtidal deposits 

while fracture and moldlc porosities are prevalent In 

supratldal and intertldal sediments. 

10. Porosity and permeability generally increase In the 

distal (seaward) direction (SW) and towards the east 

(into a paleochannel). This trend is owing to rhomb 

size differences and replacement fluid 

concentrations. 
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11. Dolomite fluids discharged both seaward and toward 

the channel. This may explain the Increase in 

dolomite rhomb size and increase in intercrystalline 

porosity toward the east and in the seaward 

direction. 
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