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KEY TO PHOTOMICROGRAPHS AND ILLUSTRATIONS 

Photomicrographs taken under crossed polarizers are 

indicated by an X; those taken in plane-transmitted light 

are specified by a P at the end of the caption. The scale of 

each micrograph is indicated by the smallest division of the 

grid, d. One micron, JQ, is equal to 0.001 mm. 



CHAPTER I 

INTRODUCTION 

The Spraberry Trend was once known as the largest 

uneconomic oil field in the world. The first well was 

drilled in 1948; since then several hundred million barrels 

of oil have been produced (estimate 8.9 billion bbl original 

oil in place). Until now, little geology has been studied in 

the area of sedimentation and diagenesis. 

Objectives 

The following objectives are pursued in this study: 

1. Establish framework of lithofacies and depositional 

environments within the Spraberry and Dean formations of the 

Permian Midland Basin. 

2. Interpret depositional environments from analysis of 

primary sedimentary structures. 

3. Interpret the sequence of diagenetic events that 

affect porosity and permeability of the Spraberry and Dean 

reservoirs. 

4. Construct the depositional-diagenetic relationship 

useful for predicting trends of porosity favorable for the 

entrapment of hydrocarbon. 



Location 

The Spraberry Trend field is distributed throughout the 

central portion of the Midland Basin. The trend extends 

north and south 150 miles parallel to the Midland Basin axis 

and attains a maximum width of nearly 75 miles; it covers 

approximately 2500 square miles in eight west Texas counties 

(Fig. 1). 

Cores used in this study are from two wells drilled in 

Reagan county in the southern part of the Midland Basin. 

The two wells are located approximately 20 miles apart. One 

core was taken from the Nannie C. Parrish #7 well, located 

in section 2, M. N. Hines. The second core was taken from 

the Lattie Jalonick #2-A well, located in section 40, block 

B, L. & S. V. RR. Both wells are located close to the 

southeastern part of the Spraberry Trend field (Fig. 2). 

Method of Study 

Slabbed and unslabbed core samples from two wells were 

examined megascopically for lithofacies, sedimentary 

structures, and depositional environments. Slabs also were 

photographed to illustrate the significant features and 

relationships. Samples from representative intervals were 

chosen to prepare thin sections. Eighty-eight thin sections 

were made and analyzed with a petrographic microscope. All 
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Figure 1: Regional geologic setting of Permian Basin of west 
Texas and southwest New Mexico (modified after 
Silver and Todd, 1969). 
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thin sections were stained with a combination of alizarin 

red-s and potassium ferricyanide 'to differentiate calcite, 

dolomite, ferroan calcite and ferroan dolomite from each 

other. Lithology, texture, porosity and diagenetic 

relationships were described from each slide. Several 

slides were point counted for measuring the relative 

proportions of framework grains and detrital matrix. 

Photomicrographs from selected slides were taken to 

illustrate significant relationships. 

A small quantity of reservoir sample chips were mounted 

on the aluminum studs and coated with a thin dusting of 

gold. Each sample was then placed in the SEM (Scanning 

Electron Microscope) and scanned. Diagenetic minerals, which 

were precipitated in the pores, were photographed at varying 

magnifications. Mechanical well logs were used for gross 

stratigraphic and lithological correlations. 



CHAPTER II 

GEOLOGICAL UNDERSTANDING 

Previous Studies 

McLennan and Bradley (1951) and Schmitt (1954) studied 

the distribution and age of the Spraberry and Dean 

sandstone. They postulated a northern or northwestern source 

for these sands. Warn and Sidwell (1953) argued about the 

source saying it was derived from southern borderlands. 

Bartly (1951) and Warn and others (1952) stated that 

part of the Spraberry production was from anticlinal 

structures in the southern part of the trend or was caused 

by the updip pinchouts and facies changes along the east 

monoclinal trend. In 1953, Wilkingson studied the 

fracturing in Spraberry reservoirs. He indicated that 

fractures served as "feeder lines" to conduct the oil to the 

bore hole. 

Silver and Todd (1969) and Mazzullo (1982) studied the 

stratigraphy and depositional environments of the Permian 

cyclic strata in the northern Midland and Delaware Basins. 

They group the strata into five major lithofacies and 

depositional patterns which were caused by eustatic 

sea-level changes during Permian time. 



In 1981, Handford developed a depositional model to 

illustrate the mechanisms for deposition of each lithofacies 

of the Spraberry and Dean formations. He considered that 

carbonate facies occurred in the form of thin bedded 

turbidites, slump, and debris flow deposits, while 

terrigenous clastic facies was deposited from turbidity 

currents, long-lived saline density underflow, and interflow 

currents. 

Regional Geology 

Several major geologic provinces are adjacent to the 

Permian intracratonic Midland Basin (Fig. 1): the east side' 

is bounded by the Eastern Shelf; directly north of the 

basin, there is a very narrow Northern Platform margin; 

farther north, the Matador Arch separates the Palo Duro 

Basin from the Midland Basin. West of the Northern Platform 

is the Northwestern Shelf which is bounded by the Pedernal 

Uplift farther west. On the west side, the Central Basin 

Platform separates the Midland Basin from the Delaware 

Basin. Those two basins were connected by the Hobbs Channel 

on the north and the Sheffield Channel on the south. On the 

south side, a positive area, the Ozona Uplift, separates the 

Midland Basin from the Val Verde Basin. Farther south, the 

Southern Shelf margin of the Marathon-Ouachita Folded Belt 

which extends to the east and northeast of Texas. 
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Local Stratigraphy 

Local stratigraphy shows that the Spraberry and Dean 

formations can be divided into three genetic stratigraphic 

sequences. They are called the Dean, the Lower Spraberry, 

and the Upper Spraberry. Each one has a lower unit, 

consisting of dark shales and carbonates overlain by an 

equally thick sequence of very fine grained sandstones and 

siltstones (Fig. 3). The lower shale-carbonate units 

comprise the deep water facies. The fine-grained 

terrigenous clastic facies are basinal equivalents of the 

red mudstone, siltstone and sandy dolomites (Tubb, upper 

Clear Fork and Glorieta formations) of the Northern 

Platform, Northwestern Shelf and Eastern Shelf areas 

(Handford, 1981). 

A generalized scheme of Wolfcampian and Leonardian 

stratigraphy in the northern Midland Basin was summarized by 

McLennan and Bradley (1951) and was modified by Silver and 

Todd (1969) and Jeary (1978). A lithostratigraphic framework 

for Texas and New Mexico was made to incorporate these 

studies (Fig. 4). McLennan and Bradley (1951) reported that 

Wolfcampian fusilinids have been found in the limestone 

between the Spraberry and Dean sandstone and concluded that 

the age of the Spraberry sandstone is early Leonardian and 

the Dean is late Wolfcampian. Based on systematic 
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integration of biostratigraphic data (fusilinid) with 

physical stratigraphic data. Silver and Todd (1969) believed 

that the Dean sand is of Early Leonardian age and should 

correlate to the Third Bone Spring sand in the Delaware 

Basin and the Abo-Wichita on the Northern Platform, 

respectively. They also correlated the lower Spraberry sand 

with the Second Bone Spring sand and Tubb sand, the upper 

Spraberry sand with the First Bone Spring sand and middle 

Clear Fork Formation. By detailed subsurface stratigraphic 

study, Jeary (1978) modified the previous issues and 

postulated that the Dean Sandstone is equivalent to both the 

lower Clear Fork Formation and the overlying Tubb Sandstone, 

and the lower and upper Spraberry members are equivalent to 

the upper Clear Fork Formation and the overlying Glorieta 

Sandstone, respectively. This conclusion was confirmed by 

later studies (Handford, 1981; Massullo, 1982) in the 

Midland Basin. 



CHAPTER III 

SEDIMENTATION 

M \ 
'Walter's Law of the Correlation of Facies states that 

the facies and facies-areas can be superimposed primarily 

only if they were deposited adjacent to each other as 

lateral facies. Based on this principle, a vertical 

sequence of changing rock types is caused by the spatial 

shifting of the sedimentary environments. This shift can be 

accomplished by tectonic activity, eustatic changes of sea 

level, and continuous subsidence of the basin. 

Recent models reveal that two types of sediment are 

deposited in deep-sea basins and oceans: (1) pelagic 

sediments containing mainly fine terrigenous clastic and 

carbonate material and planktonic organisms deposited by 

suspension settling, and (2) coarse clastic and mud carried 

through submarine canyons and deposited as deep-sea fan and 

fringe deposits by different types of gravity flows (Jacka 

and others, 1968). 

Two cores were examined in lithological study. One from 

the Parrish #7 well contained 117 feet of the upper 

Spraberry member, 219 feet of the lower Spraberry member and 

187 feet of the Dean formation, the depth ranges from 5445 

to 7020 feet. The second core taken from the Jalonick #2-A 

12 
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well contained 200 feet of Dean formation, the depth ranges 

from 7830 to 8030 feet. 

Sediment Economics 

Leonardian formations are characterized by large scale 

cyclic strata caused by cyclic changes in sea level and 

continuous subsidence of the basin. Four complete cycles of 

carbonate and clastic beds are correlatable in the Midland 

Basin both on the shelf and in the basin (Silver and Todd, 

1969). 

From study of Guadalupian sediments of the Delaware 

Basin and Northwest Shelf, Jacka and others (1968) and Jacka 

(1979) postulated that during high stands of sea level 

(deglaciation stage), shelf-margin reefs or banks formed and 

prograded seaward. A very broad shelf lagoon existed with a 

large volume of carbonate deposited and little clastic 

sediments reaching the outer shelf area. Submarine fan and 

fringe deposits slowly receded toward canyon mouths, smaller 

carbonate fans prograded into the basin locally. During low 

stands of sea level (glaciation), the shelves were exposed 

subaerially and land derived well-sorted clean eolian sands 

were transported across the shelves and delivered to 

submarine canyon heads. Finally, large accumulations of 

sediments flowed into the basin through the submarine 

canyons as mass flows and turbulent flows. 
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Net clastic isopach maps of the Spraberry and Dean 

formations were constructed by Handford in 1981 (Fig. 5). 

Sandstone which trends in a north-south direction in the 

Midland Basin along with northward coarsening of sand grains 

in the Spraberry sandstone (Schmit, 1954) indicate a source 

from the north. 

Lithofacies 

Two major lithofacies have been recognized in this 

study; they are terrigenous elastics and carbonates. The 

terrigenous clastic lithofacies can be further divided into 

five sublithofacies: (1) massive sandstone and siltstone, 

(2) cross bedded to parallel laminated siltstone, (3) 

laminated siltstone, (4) bioturbated shaly siltstone, and 

(5) shale. The carbonates lithofacies, predominantly 

present in the lower Spraberry member and Dean formation, 

are: (1) silty dolomitic wackestone, and (2) fossiliferous 

packstone to wackestone. 

Massive Sandstone and Siltstone 

A small amount of sandstone and siltstone display only 

faint parallel lamination or massive character (Fig. 6). 

Both types of structure are present in one sequence, either 

alone or grading into each other. They have a sharp boundry 
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Figure 6: Massive sandy siltstone lithofacies. (A) Core slab 
photo illustrates massive character, (3) 
Microphoto shows siltstone contains well-sorted 
very fine sand and silt with abundant dolomite 
cements (dark brown). d=40 u, P. 
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on the bottom, and the contacts appear to be scoured 

locally. These beds range in thickness from 1 foot to 7 

feet. 

Massive deposits in the Spraberry and Dean formations 

consist of very fine sand to very coarse silt grains (Fig. 

6). Grains are subangular to subrounded, and cemented by a 

post-depositional diagenetic framework (Table 1). 

Polycrystalline quartz grains are very rare, chert appears 

in trace quantity probably derived from silica-replaced 

fossils or other formations. Feldspar is present in most 

thin sections and comprises 5 to 23 percent of all grains. 

Potassium feldspar is the predominant feldspar in this 

lithofacies. The feldspar grains generally appear fresh, but 

some grains show different degrees of alteration. Most of 

lithic grains are volcanic rock fragments ranging from 2 to 

4 percent. Accessory minerals include zircon and muscovite. 

Clay matrix deposited within this clean, well sorted 

subarkose sandstone-siltstone is very rare. Dolomite cement 

ranges up to 38 percent in volume. 

Cross Bedded to Parallel Lam.inated 

Siltstone 

This siltstone contains sedimentary structures 

deposited by turbidity currents. No one bed contains the 
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complete Bouma sequence and repetition appears frequently 

(Fig. 7). The thickness of these beds are 2 to 6 inches in 

general, but they may attain thickness of 2 feet. 

The bottoms of these beds are scoured into the 

underlying finer beds and load casts are common. Fining 

upward sequences associated with load waves and pockets or 

convoluted structures, which grade into finer beds, are 

sometimes deformed by bioturbations. 

Many clay wisps, squashed clay grains, and fossil 

fragments are disseminated in this lithofacies. Much 

. . . ' • ^ 

authigenic dolomite and microquatz were precipitated in the 

pores. 

Laminated Siltstone 

Laminated siltstones range from less than 1 to 10 feet 

in thickness. Laminae are varvelike couplets of silt and 

very fine grained sand separated by dark, organic-rich clay 

layers (Fig. 8). Silt laminae range from less than 1 to 4 mm 

in thickness. Grain size of the sediments in thicker laminae 

is slightly coarser than those in thinner laminae. Thick 

laminations generally grade upward into thin laminations, 

but reversal of this sequence also occurs. 

Microscopic examination of the thin dark laminae 

separating laminated siltstones reveals that these laminae 
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Figure 7 Cross bedded to parallel laminated siltstone 
lithofacies. (A) Classical graded, massive sand 
grades upward into cross bedded to parallel 
laminated silt and shale. (B) Microphoto shows 
poorly sorted texture. d=40 u, P. 
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Figure 8: Laminated siltstone lithofacies. (A) Varvelike 
laminae, (B) Microphoto shows varvelike laminae 
are composed of couplets of silt and organic-rich 
clay layer. d=40 u, P. 
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contain large amounts of organic matter, pyrite and clay. 

Mineralogically, the laminated siltstones are similar to the 

massive siltstone. Dark organic laminae frequently appear 

discontinuous displaying "dish-like" structures of water 

escape phenomena. The amount of pyrite increases in the 

proportion with the amount of detrital clay. A small amount 

of siliceous spherical grains in this lithofacies were 

radiolarias or silicified calcispheres. 

Bioturbated Shaly Siltstone 

Bioturbated shaly siltstones are distinguished from 

laminated sequences on the basis of bioturbations which 

occurred after deposition. In the Spraberry and Dean 

formations, bioturbation structures are very common 

throughout the sections; episodic bioturbations are present 

in finer shaly beds while continuous bioturbations are 

present in coarse silty formations (Fig. 9). 

In thin section, reworking of sediments by organisms 

cause the trace fossil areas to be coarser in grain size, 

containing less detrital clay and less organic material than 

the surrounding area (Fig. 9). 



Figure 9: Bioturbated shaly siltstone lithofacies. (A) 
Bioturbations destroyed original sedimentary 
structures. (B) Microphoto shows burrowed area 
contains coarser grains and lesser clay. d = 40 ju, 
P. 
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Shale 

Shale is the predominant sediment in the two formations 

with layers ranging from less than 1/8 inch to over 16 feet 

in thickness. There are two types of shale in both 

formations: the first is thick dark brown homogeneous beds 

frequentely grading downward into the bioturbated siltstone. 

The second is thin dark gray layers on top of cross to 

parallel laminations with abundant fissilities. 

Occasionally a brachiopod fragment is found along the 

bedding plane when the shale is split apart (Fig. 10). 

Silty Dolomitic Wackestone 

Silty dolomitic wackestone occurred in both formations 

as laminae or beds ranging from 1 inch to 3 feet thick which 

are intercalated with siltstone or shale. They have gradual 

contacts with either upper or lower bedding, and they appear 

massive or show some degree of parallel lamination. 

Fractures are very common in this lithofacies; generally, 

they range from less than 1 inch to 3 inches. Fractures in 

this lithofacies were filled by calcite cements (Fig. 11). 

The silty dolomitic wackestone might have been deposited by 

(1) suspenstion settling of pelagic carbonate mud and 

faunas, and (2) low-density turbidity currents. The amount 

of silt in this lithofacies is variable, ranging from 10 to 
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Figure 10: Shale lithofacies. (A) Sometimes shell fragments 
are present in this bed. (B) Microphoto indicates 
that shale contains an abundance silt grains and 
organic materials. d=40 u, P. 
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Figure 11: Silty dolomitic wackestone lithofacies. (A) 
Fractures are common and were filled by calcite 
cement. (B) Silts and dolomite-replaced 
calcispheres (white spots) are disseminated 
within the dolomitized lime mud. d=40 u, P. 
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50 percent and grading into dolomitic siltstone. Original 

lime mud has been dolomitized. A few spherical grains 

appearing within the lime mud probably were neomorphically 

replaced calcispheres (Fig. 11). Argillaceous materials are 

sparsely represented. Mica flakes may be disseminated 

within the sediments. Traces of oil stain remain as reddish 

brown opaque residues disseminated within the lime mud. 

Fossiliferous Packstone to 
Wackestone 

Fossiliferous carbonates, which often exhibit graded, 

cross- and parallel lamination structures, were sometimes 

silicified or dolomitized (Fig. 12). The contact on the 

bottom is usually irregular with some scour structures, 

while the upper boundary is sharp or gradational into silty 

wackestone. This lithofacies generally does not contain 

thick beds, and the thickness ranges from 1 inch to 1 feet. 

The rock is composed of abundantly fossils along with ooids, 

peloids, silt, and very fine grained sand. Each bed has 

incomplete Bouma sequences which indicate that these 

sediments were deposited by turbidity currents in carbonate 

submarine fans during the recessional stage of clastic 

sedimentation. The fossils observed include echinoid 

fragments, crinoid columnals, calcareous algae, sponge 
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Figure 12: Fossi1iferous packstone to wackestone 
lithofacies. (A) Classical graded beds grades 
upward into massive beds. (B) Microphoto shows 
calcitic shell fragments were replaced by 
dolomite partially. d=40 u, P. 
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spicules, brachipods, molluscas, braozoans, and 

foraminiferas, most of which are of shallow water origin. 

Some of the fossils are well preserved while others were 

subject to micritization, submarine or fresh water 

diagenesis. Micritization and submarine cementation occured 

in the shallow marine environment before transportation into 

the deep basin. Some of the fossil fragments have been 

replaced partially by dolomite or silica. Lime mud matrix 

present in some packstone to wackestone was replaced by 

microcrystalline dolomite. 

Sedimentary Structures 

Bouma Sequence 

Bouma (1962) made a comprehensive study of sedimentary 

structures in Alpine flysh deposits and developed a 

turbidite facies model, known as Bouma sequences. He 

isolated five primary successions which he designated as T]_ 

(complete sequence) through ̂ T5 and a number of partially 

eroded or truncated sequences (Fig. 13). 

An ideal complete turbidite sequence (T^) is made up of 

five intervals upward from the base: (A) graded to massive 

interval, (B) lower interval of parallel lamination, (C) 

interval of current ripple lamination, (D) upper interval of 

parallel lamination, and (E) peletic interval. According to 
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Bouma, this complete sequence has been found only in the 

initial thicker flysh deposit of large turbidity currents. 

Current velosity and grain size decrease in the current 

direction, thus, near the source all intervals are 

represented as sequence type T^-e (Ti), whereas in the down 

current direction successive lower intervals are missing as 

sequence types Tb-e (^2), Tc-e (T3), T^-e (T4), and Tg (T5). 

Removal of the upper interval by erosion before the next 

sequence was deposited produced sequences where in top or 

both top and bottom intervals are missing. The overbank and 

levee deposits flanking the channels, as well as deposits on 

the distal or fringe areas may contain the same successions--

of sequence types. In plan view, the deposit of a large 

turbidity current was inferred to constitute a deposition 

cone (Fig. 13), with the sequence types Ti_5 showing a 

concentric arrangement within the cone. 

Incomplete Bouma sequences of sedimentary structure are 

recognized in the Spraberry and Dean formations deposited in 

the submarine fan of the Midland Basin (Fig. 14). 

Massive Interval 

In the Spraberry and Dean formations, massive beds 

(Fig. 6) were deposited from turbidity currents in 

submarine channels. Some of these massive beds might have 
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Figure 14: Idealized plan view of deep sea fan illustrating 
environmental framework (after Jacka, 1968). 
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been deposited by fluidized- or grain flows (Lowe, 1975). 

Massive beds are present in both sandy siltstone and 

carbonate. Classical graded bedding in this interval is 

present mainly in carbonate intervals (Fig. 15). The 

scarcity of clay matrix in sandy siltstones probably 

indicates that very little clay was available for transport 

with the well-sorted sand and silt. Massive intervals may 

contain a sharp lower contact, a sharp upper contact, or it 

may grade into parallel lamination (Fig. 15). 

Lower Interval of Parallel 
Laminat ion 

The plane-parallel laminae may reflect deposition from 

turbidity currents mainly in the submarine channels during a 

plane bed or smooth phase of tractional transport. This 

structure is predominantly present in sandy siltstone (Fig. 

15) . 

Interval of Current Ripple 
Laminat ion 

This interval consists of current ripple cross 

laminated sets which range in thickness from 1/8 inch to 1/2 

inch in siltstones and from 1/2 inch to 2 inches in 

carbonates (Fig. 7, 16). Convolute laminations may be 

present in this interval. Both current ripple and convolute 
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Fiqure 15: Massive interval and lower interval of parallel 
lamination. (A) Massive beds grading into plane 
parallel laminations. (B) Classical graded 
bedding is predominantly present in massive 
carbonate interval. 



35 

rw 

9n 

^ ^^:'^^~y^Aj>^Li:z': *̂?% 

B 

Figure 16: Interval of current ripple lamination. (A) The 
current ripple laminations are followed by 
parallel laminations and grading upward into 
peletic intervals. (B) Convolute laminations are 
commonly present in this interval. 
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laminations were the results of the transportation and 

deposition of turbidity currents by traction or traction 

plus fallout. Current ripple laminations could be present 

in channels, levees, overbanks and fringe area deposits. 

Upper Interval of Parallel 
Laminat ion 

Distinct parallel laminations characterize this 

interval. Parallel laminations overlying current ripple 

laminations usually show an upward increase in clay content 

and organic-rich sediments (Fig. 17). Some parallel 

laminated intervals showing fining upward sequences are 

commonly associated with load waves and pockets structures. 

Parallel laminations in this interval were deposited by 

dilute turbidity currents which might be originated from the 

overflow of denser turbidity currents in distributary 

channels, or from currents flowing to more distal areas of 

the submarine fan. Laminated clays are caused by suspension 

settling from surface waters. 

Peletic Interval 

This interval of fine grain sediments does not show any 

distinct sedimentary structure (Fig. 16, 17). A shaly layer 

is composed of fine suspensoids which settled out after the 
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Figure 17 T h i s Upper interval of parallel lamination. (A) 
parallel laminated interval shows fining upward 
sequence and grades into peletic interval. (3) 
Parallel laminated micrograded bedding associated 
with flame structures ancd fractures. 
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passage of a turbidity current flow. Hemipelagic materials 

may be found in some intervals. The contact with lower 

interval is gradational, while the upper contact might 

gradational or truncated by the following flow. 

In the Spraberry and Dean formations Bouma sequences 

characterized all the turbidity current deposits (Fig. 18). 

Submarine channels were represented by truncated Bouma 

sequences. Base cutout Bouma sequences characterized levee, 

overbank, and fringe deposits, which may also characterize 

some distal channel deposits. 

Graded Bedding 

Graded bedding is formed as the result of deposition of 

sediments from a gradually wanning current. It is commonly 

found in turbidity current deposits and fluvial deposits 

(Kuenen, 1953). 

Two types of graded bedding postulated by Jacka and 

others (1968) were found in clastic and carbonate 

lithofacies in this study: (a) Classical graded bedding 

consists of larger sand or carbonate grains plus matrix at 

the base grading upward to smaller grains plus matrix at the 

top. Lower portions of such graded beds display poorly J 

sorting in each horizontal interval (Fig. 7, 15, 17). (b) 

Little or no matrix but upward decrease in grain size and 



39 

Largely Restricted to Channels 
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shale 
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Commonly Found in Overbank and Fringe Deposits 
Also May Be Present in Channels 

"7777 

Figure 18: Bouma sequences characterize channels, overbank 
and fringe deposits (modify from Jacka, 1968). 
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good sorting in each horizontal interval. Varvelike 

laminations consist of parallel laminated silts and clays 

(Fig. 8). Silt laminae seem to have been deposited by 

dilute turbidity currents as grading can be seen in the 

laminae with coarser grains concentrated near the bottom, 

which are separated by thin concentrations of detrital clay 

matrix and organic-rich clay laminae at the top. 

Convolute Lamination 

Convolute laminations are present in siltstone. In 

this study, this structure shows small folding of a primary 

parallel or ripple lamina (Fig. 16). Convolute lamination is 

generally well developed in noncohesive fine sand or silt. 

Jacka and others (1968) considered this structure records 

syndepositional hydroplastic deformation of current ripples 

concurrent with ripple migration and sediment fallout. 

Middleton and Hampton (1973) considered partial liquefaction 

of very fine to fine sand to be the cause of genesis of 

convolute bedding in the turbidity deposits, and 

liquefaction can take place at several intervals during the 

deposition of the sediments. 
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Load Structures 

Several types of load structures are present along the 

bases of some sandy siltstone and carbonate beds (Fig. 19). 

Most of the load structures are formed as pockets protrude 

downward into the underlying finer sediments. Occasionally, 

they become detached completely from the original bed. 

The most common load structure in the two formations is 

load waves and pockets or flame structures. These show 

oriented curved, pointed tongues of mud projecting upward 

into an overlying coarser layer while pockets of coarser 

material extend down into the shale (Fig. 19). These 

structures are the result of deposition of sand or silt 

layer over a hydroplastic mud layer. The unequal loading 

causes the mud layer to move upward into the overlying sand 

or silt layer (Sullwold, 1959). 

Fluid Escape Structures 

Lowe (1975) suggested that seepage, liquefaction and 

fluidization are the three processes of water escape, which 

formed structures in loose, uncosolidated sediments to 

produce a more tightly packed, grain supported framework. 

There are two types of water-escape structures (Fig. 

20). The first one appears in the varvelike laminated 

siltstone. This structure penetrates original organic rich 
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Figure 19: Load structures. (A) Pockets protrude downward 
into the underlying finer beds. (B) Flame 
structures show load waves of mud and pockets of 
si Its. 
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Figure 20: Fluid escape structures. (A) Dark water-escape 
conduits separate original varvelike laminae into 
dish-like structures. (B) Large and small pillars 
(light color) penetrate the sediments vertically. 
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laminae separating the laminae into small isolated 

"dish-like" structures with darker sediments along 

water-escape conduits. The second type of structure is 

present in massive to faintly parallel laminated siltstones. 

Light-colored fluidization channels range from less than 1/8 

inch to several inches penetrating upward vertically. These 

"pillars" cut through the original faint structures without 

distortion of the adjacent laminations. 

Bioturbation Structures 

Organic activity depends mainly on the oxygen content 
f I 

of water, the availability of nutriments, and the conditions 

of sedimentation (Seilacher, 1978)\ Trace fossil 

communities observed in the Spraberry and Dean formations 

are sediment-feeders, grazers, farmers, and churners which 

made the whole sediment churned completely or episodically 

(Fig. 21). Some of these ichnocoenoses present meandering 

characteristics on the bedding surface; the others some show 

inclined to horizontal spreites structures. 

Those burrows can be grouped into Zoophycos and 

Nereites ichnofacies which indicate slope and basin 

environments (Seilacher, 1978). Zoophycus ichnofacies 

consists of Zoophycus sp.; Nereites ichnofacies consists of 

Helminthoida sp. and Scalarituba sp. are restricted to deep 
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Figure 21 Bioturbation structures. (A) Episodic 
bioturbations Teichicnus sp. in dark brown shaie. 
(B) Zoophycus sp. reworked the sediments 
intens ively. 
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basinal facies. Chondrites sp. and Teichichnus sp. 'may be 

found in both deep or shallow environments. 

Secondary Structures 

Some structures present in the Spraberry and Dean 

formations are not of sedimentary origin and can be 

considered as secondary structures. 

Phosphate Nodules 

A distinguishing diagenetic structure in the varvelike 

laminated shaly siltstone is phosphate nodules (Fig. 22). 

Laminations bend around the nodules and penetrate through 

the nodules suggesting early diagenetic, syn-depositional to 

precompaction growth. 

Fractures 

Fractures play a spetacular role in either exploration 

and development in Spraberry and Dean formations (Wilkinson, 

1953). They are found in the cross to parallel laminated 

siltstone and the silty dolomitic wackestone (Fig. 11, 17). 

Fractures range from several inches to 3 feet in length. 

Most fractures are vertical, some are oblique and 

horizontal. If these fractures are present in carbonate, 

they are filled by calcite cement. 



48 

B 

Figure 22 Phosphate nodules in shaly laminated siltstone. 
(A) Laminations bend around and penetrate through 
the nodule indicates diagenetic growth of the 
nodule. (B) Thin section shows the nodule is 
composed of phosphate mineral, d-100 u, P. 



49 

Depositional Processes and Sequences 

Submarine fans of the Spraberry and Dean formations 

consist of channel, levee, and overbank deposits accumulated 

in proximal, middle, and distal fans, and a sheet-like 

fringe deposits coverd/the area beyond the distal fan (Fig. 

14). Distal fan and fringe deposits are recognized in this 

study by thinner channel deposits, thicker varvelike 

lamination and shale units. 

Dean Formation 

The Dean formation is present in both cores; it appears 

to have the same lithology with slight facies changes. 

Several sequences recording different depositional cycles 

are recognized in this formation. The sequence is divided by 

either erosion of the underlying sediments or by 

nondeposition. Each sequence contains one to six 

lithofacies. Frequently, these rhythmic lithofacies reflect 

cyclic depositional processes. Sequences containing coarser 

beds on the bottom with sharp bases and upward successions 

of finer beds separated by shale partings record a 

recessional phase, while upward coarsening sequences record 

a basinward progradational phase. 

Two stratigraphic sequences are constructed to show the 

depositional processes which characterize the Dean 

Format ion. 
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In ascending order, the following succession of clastic 

lithofacies sequences is commonly represented (Fig. 23, 24): 

1. A thick massive to faint parallel laminated 

siltstone unit overlies a dark homogeneous shale and contain 

load structures on the bottom and water escape structures on 

the top. This unit represents a truncated flow unit which 

was deposited in a channel environment. 

2. Thick highly bioturbated shaly siltstone grades 

upward into dark brown shale. Occasionally, a silty 

wackestone interval is intercalated within this lithofacies. 

This units represent sediments deposited in the channel from 

the wanning out turbidity currents. 

3. Thin varvelike laminated siltstone grades upward 

into shaly siltstone. This unit represent lateral shifting 

of the overbank deposits in the interchannel area. 

4. Thin cross- to parallel laminated siltstone with 

flame structures throughout the interval. This unit 

represents dilute turbidity currents deposited in a distal 

channel or on an overbank. 

5. and 6. repetitions of unit 2 and 3 respectively. 

7. Thick highly bioturbated shaly siltstone grades 

upward into fissile dark gray shale. This unit represents 

dilute turbidity current sediments reworked by organisms. 
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Figure 23: Vertical sequences emphasizing the delineation of 
clastic units. Dean Formation, Parrish #7 well. 
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Upward from the base, carbonate lithofacies sequences 

consist of the following units (Fig. 25, 26): 

1. Silty dolomitic packstone to wackestone with cut and 

fill cross lamination on the bottom grading upward into 

parallel laminated wackestone. This unit represents channel 

deposits producted by dilute carbonate and clastic turbidity 

currents during the recessional phase. 

2. Shale with moderate bioturbation in the lower part. 

More massive and current ripple laminated siltstones in 

the Dean Formation are present in the Jalonick #2-A well 

than in the Parrish #7 well, which indicates that the 

location of the Jalonick #2-A well is closer to the source 

area (Appendix A). 

Lower Spraberry Member 

The Lower Spraberry member is only present in the core 

from Parrish #7 well. Each sequence contains similar 

lithofacies to those in the Dean Formation (Appendix B). 

There are more graded to cross laminated fossiliferous 

carbonates, deposited by turbidity currents which originated 

from the shallow shelf area, in the lower part of this 

member. A few examples showing reverse grading indicated by 

an upward increase in grain size probably was caused by the 

basinward expansion of silt deposition during the 

progradational phase. 
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Figure 26: Core photo of the carbonate sequences described 
in Fig. 25. 
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Upper Spraberry Member 

Very littlejcarbonate turbidity current deposits have 

been recorded-in this member. Predominant turbidity current 

lithofacies in the sequence are cross laminated and 

varvelike laminated siltstones. The stratigraphic sequence 

is similar to that in the Dean Formation and lower Spraberry 

member (Appendix C). The decreasing thickness of the 

turbidity current lithofacies in this member indicates that 

the supply of sediments was decreased, which probably 

reflects'a relatively high stands of sea level. 



CHAPTER IV 

DIAGENESIS 

All sediments in the Spraberry and Dean formations were 

subject to physical compaction after deposition and burial 

to depths. Chemical diagenesis is mainly affected by the 

composition of sediments and pore fluids. 

Clastic Sediments Diagenesis 

The predominant sediments deposited in submarine fans 

in the Spraberry and Dean formations are clastic sandstones, 

siltstones and shales. Quartz and feldspar are the major 

constituents of the sediments. Accessories include 

muscovite, lithic grains, and detrial clay matrix. Silica, 

dolomite, and calcite are the major authigenic minerals, the 

others are feldspar, pyrite, barite, and clays. 

Silica 

Quartz overgrowths were precipitated in optical 

continuity on quartz grains as faceted extensions which grew 

into pores. Overgrowths from neighboring grains merging and 

molding around portions of adjacents grains (Fig. 27), 

eliminate porosity and tightly cement the rock (Jacka, 

1970). After burial, overgrowth faceting changes original 
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Figure 27: Quartz overgrowths merging and molding around 
portions of adjacent grains. d=10 u, X. 
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rounded grains into highly angular-appearing grains, 

indicated by the interlocking of minute euhedral facets, 

which commonly have been misinterpretated as the result of 

pressure solution. Most quartz grains with overgrowths are 

coated with eroded cutans on their original boundaries (Fig. 

28). The original quartz grains often have inclusions such 

as rutile, while overgrowth cements are characterized by 

greater purity. 

The loosely packed quartz grains imply that 

precipitation of quartz overgrowth occurred rather soon 

after deposition and during burial to shallow depths, before 

a great deal of compaction of the detrital grains took 

place. Quartz overgrowths were precipitated predominantly 

in clean, sand-sized sediments. 

In some sediments rich in lithic grains, microquartz 

precipitated in the pores along with quartz overgrowths 

(Fig. 29). Drusy microquartz crystals were precipitated in 

biomolds with pyrite envelopes. In many siltstones, 

carbonate grains were replaced by microquartz or chalcedony. 

Microquartz replacing ooids, peloids or other grains 

generally formed a cement ring surrounding the grain which 

gradually replaced the grain completely (Fig. 30). 

Originally opaline sponge spicules and some skeletal 

fragments became replaced by chalcedony. 
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Figure 28: Original detrital quartz grain is coated vith 
partially eroded opiticai-orlen : u t Ti; 

roil 1 r, •U r Guar t z oVe r': rov/r r.s . 
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Fiqure 29: Microquartz precipitated in the pores. (A) 
^ Microquartz (m) and quartz overgro-vths in pores. 

d=10 n, P. (B) SSM photo shows quartz overcro'.vtn 
(o) anci microquartz" crystals in cores. bar-lO u. 



Figure 30: Microquartz replacing the gram generally formed 
a ring (r) surrounding the grain. (A) Plane 
light. d=10 u. (B) Cross nickel. d=10 ju. 
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During low stands of sea level, higher rainfall 

infiltrated the shelf sediments and discharged into the 

basin through the confined porous sediment layers. The 

meteoric groundwaters enriched in silica ions probably was 

the main source for silica cementation and replacement. 

Dolomite 

Dolomite cement is concentrated in clean sandy 

siltstone with some peloids in the sediments. The amount of 

dolomite cement in different clastic lithofacies ranges from 

a few percent up to 38 percent. Most of the dolomite 

cements consist of individual rhombs precipitated in the 

pores (Fig. 31). 

The different rhombic sizes of dolomite show that 

dolomite cementation was controlled by the content of 

detrital matrix and organic material. The tiny to medium 

size dolomite, ranging from 5 JQ to 60 u, which were 

precipitated in the pores and engulfed by quartz overgrowths 

are prdominantly present in the argillaceous siltstone. In 

clean sandy siltstone and some cleaner parts of the 

argillaceous siltstone such as burrowed areas or water 

excape "pillar" areas, large dolomite rhombs replaced quartz 

grains (Fig. 32). 
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Figure 31: Dolomite precipitated in the pores and replacing 
peloids. (A) Peloid (p) replaced by dolomite. 
d=10 n, X. (B) SEM photo shows dolomite rhombs 
(d) precipitated in the pore. bar=10 u. 



65 

B 

Figure 32 Dolomite cements emplaced in siltstone. (A) 
Poikilotopic dolomite cements in "pillar" area 
siltstone. d^lOO u, X. (3) Close view of large 
dolomite rhomb replacing the grain zompletely. 
d=4 u, X. 

in 
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Precipitation of dolomite cement in basinal clastic 

sediments probably was caused by the regional hydrodynamic 

reflux of brines enriched in magnesium and sulfate ions. 

These brines originated in the vast middle to inner shelf 

and moved laterally and downward through outer shelf and 

basinal sediment, and dolomitized them (Jacka and Franco, 

1974) . 

Feldspar 

Under SEM, both plagioclase and potassium feldspar show 

various degree of alteration and dissolution. Alteration and 

dissolution is commonly seen to have occurred along 

cleavages and twinning planes (Fig. 33). Some feldspar 

grains are severely altered, while others remain fresh. 

Feldspar overgrowths are not as common as quartz 

overgrowths in siltstones. Overgrowths on orthoclase and 

plagioclase exhibit textures similar to quartz overgrowths 

(Fig. 34). Authigenic plagioclase were precipitated in the 

biomolds (Fig. 35). Most authigenic plagioclase identified 

by EDX (Energy Dispersive X-ray diffraction) consists of 

anorthite. 
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Figure 33: Altered feldspar in siltstones. (A) Early 
diagenetic pyrites (p) replacing feldspar along 
twinning planes. d=4 u, P. (3) SEM photo shows 
feldspar dissolved along preference t-/.-inning 
planes creating secondary porosity. bar=10 u. 
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Figure 34: Feldspar overgrowths in siltstones. (A) 
Orthoclase overcgrowths (o) merging with the 
surrounding grains. d=4 u, P. (B) SEM photo shows 
plagioclase overgrowth (o) precipitated in -np 
pore. bar=IOO u, • -' ̂  
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Figure 35: Authigenic feldspar (f) precipitated in pores. 
Calcitic fossil fragment dolomitized partially 
d=10 u, P. 
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Calcite 

A few skeletal fragements were subject to micritization 

on the shelf before transportation. Some skeletal fragments 

in the siltstone remain fresh and retain original texture. 

Most of the others were subject to various degrees of 

diagenesis. Aragonitic skeletal fragments were partially or 

completely dissolved by meteoric groundwaters or 

dolomitizing fluids. Biomolds were filled by quartz, 

feldspar, and calcite subsequently (Fig. 36). Ooids, 

peloids, and some skeletal fragments had been replaced by 

dolomite, chalcedony, and microquartz. 

Blocky equant calcite cements were precipitated in the' 

chambers of the fossils, intergranular porosity (Fig. 37), 

and some biomolds. No calcite cement was precipitated in 

the siltstones that contain no calcitic fossil fragments. In 

the siltstones containing calcitic fossil fragments, calcite 

cements seeded themselves on fossil fragments and expanded 

outward as "poikilotopic" overgrowths which occupied 

relatively large areas among interstices of grains and 

commonly replaced engulfed materials (Fig. 38). Calcite is 

observed to replace dolomite (dedolomitization), microquartz 

and sponge spicules. 

Formation of blocky equant calcite cement occurred at 

moderate to deep stages of burial. The increase of 
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Figure 36: Aragonitic skeletal fragments in siltstone were 
dissolved by dolomitizing fluids creating 
secondary moldic porosity. d=40 n, P. 
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Figure 37: Blocky equant calcite cements precipitated in the 
intergranular porosity in siltstone. d=10 u, P. 
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Figure 38: Poikilotopic calcite cements in siltstones. (A) 
Calcite cements seeded themselves on a calcitic 
grains. d=40 u, P. (B) Close view shows calcite 
engulfing dolomite (d) and microquartz <m). i=10 
u, X. 
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temperature and pH value associated with a decrease in the 

supply of carbon dioxide are favorable conditions for the 

solution of silica and precipitation of calcium carbonate 

(Sharma, 1965). 

Clays 

Three kinds of clay are present in clastic sediments. 

Illuviated argillans or ferri-argillans are recognized where 

original detrial quartz grains were coated by 

optically-oriented films (Fig. 28), which subsequently 

became eroded partially during transportation. The presence 

of illuviated clays indicate that the source sand or silt 

grains were subject to incipient pedogenesis on the shelf, 

prior to erosion and transportation to deep water. 

Yellowish brown detrital clays and organic matter are 

present in varvelike laminated siltstone, graded, cross to 

parallel laminated siltstone and shaly siltstone. In 

laminated siltstone, organic-rich clay laminae and wisps 

separate the clean silt and very fine grained sand (Fig. 8). 

In graded, cross to parallel laminated and shaly siltstone, 

thin clay laminae, clay wisps, and detrital clay matrix 

(Fig. 39) are commonly present throughout the sediments. 

Occasionally, authigenic clays were precipitated in the 

pores. Under SEM analysis, authigenic chlorite and illite 
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Figure 39: Detrital clay matrix (brown) deposited in a cross 
laminated siltstone. d=40 AI, P. 
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were recognized. Chlorite commonly developed as individual 

idiomorphic crystals attached to the edge of silt grains or 

formed rosette clusters as pore linings (Fig. 40). Illite 

generally occurs as irregular flakes with lath-like 

projections, these lath-like growths bridge the gap between 

adjacent detrital grains or authigenic crystals (Fig. 41). 

Accessory Diagenetic Minerals 

Barite being present in the fossiliferous siltstone is 

recognized as a pore-filling cement or replacement of other 

minerals. Barite, showing higher relief than the surrounding 

minerals and having rectangular cleavage and low 

birefringence, can be differentiated from the other sulfate 

minerals such as gypsum or anhydrite. In thin section, 

barite shows "poikilotopic" texture and replaces the 

engulfed minerals including dolomite, microquartz, and 

calcite (Fig. 42). The occurrence of barite as cement or 

replacement might be related to the migration of hypersaline 

pore waters enriched in barium and sulfate ions after 

dolomitization of the sediments. 

Authigenic pyrite commonly forms as replacement of 

fossil fragments, ooids, detrital clay, quartz, and other 

minerals, or as a pore-filling cement. Pyrite shows 

yellow-gold metallic appearance under reflected light. 



L * " * " • • ' • • 

Figure 40: SEM photo shows rossette chlorite (c) filli.iq 
the pore, bar=10 u. 
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Figure 41: SEM photo shows authigenic illite laths (i) 
bridge the pores. bar=10 u. 

'hich 
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Figure 42: Barite (b) as pore-filling cement or replacement 
of other materials. d=10 u, X. 
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Pyrite crystals are generally cubes, pyritohedrons, and 

octahedrons. Large or small framboidal pyrites and 

aggregates of small pyrite cubes scattering throughout the 

sediments are generally replacing unstable minerals, fossil 

fragments and lithic grains (Fig. 43). Sometimes pyrite 

forms as a lamina and replace organic-rich clay layers. Some 

detrital quartz grains were replaced by individual large 

pyrite pyritohedrons or octahedrons (Fig. 44). In some 

instance, micrite rims of shell fragment were replaced by 

pyrite creating pyrite envelopes (Fig. 45). Pyrite was 

formed in the reducing environment during early diagenetic 

stage. Necessary Fe"̂  and H2S might be derived from 

the reducing of iron oxides in detrital matrix and bacterial 

activities. Siderites precipitated in primary pores and 

replacing sand grains in siltstones (Fig. 44) were also 

formed in the early diagenetic stage. 

Carbonates Diagenesis 

Carbonate turbidites deposited in the deep sea fan in 

Midland Basin include oobiopelpackstone, oobiopackstone, 

oobiopelwackestone, and silty biowackestone. Invertebrate 

fossils and other grains found in the carbonate are 

recognized as foraminifera, siliceous sponge spicules, 

crinoids,'^braozoans, echinoids, brachipods, pelecypods, 
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Figure 43: Framboidal pyrite aggregates as pore -fiL11ngs and 
replacement. (A) Pyrite precipitated in the 
chambers of a gastropod. d=10 u, P. 'B) SEM photo 
shows framboidal pyrine replacincj detrital 
fe Idspar. bar=10 u. 
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Figure 44: Quartz grains replaced by pyrite octahedrons. 
Siderite (s) precipitated in pores, d-10 jj, ? 
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Figure 45: Micrite rims replaced by pyrite creating a pyrite 
envelope (e). d=40 u, P. 
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gastropods, algae, ooids, peloids, and some lithoclasts. 

Silty wackestones are completely dolomitized. Some of the 

fossiliferous packstones and wackestones are completely 

dolomitized while others are dolomitized and silicified to 

different degrees. 

Calcite 

A few fossil fragments were micritized prior to 

transportation. Lithoclasts having marine cements are also 

present in the sediments, which were transported into the 

basin from the shelf after cementation. Most of the 

aragonitic skeletal fragments were dissolved. Biomolds were 

left open or filled by other cements. Calcitic fossils still 

preserve original texture. Some skeletal fragments were 

replaced by dolomite and silica. 

Blocky equant calcite cements were precipitated in the 

chambers of fossils (Fig. 46), oomolds, and biomolds. 

Syntaxial calcite overgrowths on monocrystalline-, 

prismatic- or fibrous shell fragments grew into the adjacent 

clay matrix and replaced the matrix (Fig. 47). A few 

examples show that dedolomitization occurred where dolomite 

rhombs, precipitated on the margin of biocavity, were 

replaced by calcite (Fig. 48). Blocky equant calcite cements 

filling fractures in the dolomitic wackestone record a 
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Figure 46: Blocky equant calcite cements (c) filling the 
chamber of an algae. Other calcite overgrowths 
occur as syntaxial rims. d=40 u, P. 
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Figure 47- Syntaxial calcite rims on an echinoderm grain replacing the adjacent clay matrix. d=10 u, P 
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Figure 48: Cavity-filling dolomite rhombs (d) replaced by 
calcite. d=10 u, P. 
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relatively late diagenetic process. The fracture is lined 

by a crust of tiny dolomite rhombs (Fig. 49). 

Dolomite 

All lime muds in the silty wackestone lithofacies were 

neomorphically dolomitized to form hypidiotopic fabrics 

(Fig. 50). Calcispheres in this lithofacies were also 

dolomitized and filled by dolomite cements in the central 

cavities. 

In some fossiliferous packstones and wackestones, most 

of the aragonitic skeletal fragments and ooids were 

dissolved. Biomolds and oomolds were filled by dolomite 

cements subsequently (Fig. 51). Dolomite cement also filled 

the biocavities of some calcitic shells. Micritized fossil 

fragments were not dissolved and were replaced by dolomite. 

Calcitic fossil fragments were replaced partially by 

dolomite (Fig.52). 

Silica 

Silicification in carbonate lithofacies is concentrated 

in ooids, peloids, foraminifera and some shell fragments. 

Silica replacing carbonate include chalcedony, microquartz, 

and megaquartz. Ooids, foraminifera, shell fragments and 

originally opaline sponge spicules were replaced 
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Figure 49: Sparry calcite cements precipitated in a fracture 
in dolostone. Tiny dolomite rhombs line tne 
fracture. d=40 u, P. 
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Figure 50 Lime muds were neomorphically dolomitized to form 
hypidiotopic fabrics in the silty biowackestone 
lithofacies. d=4 u, P. 
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Figure 51: Oomolds and biomolds were partially filled by 
dolomite cements in the silty oobiopelpackstone 
lithofacies. d=40 u, P. 
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Figure 52: Calcitic skeletal fragments in this silty 
oobiopelwackestone were replaced partially by 
dolomite. d=10 u, P. 
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predominantly by chalcedony. Where chalcedony replaced 

skeletal fragments that originally consisted of high 

magnesium calcite, rhombic dolomite crystals occurred within 

areas of silica-replacement (Fig. 53). Microquartz replaced 

peloids, dolomite matrix, and some calcitic skeletal 

fragments. 

Chalcedony, microquartz, and megaquartz were 

precipitated in oomolds and biomolds in dolostone and silty 

limestone (Fig. 54). Some of these silica cements were 

precipitated on top of dolomite rhombs. In fossiliferous 

wackestone, microquartz were precipitated in the pores among 

the grains. Occasionally, megaquartz overgrew and replaced 

adjacent calcitic skeletal fragments. A few euhedral 

megaquartz crystals replaced skeletal fragments or were 

precipitated in biocavities (Fig. 55). 

Accessory Diagenetic Minerals 

Authigenic plagioclase cements were mainly precipitated 

in oomolds and biomolds (Fig. 56) in dolostones. 

Trace amounts of barite cements were precipitated in 

oomolds and biomolds which were filled partially by 

dolomite, feldspar, and silica cements (Fig. 57). 

Occasionally, blocky barite cements were precipitated in 

large voids in dolostones and replaced surrounding rhombic 
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Figure 53: Chalcedony replacing skeletal fragments in 
carbonates. (A) Small dolomite rhombs present 
within the chalcedony, d-10 u, P. (B) Originally 
opaline sponge spicule was replaced by 
chalcedony. d=10 u, X. 
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Figure 54: Oomolds at bottom was filled partially by 
dolomite cements, and subsequently was filled by 
chalcedony (c). d=10 u, X. 
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Figure 55: Euhedral megaquartz crystals precipitated in the 
partially-filled biocavity of a brachiopod 
fragment. d=10 u, P. 
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Figure 56: Authigenic feldspar filling pores. (A) Feldspar 
(f) and quartz (q) cements precipitated on top 
of dolomite cements in dolostone. d=10 u, X. (B) 
SEM photo shows a biomold was filled by dolomite 
(d), anorthite (a), and quartz cements (q). 
bar=100 n. 
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Figure 57: Oomolds in dolostone filled by various cements. 
(A) Sequences of cementation: (1) dolomite (d), 
(.2) chalcedony (c), (3) microquartz (m) , (4) 
barite (b). d=10>u, X. (B) SEM photo shows carite 
cements (b) occluding the mold partially. 
bar = 100 JA. 
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dolomite crystals (Fig. 58). In some wackestones, silicified 

fossil fragments were replaced partially by barite. 

Pyrite is also very common in the carbonate as in the 

siltstone. pyrites either fill the pores or replace the 

other materials. 

Paragenesis 

1. Spaberry and Dean formations were deposited in a 

deep basin from turbidity currents. Micritization of some 

skeletal fragments and marine cementation in lithoclasts 

occurred prior to transportation into the basin. 

2. The reducing conditions of sea floor and bottom sea 

water allowed the early diagenetic pyrites and siderites to 

be precipitated in the pores and to replace other materials. 

3. During high stands of sea level, brines enriched in 

magnesium ions which originated in the shelf area moved 

laterally and downward through the outer shelf and basinal 

sediments, precipitating dolomite cements in siltstones and 

sandstones and dolomitizing carbonates. Dolomite cement is 

abundant in most clean siltstones. Some as small dolomite 

rhombs were precipitated in the pores, the others as cement 

plus replacement of adjacent sand grains. Some aragonitic 

skeletal fragments were dissolved early in the 

dolomitization process. Dolomitization of carbonate 
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Figure 58 Blocky barite cements filling the voids in 
dolostone and replacing adjacent dolomite rhomb! 

d=100 XI, X. 
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dolomite crystals (Fig. 58). In some wackestones, silicified 

fossil fragments were replaced partially by barite. 

Pyrite is also very common in the carbonate as in the 

siltstone. pyrites either fill the pores or replace the 

other materials. 

Paragenesis 

1. Spaberry and Dean formations were deposited in a 

deep basin from turbidity currents. Micritization of some 

skeletal fragments and marine cementation in lithoclasts 

occurred prior to transportation into the basin. 

2. The reducing conditions of sea floor and bottom sea 

water allowed the early diagenetic pyrites and siderites to 

be precipitated in the pores and to replace other materials. 

3. During high stands of sea level, brines enriched in 

magnesium ions which originated in the shelf area moved 

laterally and downward through the outer shelf and basinal 

sediments, precipitating dolomite cements in siltstones and 

sandstones and dolomitizing carbonates. Dolomite cement is 

abundant in most clean siltstones. Some as small dolomite 

rhombs were precipitated in the pores, the others as cement 

plus replacement of adjacent sand grains. Some aragonitic 

skeletal fragments were dissolved early in the 

dolomitization process. Dolomitization of carbonate 



V 

100 

Figure 58 Blocky barite cements filling the voids in 
dolostone and replacing adjacent dolomite rhombs 
d=100 u, X. 



101 

materials occurred in the following order: (1) aragonitic 

lime mud, (2) crystalline aragonitic shells or ooids, (3) 

aragonitic peloids, micritized shells, and (4) calcitic 

allochems. Continuous flux of dolomitizing fluids resulted 

in formation of drusy dolomite cement filling primary and 

secondary voids. Fractures in dolostones were developed 

late in this stage; as one can see in thin sections, some 

tiny dolomite rhombs line the fracture in dolostone. 

4. After sea-level dropped, increasing rainfall 

concentrated over outer-shelf areas, discharged fresh 

meteoric groundwaters to the basin through porous sediment 

layers. Groundwaters enriched in silica ions probably 

provided the major source for the silica emplacement in some 

sediment intervals. Low temperature, low pH of the deep 

bottom sea water and organic materials within the sediments 

provided the adequate conditions for silicification of 

sediments. Quartz overgrowths were developed to some extent 

in most clean siltstones. In the siltstone containing more 

lithic grains and detrital matrix, the quartz overgrowths 

were developed to a lesser degree. Meteoric groundwaters 

probably discharged to the basin each time the shelf was 

exposed subaerially. Chalcedony, microquartz, megaquartz, 

and feldspar were precipitated in some oomolds and biomolds, 

created during dolomitization. Sometimes, microquartz 
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replaced the ooids, peloids, and shell fragments. Most of 

the partially dolomitized carbonate grains were replaced by 

chalcedony. Some open fractures in siltstone were filled by 

quartz and feldspar overgrowths (Fig. 59). 

5. Continuous subsidence and overburden caused the 

sediments to be buried to depths. Authigenic clay minerals 

were probably developed during this stage. 

6. The increasing temperature and presence of pore 

water enriched in calcium ions resulted in calcite 

precipitation. Local cementation of calcite was observed 

within some fossiliferous siltstones and silty limestones. 

Calcite cements seeded themselves on the calcitic skeletal 

fragments and filled the pores or as syntaxial overgrowths 

replacing adjacent dolomite, microquartz, and other 

materials. Fractures in the dolostones are filled by blocky 

equant calcite cements. 

7. Emplacement of minor barite occurred in the late 

diagenetic stage. Blocky equant barite cements were 

precipitated in the partially-filled voids, and sometimes, 

replaced adjacent drusy dolomite cements. In some 

instances', barite replaced silicified or dolomitized 

skeletal grains. Poikilotopic barite cements partially 

replaced engulfed quartz or carbonate grains and calcite 

cements. 
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Fiqure 59: Open fracture in siltstone lithofacies. Quartz 
Figure ^^ergrowths precipitated in the fracture. 

d=10 n, X. 



CHAPTER V 

POROSITY RELATIONSHIPS 

Primary Porosity 

Primary porosity within Spraberry and Dean formations 

was formed as: (1) original intergranular porosity in 

siltstone, and (2) intrabiotic porosity in calcitic shells. 

Original intergranular porosity was formed mainly in 

the clean matrix-free siltstone (Fig. 6). This large 

interconnected porosity was occluded first by precipitation 

of pyrite, siderite, and dolomite cements, followed by 

quartz and feldspar overgrowths, precipitation of 

microquartz, or calcite cements. In some siltstones, quartz 

overgrowths were so intensive that almost all the original 

intergranular porosity was completely occluded. Intrabiotic 

cavities were also filled by infiltrated sediments, 

dolomite, microquartz, megaquartz, and calcite (Fig. 55). 

Primary porosisty is preserved only when cementation 

processes were incomplete as observed in some siltstones and 

large intrabiotic cavities of calcitic shells. 

104 
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Secondary Porosity 

Secondary porosity was formed as: (1) dissolution of 

unstable minerals or lithic grains in sandstones and 

siltstones, (2) dissolution of aragonitic allochems in 

carbonates, (3) intercrystalline porosity in dolomitized 

carbonates, and (4) fractures. 

Unstable minerals such as feldspar and lithic grains in 

siltstones are sometimes dissolved partially (Fig.. 33). 

Molds of dissolved aragonitic skeletal fragments and 

ooids (Fig. 51) were filled by dolomite, chalcedony, 

microquartz, megaquartz, feldspar and barite cements. 

Dolomite cements partially or completely filled the molds. 

Feldspar and microquartz or megaquartz formed after dolomite 

cements lined the molds, and sometimes, occluded the mold 

completely. 

Intercrystalline porosity was formed within the 

dolomitized lime muds (Fig. 50). The lime mud deposited in 

the deep submarine fan was composed predominantly of 

aragonite. Original lime muds were replaced by dolomite 

neomorphically. Subsequent overgrowths changed the initial 

idiotopic fabrics into hypidiotopic fabrics. 

Many fractures (Fig. 49 and 59) were formed during or 

after the sedim.ents had been lithified. Fractures were 

filled by quartz and feldspar overgrowths in siltstones and 

filled by calcite cements in carbonates. 
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Preservation of secondary porosity occurs mainly in 

carbonates where some allochem molds were filled only 

partially by the cements. Intercrystalline porosity is 

preserved in dolostones where dolomite overgrowths did not 

completely fill the pores. Fractures remain open mainly in 

siltstones, where only minor quartz and feldspar overgrowths 

occurred. 

Porosity Trend 

Low porosity and permeability characterize the deep 

basin Spraberry and Dean formations. Core analysis of these 

formations in the Parrish #7 and Jalonick #2-A wells 

indicate that the highest porosities are preserved in the 

clean massive channel siltstones and range from 1.6 to 14.4 

percent (Tables 2 and 3). Most of the porosity is derived 

from residual primary intergranular porosity. Massive 

siltstone porosity of the Dean Formation in the Parrish #7 

well is slightly higher than in the Jalonick #2-A well. 

This is because primary porosity is occluded by silica and 

dolomite cements more completely in the Jalonick #2-A well 

area. 

Biomoldic porosity is preserved in some 

packstone-wackestones in the Lower Spraberry member in the 

Parrish #7 well. Intercrystalline porosity is poorly 
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TABLE 2 

CORE ANALYSIS OF SPRABERRY AND DEAN FORMATIONS FROM 
PARRISH #7 WELL 

Formation 
Member 

'' ..Spraberry 

''. .'praberry 

'd Cpraberry 

fl .."pr a berry 

'J .Spraberry 

n.Spraberry 

U.Zpraberry 

L.opraberry 

L.Cpraberry 

L.Cpraberry 

L.Spraberry 

L.C praberry 

L.Cpraberry 

L.Cpraberry 

L.C praberry 

Tean 

Dean 

!̂ ear 

Tean 

Tean 

Tean 

Tear 

Dect.h 
(Feet) 

.̂.67 

= 168 

5^69 

5i70 

5^71 

5^72 

5^73 

6330 

6 332 

6 3 3^ 

D3 3O 

6'38 

6371 

6372 

6518 

68^1 

cS^2 

639^ 

68'56 

6398 

6061 

6^62 

T ~ fv^i r.r,,r Porosity* L.Ltnoiogy /^K •' 

M. C, 

L.3. 

L.S. 

T c: 

L.S, 

L.S. 

L.S. 

M.S. 

M.S. 

M.S. 

ri • ... . 

M.S. 

C. F 

D.P 

D.r 

D.W 

D.W 

M.S. 

M.S. 

M.S. 

M.S. 

M ^ 

U.-i 

10.7 

7.9 

12.6 

13.0 

12.7 

13.7 

12.3 

11.5 

12.9 

13.5 

U.O 

i .6 

5.1 

3.4 

1 .6 

2.6 

9.4 

11 .9 

12.5 

8.0 

9.6 

Permeability • 
(M.C.) 

C.3 

0.3 

C.I 

0.3 

0.2 

0.3 

0.2 

0.2 

0.2 

0.3 

0.3 

0.5 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

0.2 

0.2 

••-f,:.. •< 

— • •• • 

"active siltstone 
•/arvelike laminated siltstone 
Toionitic wackestone 

Data from Core Lab. Inc. 
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TABLE 3 

CORE ANALYSIS OF 0EAM FORMAT IOM FROM JALONICK #2-A WELL 

Depth 
(Fee t ) Lithology Poros i ty* Permeability^ 

(M.D.) 

7879 

7899 

7903 

7905 
7908 

7913 

7915 

7931 

7936 

7972 

7975 

7979 
799U 

7996 

7998 

8016 

6020 

8022 

8026.8 

8028 

C-P.S. 

C-P.S. 

M.S. 

M.S. 

C-P.S. 

A . S . 

C-P.S. 

C-P.S. 

C-P.S. 

M.S. 

M.S. 

M.S. 

M.S. 

M.S. 

C-P.S. 

3.S. 

M.S. 

C-P.S. 

M.S. 

M.S. 

6.^ 

6.4 

10.8 

8.1 

9.2 

6.6 

k,a 
6.5 

6.5 

8.4 

9.1 

11.1 

5.4 

1.6 

8.6 

5.6 

7.9 

8.8 

12.0 

11.5 

0.1 

0.01 

0.1 

0.1 

0. 1 

0.01 

0.01 

0.1 

0.01 

0.01 

0.1 

0.1 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.1 

0.2 

Note t C-P.S. Cross to parallel laminated siltstone 
M.S. Massive siltstone 
B.S. Bioturbated siltstone 
* Data from Core Lab. Inc. 
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preserved in the dolomitic silty wackestones in both wells. 

It is better preserved in the Dean Formation in the Parrish 

#7 well because of the lesser extent of dolomite 

overgrowths. Fractures are mainly present in the shaly 

siltstones and carbonates of the Lower Spraberry member in 

the Parrish #7 well and Dean Formation in the Jalonick #2-A 

well. Thin section analysis indicates that fracture porosity 

is preserved only in the siltstones. 



CHAPTER VI 

CONCLUSIONS 

1. Rhythmic cycles of Dean and Spraberry sediments 

indicate that they, were deposited in the submarine fans in 

. . • •• . / 

the intracartonic Midland Basin in response to glacially 
V ^. 

controlled ̂ eustatic sea level changes. 

2. Clastic lithofacies include massive, graded, cross 

laminated and parallel laminated siltstone and shale. 

Sandstones and siltstones were deposited from turbidity 

currents in submarine channels, overbanks, interchannel, and 

fringe areas. Clastic sediments were derived from the shelf 

area during low stands of sea level and transported into the 

deep sea basin through submarine canyons. Accumulation of 

clastic deposits in the submarine fan records a 

progradational phase. Carbonate turbidite lithofacies 

deposited in the submarine fan records a recessional phase. 

3. Petrologic and petrographic analysis indicate that 

the source of the sediments was derived mainly from the 

northern, northwestern, and eastern shelf areas. 

4. Silica, dolomite, and calcite are the major 

diagenetic minerals in both siltstones and carbonates. 

Dolomitizing fluids derived from shelf areas resulted in (a) 

dissolving aragonitic skeletal fragments and creating moldic 

110 
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porosity, (b) dolomitizing lime muds and creating 

intercrystalline porosity. Meteoric groundwaters were 

repeatedly discharged to the basin after sea-level dropped. 

Groundwaters enriched in silica ions are the source for 

silica cementation and replacement. Calite was precipitated 

during deep burial stage, which was precipitated on a 

calcitic crystalline skeletal grain. Accessory diagenetic 

minerals are pyrite, siderite, feldspar, barite, and clays. 

5. Primary porosity is preserved in the intergranular 

porosity in clean massive and laminated siltstones and large 

intrabiotic cavities. Secondary porosity is preserved mainly 

in the carbonate packstones and wackestones where (a) 

moldic porosity remains unfilled, and (b) intercrystalline 

porosity was not completely occluded by dolomite 

overgrowths. Fractures were filled by calcite cements in 

carbonates. In siltstones, fractures remain open 

predominantly. 

6. Porosity is slightly higher in the Parrish #7 well 

than in the Jalonick #2-A well. This is caused by the 

cementation process being more completely in the Jalonick 

#2-A well area. 
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APPENDIX A 

LITHOLOGICAL SECTION AND CORRELATION 
OF DEAN FORMATION IN PARRISH #7 

AND JAJONICK #2-A WELL 
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APPENDIX B 

LITHOLOGICAL SECTION OF LOWER SPRABERRY 
MEMBER IN PARRISH #7 WELL 
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APPENDIX- C 

LITHOLOGICAL SECTION OF UPPER SPRABERRY 
MEMBER IN PARRISH #7 WELL 
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