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INTRODUCTION 

Since the beginning of Bureau researCh into the Palo Duro Basin area in 1979, more than 

150 geologic reports have been completed and published. Approximately 30 are currently in 

press. Because of continuing research in the area, however, a great deal of additional work still 

remains unpubliShed. This report is an update of ongoing, as yet unpubliShed research into the 

stratigraphy of the Palo Duro Basin (fig. 1). 

Although investigations on some scale are being carried out on essentially all of the 

stratigraphic horizons in the Palo Duro Basin area (fig. 2), only those units which have recently 

been the focus of relatively concentrated research efforts are reported on herein. This 

necessarily includes those units being analyzed for hydrocarbon potential (Mississippian and 

Pennsylvanian Systems), those that are the focus of hydrologic studies (Permian Wolfcamp 

Series and Permo-Triassic Dockum Group and Dewey Lake Formation), and the proposed waste 

repository horizon (Permian San Andres Formation). Work on other stratigraphic units is lower 

priority and is being carried out peripherally. Table 1 indicates researchers responsible for 

contributions to this report and those who are continuing to study various stratigraphie units in 

the area. 

MISSISSIPPIAN SYSTEM 

(Ruppel) 

Age and Depositional Hipory 
I 

The Mississippian System of North America is subdivided into four time-stratigraphic 

units: Chester, Meramec, Osage, and Kinderhook (Dott, 1941; Cheney and others, 1945). 

Proper correlation of these units requires biostratigrap ic or Chronostratigraphic contro1. In 

the mid-continent region, ·however, especially in the su surface where paleontologic data are 

generally lacking, these units have been extended prim rily by lithologic correlation. Local 

biostratigraphic studies (Thompson and Goebel, 19691 have tended to confirm the time-
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stratigraphic accuracy of these correlations gest that Mississippian lithologies are 

synchronous throughout large areas of the mid-conti ent. A necessary corollary of this 

assumptio_n is the idea that depositional conditions were relatively uniform during the 

Mississippian over widespread geographic areas. Biostratigraphic studies of the Palo Duro Basin 

based on conodonts, however, do not support this model. 

The accepted stratigraphic subdivision of the Mississippian in the Palo Duro Basin is 

presented in figure 3. This is based on correlatable lithologies recognized throughout the Texas 

Pan!landle and surrounding areas of Oklahoma and Kansas (Cunningham, 1969). 

Conodonts have been recovered from cores taken in 4 wells in the Texas Panhandle area 

(fig. 4): one in the northern part of the Palo Duro Basin (Donley 3), one in the area between the 

Palo Duro and Hardeman Basins (Childress 10), and two in the Hardeman Basin (Hardeman 42 

and 44). Specimens recovered fro~ the upper part of the Chappel Formation in the Hardeman 

Basin (Hardeman 42 and 44) are representative of the Apatognathus scalenus - Cavusgnathus 

Zone of Collinson and others (1962, 1971) and of the Cavusgnathus Zone of Dutro and others 

(1979) and Sandburg (1979). This indicates at least a middle to late Meramecian age for these 

rocks, which is generally consistent with previous interpretations that have suggested that the 

Chappel contains an upper Meramec part and a lower ~sage part (Mapel and others, 1979). 
I 

However, the presence of these middle to late MerameCian conodonts near the base of the 

upper Chappel may indicate that the lower Chappel is younger than previously assumed. 

The most complete suite of conodont samples was obtained in Childress County (fig. 4). 

Conodonts were recovered from 12 samples representing both the "Meramec" as well as the 

"Osage" (equivalent to the upper and lower parts of tHe Chappel in the Hardeman Basin). 

Conodonts obtained from the "Meramec" are essentially. the same as those in the Hardeman 
I! 

Basin cores. The fauna recovered from the lower ("Osage") Mississippian in Childress County 

differs slightly (it contains Taphrognathus as well as Cavusgnathus) but nevertheless also 

implies a middle Meramecian age (Collinson and others, 971; Dutro and others, 1979). This 

indicates that true Osage rocks are either totally absent n the area or represented by a very 
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thin layer (about 40 feet of Mississippian at the base of the Childress County well was not 

cored). Correlations of this well with those in the Harde an Basin based both on lithologies and 

conodont faunas suggest that most of the Chappel is also of Meramecian age (fig. 5). 

Because of erosion, only the lower ("Osage") part of the lVlississippian section is present in 

northern Donley County. Conodont samples were taken from 36 feet (11 meters) of core taken 

in the upper part of the section (fig. 5). Conodont faunas obtained in well are significantly 

older than any of the others studied. They represent the Taphrognathus Zone of Dutro and 

others (1979) and Sandburg (1979). Because this zone spans the Osage-Meramec boundary, it is 

impossible to accurately date these rocks. However, the abundance of Taphrognathus favors a 

Meramec age (Colllnson and others, 1971). Since nearly 200 feet (61 meters) of Mississippian 

section is present below the studied interval, it is quite likely that Osage rocks are present at 

this locality (fig. 5). In any case, the Mississippian rocks in the Donley County area are the 

oldest based on the conodont faunas. 

The implications of the conodont biostratigrapl)ic studies of the Mississippian are 

complex. The faunas clearly indicate that the earliest major Mississippian deposition in the 

area began in the northern part of the Palo Duro Basin (Donley County). Although minor 

deposition may have occurred to the east during the Osagean, most sediments were not formed 

until later during the Meramecian. Based on these relationShips it might be concluded that the 

Palo Duro and Hardeman Basins were flooded (transgress¢d) progressively from north to south. 

This is consistent with thicknesses and lithologies of supposed early Mississippian rocks in the 

Anadarko Basin. As was the case through much of the Paleozoic, the Anadarko Basin was a site 

of relatively &reater subsidence than surrounding areas. Therefore it would be expected that 

the first Mississippian sediments would be deposited' in that area. The relatively old 

Mississippian deposits in Donley County may represent ~he southern margin of the Anadarko 

Basin during the Osage. Arguing against this north to south transgression, however, is the 

pattern of depositional environments inferred for the Miss ssippian in the area. Regional (Mapel 

and others, 1979) as well as local (Ruppel, 1983) litho ogic studies indicate an eastwardly 
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presented herein, however, illustrate that the rocks upo which this environmental interpreta-

I. tion is based are probably Meramec in age. Thus, it may well be that Mississippian deposition in 

the Texas Panhandle was controlled by two distinct tectonic events. First, at the beginning of 
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the Mississippian (Osage time) deposition was concentrated along the area of the Anadarko 

Basin. During this time most of the Palo Duro and Hardeman Basin area remained emergent or 

received only minor amounts of sediment. Later (in the Meramec), subsidence in the Hardeman 

Basin (and southward and eastward), possibly associated with the formation of the Ouachita 

geosyncline at about this time (Mapel and others, 1979) was responsible for the inundation of 

the remainder of the area. 

PENNSYLVANIAN SYSTEM 

(5. Dutton) 

General 

A significant number of new electric logs have been acquired by the project since the 

initial work was done on the stratigraphy of the Pennsylvanian section (Dutton, 1980). Data 

from the new logs were incorporated into the existing Pennsylvanian' data base this year. 

During this process, correlations of all the older logs were re-evaluated, particularly in areas 

with new sample logs. There are now a sufficient numbe~ of sample logs to pick the top of the 

Strawn throughout the Palo Duro Basin. This horizon is now being used to subdivide the 

Pennsylvanian. This replaces the "lower 45%/upper 55%" subdivision. The lower Pennsylvanian 

interval extends from th~ top of the Mississippian to the top of the Strawn; the upper 

Pennsylvanian is from the top of the Strawn to the top of the Pennsylvanian (Table 5). 

Maps were prepared with the new data for lower ennsylvanian facies (fig. 6) and net 

carbonate (fig. 7), and upper Pennsylvanian facies (fig. 8~ and net carbonate (fig. 9). The new 

subdivision of the Pennsylvanian did not Change maps ~f the upper Pennsylvanian interval 
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would be assigned to the lower Pennsylvanian. In some' areas, particularly near the Amarillo 

Uplift and over the Matador Arch, this resulted in Canyon or Cisco strata being placed in the 

lower Pennsylvanian. Now these areas are shown as having no lower Pennsylvanian strata. 

Lower Pennsylvanian strata probably are missing from areas near the uplifts because of 

nondeposition. However, it is possible that lower Pennsylvanian sediments were deposited, and 

subsequently eroded, before deposition of the upper Pennsylvanian. 

Petrographic Studies 

Limited core samples of granite wash from the Stdne and Webster 111 J. Friemel well in 

Deaf Smith County were available for study. These samples are I-inch plugs of lower 

Pennsylvanian granite wash that were used for porosity a.nd permeability measurements. The 

I grain size of the samples varies from granular, very coarse sandstone to sandy, pebble 

I conglomerate. The samples are poorly to moderately ,sorted, with subangular grains. The 
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framework grains are mainly quartz, feldspar, and mitrographic granite fragments, so the 

sandstones are classified as arkoses (Folk, 1974-). The ab~ndant micrographic granite indicates 

that the source area was the Bravo Dome in Oldham County (Flawn, 1956). Quartz 

overgrowths, ankerite, and kaolinite cements are common, and they reduce porosity and 

permeability within the granite wash. 

Porosity in samples of Deaf Smith granite wash WqS measured by porosirneter as 16.1 to 

17.9 percent. Porosity measured in thin sections made frqm the same samples ranged from 12.0 

to 17.5 percent. The difference probably is caused by microporosity within clay cements and 

elsewhere that cannot be seen in thin section but can be imeasured by a porosimeter. Porosity 
I 

determinations in thin sections also tend to be lower thaj by porosirneter because the thickness 

of a thin section causes a petrographer to overemphasiz grain volume at the expense of pore 

5 



I 
I 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

space (Jonas and McBride, 1977). Permeability to wa er in these same samples was 21 md 

vertically and 54 to 420 md horizontally. 

Oil Reservoirs 

Numerous oil discoveries have been made recently m Pennsylvanian granite wash and 

carbonates (Table 2) in east-central Oldham and western Potter Counties (fig. 10). Granite 

wash is the most important reservoir facies, but no core from Oldham County granite wash was 

available for study. However, granite wash from the J. Friemel well in Deaf Smith County is 

probably similar to, although older than, the productive granite wash in Oldham County. 

Calculations of oil-in-place indicate that the largest fields in Oldham County contained 

about 10 million bbl of oil initially (Table 2). The amount of oil that ultimately can be 

recovered is less. An estimated 1,560,000 bbl of oil are recoverable from Hryhor Field 

assuming a rather low, 17-percent recovery factor (Railroad Commission of Texas, 1982). 

Cumulative oil production from tne 12 fields in this area was 6,078,283 bbl of oil by January 1, 

1983 (Table 2). 

Traps in the fields are simple or faulted anticlines (fig. 11). Manarte (Granite Wash, 

Upper) Field is formed by a combination structural and stratigraphic trap. Oil is trapped on the 

eastern side of the field by granite-wash pinch-out at the margin of a north-south trending 

channel (Railroad Commission of Texas, 1969). Oil is tra~ped on the other three sides of the 

field by a southwest-plunging anticline. 

PERMIAN SYSTEM 

Wolfcamp Series 

Porosity Studies (Conti) 

Handford and Fredericks (1980) and Dutton, Goldstei and Ruppel (1982) have presented 

interpretations of the Palo Duro Basin's sedimentary evolu ion during Wolfcampian time. The 
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Wolfcamp Series, which was recognized by Bassett a d Bentley (1983) as a deep-basin brine 

aquifer within the Palo Duro Basin, lies beneath bedd d Permian salt which is currently being 

I- studied for its ability to contain and isolate high-lev l nuclear-waste materials. Due to its 

stratigraphic position below the potential-host salt beds of the San Andres, the Wolfcamp is a 

potential hydrologic medium for transporting radionuclides, if they were to leak from overlying 

salt beds. "Failure of the containment of deeply buried radioactive waste, if it occurs, would 

most likely involve some transport of radionuclides by ground water. The prediction of future 

I ground-water motion is therefore of prime importance" (Davis, 1980). Discernment of the 
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distribution of porous zones is integral to the evaluation of the amount of movable water 

contained in the Wolfcamp, and ultimately to the estimating deep-brine travel times and 

frequency of aquifer flushing. 

Porosity values are obtainable from a variety of individual petrophysical logs, either 

directly or through calculations, but for the best data resolution, crossplotting one response 

against another is generally recommended (Keys and Brown, 1973). Study of porosity 

distributions in the Wolfcamp deep-basin aquifer was initiated to attempt to discern tne 

distribution of lithofacies, their effective porosities, and ultimately their collective influence 

on ground-water dynamics of the Palo Duro Basin. 

Previous Studies 

To date, studies of Wolfcamp subsurface stratigraphy within the Palo Duro Basin have 

relied almost entirely on correlations of electric logs (resistivity and self-potential curves), 

gamma logs, and sample logs (Handford and Fredericks, 1980; Handford, Dutton and Fredericks, 

1981). Such studies have yielded more or less generalized indications of porosity and lithology. 

distributions. In order to better understand the vertical and lateral variations in lithology and 
II 

porosity, however, more-detailed quantitative determitations of permutations of these two 

parameters (viz., lithology and porosity) are required. 

7 
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Predicting Porosity Distributions 
I 

Because carbonate grains tend to accumulate whrre they are generated, the texture of 

many carbonate rocks depends more on the size of the in situ skeletal-grain contributions than 

on components that were transported in from proximate and distant environments (Wilson, 

1975). SuCh in situ accumulations yield primary porosity, the preservation of which is subject 

to post-depositional diagenetic alterations which ultimately enhance or reduce the size of the 

interstices formed during deposition. This, added to the fact that shallow-water carbonate 

depositional environments generally eXhibit a high degree of lateral variaJ?ility, increases the 

complexity of predicting porosity distributions within the predominantly carbonate rock 

sequences (Scholle, 1979) such as those of the Wolfcamp. 

Another consideration which further complicates the prediction of porosity trends in 

shallow-water carbonates deals with their potentially variable water Chemistry at the time of 

deposition. Not only might the chemistry of the pore fluids have varied due to temporal 

chemical anisotropies in the ambient waters of sedimentation, but they might also have varied 

as a result of vertical sedimentary accretion to sea level or above. SuCh an event would 

ultimately allow the introduction of meteoric fluids through the (chemically) metastable 

sediments, initiating penecontemporaneous alteration df pri~ary porosity systems (Scholle, 

1979). 

Prediction of porosity distributions in shallow-water carbonates, suCh as those of the 

Wolfcamp, is therefore assisted by the utilization of data generated from analyzing specific 

suites of petrophysical responses. For this study, neutron-porosity and density-porosity logs 

were simultaneously analyzed, by crossplotting, to delineate Wolfcamp-strata porosity distribu-

tions. Crossplotting two porosity-log responses is a frequently used method of identifying 

Lithology and making accurate porosity estimates (Burke, Schmidt and Campbell, 1969). The 

values read from neutron, density or sonic logs reflect Ii hology, fluid content and porosity, so 

that porosity values can be calculated in intervals of si pIe (i.e., monomlneralic) lithology, if 

only one log is available and the lithology is known. Ho ever, for Wolfcamp lithologies, which 
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are often complex, noncorrelatable, and unpredictablel in extent across the Palo Duro Basin, 

crossplotting was employed to ascertain complex litholo1ies and their corresponding porosities. 

A verage-porosity Distributions ' 

Brown Dolomite.--The Brown Dolomite, which is generally regarded as the top of the 

Wolfcamp (Dutton, Goldstein and Ruppel, 1982) in the Pa~o Duro Basin is characterized by being 
, 

predominantly dolomite, and having relatively high porosity (as compared with the superjacent 

Wichita and sUbjacent Wolfcamp strata). Such a distinctive lithology and porosity signature 

allows for the easy delineation of this interval in lithology/porosity columns constructed (not 

included in this report) from analyses of neutron-density logs, thus facilitating analyses of 

porosity distribution (figs. 12-16). 

Determining weighted-average porosities yielded average-porosity trends for the Brown 

Dolomite interval (fig. 17). Generally, the highest average porosities in the Brown Dolomite are 

found in the southeast and northwest areas of the basin along the Lower Wolfcampian shelf 

margin (Handford and Fredericks, 1980). In the southe~stern part of the basin, the axis of 

highest-porosity is oriented north-northwest along the southeastern shelf margin, passing 

through Motley and Briscoe Counties. In the northwestern part of the basin the highly porous 

Brown Dolomite is found in north-central Deaf Smith County. The lowest average"-porosity 

trend in the Brown Dolomite is found in the southern part pf the basin, along the Matador Arch, 

in south-central Hale and southeastern Lamb Counties. 
" 

Wolfcamp Strata Subjacent to the Brown Dolomite.+Effective porosity within the Lower 

Permian Wolfcamp strata of the Palo Duro Basin is distributed throughout arkosic sands and 

granite-waSh clastic sediments and non-stratal-dolomite and limestone carbonate sediments. 

Volumetrically, the carbonate rocks are of mUCh greater ,significance than the coarse-grained 

clastic sediments. Noneffective porosity is generally significant, especially in the lower 

Wolfcamp strata along the shelf margin. 

Vertical distributions of rock type and void-space systems were characterized in tne 

lithology/porosity columns constructed from analyses of eutron-porosity and density-porosity 
I 
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data. From .such columns, net thicknesses of seven ,porosity ranges were determined and 

mapped (figs. 18-24). l 
Weighted-average-porosity determinations yield av rage-porosity trends for the Wolfcamp 

strata underlying the Brown Dolomite (fig. 25). Average-porosities were not determined for 

I specific lithologies, but rather for the entire stratigraphic interval, between the bottom of the 

Brown Dolomite and the top of Pennsylvanian strata. The highest-average-porosity trend is 

found in the northern part of the basin, with the axis of highest porosity oriented east-

_ southeast, and passing through Oldham, Deaf Smith, Randall and Armstrong Counties. The 
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highest-average-porosity trends are. generally associated with alternating clastic and carbonate 

sediments that were deposited in Shelf-margin and back shelf environments during their 

basin ward progradation. 

The lowest-average-porosity manifestations, which are found along the east, west and 

south basin margins, are due mostly to the presence of interpreted shales and sandy shales 

which have assigned effective-porosity values of 0.00 and consequently, greatly reduced 

(calculated) average-porosity values. The shales and sandy shales found .near or landward of the 

basin margins are probably associated with prodelta, or interdeltaic, fine-grained clastic 

sedimentation. I! 

Entire Wolfcamp Interval.--The average-porosity distributions for the entire Wolfcamp 

interval (fig. 26) vary very little from the average-porosity distributions of the Wolfcamp strata 

lying beneath the Brown Dolomite (fig. 25). Essentia.,lly, the highest and lowest average 

porosities are found, respecti vely, in the northern part of {he basin and the eastern, western and 

southern parts of the basin, as explained above. The high-porosity and low-porosity areas are 

similarly distributed geographically (figs. 25 and 26) due to the relatively minor influence of the 

Brown Dolomite in affecting the average-porosity values for eaCh well. 
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Stratigraphic Studies (Herron and Conti) 

Wolfcampian/Pennsylvanian Boundary 
! 

I 

The Wolfcampian/Pennsylvanian contact is difficult to pick in subsurface-stratigraphY 

studies of the Palo Duro Basin because of lateral facies changes, scarcity of paleontological 

data, and lack of a cor relatable contact in surrounding regions. Variances in the conformability 

of the contact, which reflect concomitant (regional) tectonic events add to the difficulty. 

Unconformities at the Wolfcampian/Pennsylvanian contact have been recognized in West Texas, 

on the Central Basin Platform, in eastern New Mexico, in eastern Colorado and western Kansas 

(San Angelo Geological Society, 1958; Meyer, 1966; Maher, 1953), whereas the contact is 

conformable in the Anadarko Basin and Eastern Shelf areas of the Midland Basin (Rascoe, 1978; 

Galloway and Brown, 1972; Gupta, 1977). In the Palo Duro Basin, the contact is represented 

partly by unconformities or hiatuses, and partly by apparently continuous deposition. Angular 

unconformities which reflect tectonic activity have been identified in two areas of the 

southwest part of the basin and just south of the Amarillo Uplift in the northern part of the 

basin (fig. 27). Th~re is also evidence which supports depositional hiatuses or unconformities 

not associated with tectonic features. Wolfcampian/Pennsylvanian unconformities occur 

principally in Bailey, southwestern Castro, southeastern Parmer, Lamb, Hale, and Donley 

Counties (fig. 27). 

Due to the absence of a precise definition of the lower boundary of Permian sediments 

and lack of paleontological control, correlation of the Wolfcampian/Pennsylvanian conformable 

contact in the Palo Duro Basin is uncertain. In many areas within the alternating basinal shales 

and thin carbonate units, a physical stratigraphic marker is not apparent. Sample-log 

descriptions which contain paleontological data may be useful in bracketing the contact. 

However, the boundary must usually be projected fro~ the shelf areas where it is better 

defined, and from areas near the basin-bounding uplifts ~here it is marked by an unconformity 

through Upper Pennsylvanian?/Lower Permian strata. I 
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Figure 28 shows the lithologies on top of which he Upper Pennsylvanian boundary was 

placed. Figure 29 shows the lower Wolfcampian lith logies which immediately overlie the 
I 

contact. Figures 28 and 29 Show the lateral faci~s changes across the basin, and the 

paleotectonic and depositional-environment changes which took place· during Late Pennsyl-

vanian to Early Permian time. An increase in the rate of subsidence and subsequent marine 

transgression in the earliest Wolfcampian caused basin enlargement. This resulted in a marked 

increase in the areal extent of the basinal facies (viz., shale) and landward movement of both 

eastern and western shelf-margins. 

Wolfcampian/Wichita Boundary 

The Wolfcampian/Wichita boundary is picked on top of the Brown Dolomite in the Palo 

Duro Basin by using distinctive geophysical-log signatures. There is a characteristic kick in 

neutron- and densi ty-porosi ty responses and a corresponding drop in resistivity at the contact 

(fig. 30). These responses are due to the fairly rapid downward change in llthology and porosity 

from low-porosity anhydrite and anhydritic dolomite in, the Wichita Group to highly-porous 

dolomite in the upper Wolfcampian. In general, the contact is log-correlatable across the basin. 

However, the lack of anhydrite in the western and some of the southern parts of the basin (fig. 

31) reduces the effectiveness of using the log Signature to pick the Wolfcampian/Wichita 

contact. 

Brown Dolomite 

The Brown Dolomite in the Palo Duro Basin has been described as a "porous, coarsely-

crystalline, buff dolomite" (Dutton and others, 1982). In the nearby Panhandle Field of Texas, 

Pippin (1970) described it as "a buff, cherty, sacchroidal \dolomite." In this study it has been 
I 

most useful to define the Brown Dolomite by log resp!ses and derived llthology/porosity 

variations. The top of the Brown Dolomite is equivalent t the top of the Wolfcampian, and is 

indicated by the log signatures described above throughou. most of the basin. In some areas, 

these log-signature characteristics can be correlated with \ distinct (nega ti ve) SP Shoulder (fig. 

30). The Brown Dolomite is massive, cross-cutting apparer bedding and facies in some areas 
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and consequently has a base which is not well-defi Generally, an upward change in 

dominant lithology from limestone to dolomite accom anied by an increase in porosity best 

indicates the base of the Brown Dolomite. 

The Brown Dolomite is present throughout the Palo Duro Basin, except in the southern 

parts of Floyd, Lamb, and Hale Counties, and occurs allover the Texas and Oklahoma 

Panhandles except in the northwest Texas Panhandle in Dallam, Hartley and Sherman Counties, 

and in the westernmost Oklahoma Panhandle in Cimarron and western Texas Counties (fig. 32). 

It is a time-transgressive unit which appears to be equivalent to the Herington Dolomite to the 

north (over the Amarillo Uplift and northward); it is correlative with a shelf limestone and slope 

system to the south in the Midland Basin (Handford and others, 1981). Correlations to the east 

and west have not been worked out, to date. 

A Brown Dolomite isopach map (fig. 33) which was prepared from sample-l<?gs and 

geophysical logs shows trends of thickening where original carbonate buildups were concentra-

ted, SUCh as over vertically-aggraded shelf margins in Lamb and Castro Counties, and over 

prograded Shelf-margin systems in Briscoe, western Arrljlstrong and Potter Counties. Thinning 
i 

trends occur in the central-basin area, where few carbonate sediments were deposited until 
I 

very late Wolfcampian time. The unit also thins over th~ Amarillo Uplift and other structurally 

positive features that were buried during Wolfcampian deposition. Sedimentation from the 

still-exposed Sierra Grande Uplift precluded Brown Dolomite deposition in the northwest in the 

Dalhart Basin (western Hartley, Dallam, and northwest S~e.rman Counties.) 

The Brown Dolomite consists primarily of poroys carbonate rocks that are 50-100% 

dolomite. Chert replacement and anhydrite nodul~s or pore fillings also are commonly 

indicated in sample logs and core description, especially at the top of the unit. 

Underlying the Brown Dolomite is an unnamed, typically limestone unit, within the Palo 

Duro Basin, which may be correlative with the Colem n Junction Limestone of the Eastern 

Shelf, North Central Texas. Over the Amarillo Uplift nd the Bravo Dome, granite waSh or 

Precambrian basement rocks underlie the Brown Dolomi e. In parts of the central basin area, 
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the underlying lithology is mostly shale. In a few areas a lower dolomite underlies the unit, and 

is nearly indistinguishable from the Brown Dolomit~. A generalized map of lithologies 

subjacent to the Brown Dolomite is shown in figure 34. 

San Andres Formation 

The San Andres Formation contains the thickest and most extensi ve evaporite units in the 

Palo Duro Basin. It is of special interest because the San Andres unit 4- halite is under 

consideration as a potential repository horizon. 

The name San Andres Formation was carried from the Central Basin Platform to the Palo 

Duro Basin by Nicholson (1960). The San Andres Formation was divided into a lower informal 

unit with five numbered cycles and an upper unnumbered unit by Presley (1979a, 1979b, 1980a, 

1980b, 1981a, 1981b). Presley prepared cross sections and isopachs of selected intervals. Bein 

and Land (1982) investigated the geochemistry of the San Andres Formation along a generally 

north-south transect through the Palo Duro Basin, including information from the first two test 

wells drilled by DOE. The bromide geochemistry of the San Andres unit 4- was studied by 

Handford (1981). Ruppel and Ramondetta (1982) reported on the salt purity of the formation. 

Carbonate beds in the San Andres Formation in the southern Palo Duro Basin and their 

relationships with oil reservoir rocks in the northern thelf of the Midland Basin have been 

investigated by Ramondetta (1981, 1982a) and Presley and Ramondetta (1981). San Andres 

facies in one core were documented by Hovorka (1983). 

Cyclicity (Hovorka and Fracasso) 

Four regional cross sections have been prepared tfl'lrough the San Andres Formation (figs. 

35-39). Individual wells have been projected onto each tr~nsect line along perpendiculars to the 

transect which passes through the wells. Wells are I distributed unevenly over the Texas 

Panhandle. :'v1ost are concentrated along the Amarillo Uplift and Matador Arch. Lower well 

density inside the basin (average well spacing along tra1sect lines is 6.31 miles), however, has 
I 
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carbonate-evaporite sequence because relatively thin iliciclastic and dolomitic beds produce 

characteristic sharply defined peaks well above the gamma baseline. A vallable sample logs, 

borehole compensated sonic logs, and density logs have also been examined to help distinguish 

between lithologies. 

An intraformational horizon--the "pi marker" (Dunlap, 1967; Ramondetta, 1982b, fig. 39)--

is used as a hori~ontal datum in the correlation sections. The pi-marker is a high, sharp gamma 

peak situated in the middle San Andres (new informal division, see below) that can be 

recognized throughout the Palo Duro Basin and some distance beyond (northwestern Midland 

Basin, northern Northwest Shelf of the Delaware Basin, Dalhart Basin, and northern Eastern 

Platform of the Midland Basin). The- primary advantage of using an intraformational horizon as 

a datum in constructing regional cross sections is that it compensates for the effects of 

postdepositional structural deformation on the geometry of the preserved sequence, thus 

restoring original depositional stratigraphy and facilitating well-to-well correlation. 

Sequences of continuous core representing most or all of the San Andres Formation have 

been recovered from eight stratigraphic test wells dtilled by DOE in the Palo Duro Basin 

(fig. 35). Textural, petrographic and geochemical analyses of core allow interpretation of the 

sequence of depositional and diagenetic environments 1n the San Andres Formation. At least 

one cored well has been incorporated in each cross section. 

Ideal Vertical Sequence 

An idealized San Andres cycle, based on examination of continuous DOE core intervals, is 

an asymmetric carbonate-evaporite vertical sequence (ftg. 40). A typical cycle is composed of 

(l) a basal anhydritic dark-colored mudstone 00 cmto 2 m thick), (2) skeletal limestone, 

(3) dolomite, (It) nodular anhydrite, (5) bedded anhYdrite'!1 and (6) halite. This sequence forms as 

the result of gradually increasing salinity of the depfsiting water body (fig. ltO). Halite 

members are interrupted by thin red bed units that be10me more common and thicker in the 
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upper San Andres. These represent minor episodes of Iastic progradation across the shelf that 

probably presage the major progradational event repre ented by the overlying Queen-Grayburg 

red bed formation. The occurrence of these units app ars to be extrinsically controlled and is 

partially independent of the typical San Andres salinity-controlled cyclicity. 

Dark Mudstone.--Transgressi ve sediments deposited at the beginning of San Andres cycles 

are thin (0.1 to 3 m thick) anhydritic and pyritic, black mudstone. These are regionally 

extensi ve throughout the Palo Duro Basin and occur between the halite at the top of one cycle 

and the base of the next cycle. The black mudstone units are intensely disrupted at the base by 

soft sediment faults and folds. The upper part of some mudstone beds exhibits primary 

structures, including ripple lamination and fissility, and may be organic-rich. 

The black mudstones formed as water depth increased, providing better circulation. This 

caused salinity to decrease to normal or nearly normal marine. Anhydrite beds were not 

precipitated at this time, suggesting that the Change occurred rapidly. The black mudstone is 

at least in part a residue of the insoluble components of the underlying halite, which was 

partially dissolved by interaction with normal or near-normal marine waters. Mudstone and 

anhydrite interbeds and disseminated impurities within ~he fabrics in the mudstone are a result 

of removal of the underlying halite by solution. The ripple lamination in the upper part of the 

mudstones resulted from reworking of the residue, and probably other fine terrigenous clastics 

transported by dust storms or other mechanisms. The dark color of the mudstone is due to 

reducing conditions within the sediment and is simil~r to the conditions in the overlying 

limestone, dolomite and anhydrite. 

Carbonate.--The dominant carbonate in a complete cycle is limestone, comprising skeletal 

grainstone, packstone, and wackestone. Up to 15 m of skeletal carbonate is present in San 

Andres unit 4, in most cores, where it represents a p olonged episode of widespread, near-

normal marine salinity. Al though the predominant a lochems are transported grains, the 

presence of some large brachiopod shells with intact spi es is evidence that skeletal carbonate 

was produced locally in the northern Palo Duro Bas.'n. The diverse faunal assemblage, 
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abundance of large burrows, and normal early diagenetH:: history of tne carbonate, including 

neomorphism of aragonitic shells and possible bladed aragbni tic cements is further evidence of 

near-normal marine conditions during limestone depositionl 
i 

Facies variations within the limestone are due to milgration of high energy bar sediments 

across lower energy interbar sediments (fig. 41). Unlike other parts of the San Andres cycle, 

the limestone shows no evidence of increasing salinity during deposition. Limestone fabrics 

indicati ve of interaction with evaporites are interpreted to have formed during burial 

diagenesis, based on textural features and the apparef!tt normal marine character of the 
'I 

sediment. These fabrics include partial or complete dolomitization and cementation of all 

pores throughout the limestone interval with halite. Aragonitic grains were replaced by halite, 

and aragonite, calcite and dolomite were replaced by anhydrite in the upper part of the 

carbonate intervals. The diagenetic fluids causing these replacements were probably provided 

when carbonate environments were replaced by sulfate and halite-saturated brine pools and 

higher salinity waters invaded the permeable carbonates. This pattern of diagenetic alteration 

of preexisting sediments by fluids derived from overlying parts of the cycle is repeated for 

other lithologies. 

The laminated or rippled dolomite-in the upper part <;>f the carbonate unit shows evidence 

of deposition at the start of hypersaline conditions. S~eletal grains are sparse or absent. 
! 

Rippled ooid or coated particle grainstone and carbon4te mudstone are the most typical 

sediments. The predominant allochems are micritic intraclasts, pellets, and coated grains. 

Many grains have internal concentric lamination resembling that of ooids, except they have 

been compressed against each other and deformed. This indicates that they were soft at the 

time of deposition. The origin of these grains is unknown, Ostracods, bivalves, and gastropod 

! 

shell fragments are rare. Both packstones and interbedded \:iolomicrite are ripple-laminated and 

sparsely burrowed. The low faunal diversity, dOlomitizati1n, and sparseness of burrows reflect 

the hypersaline depositional environment. E vidence of exp sure and supratidal sedimentation is 

present locally especially near the top of unit 4 carbonat but is not common, suggesting that 

17 



-
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

abundance of large burrows, and normal early diage etic history of the carbonate, including 

neomorphism of aragonitic shells and possible bladed a agonitic cements is further evidence of 

near-normal marine conditions during limestone deposi ion. 

Facies variations within the limestone are due to migration of high energy bar sediments 

across lower energy inter bar sediments (fig. 41). Unlike other parts of the San Andres cycle, 

the limestone shows no evidence of increasing salinity during deposition. Limestone fabrics 

indicative of interaction with evaporites are interpreted to have formed during burial 

diagenesis, based on textural features and the apparent normal marine character of the 

sediment. These fabrics include partial or complete dolomitization and cementation of all 

pores throughout the limestone interval with halite. Aragonitic grains were replaced by halite, 

and aragonite, calcite and dolomite were replaced by anhydrite in the upper part of the 

carbonate intervals. The diagenetic fluids causing these replacements were probably provided 

when carbonate environments were replaced by sulfate and halite-saturated brine pools and 

higher salinity waters invaded the permeable carbonates. This pattern of diagenetic alteration 

of preexisting sediments by fluids derived from overlfing parts of the cycle is repeated for 
I 

other Ii thologi es. I 

The laminated or rippled dolomite in the upper part of the carbonate unit shows evidence 

of deposition at the start of hypersaline conditions. Skeletal grains are sparse or absent. 

Rippled ooid or coated particle grainstone and carbonate mudstone are the most typical 

sediments. The predominant allochems are micritic ~ntraclasts, pellets, and coated grains. 

Many grains have internal concentric lamination resembling that of ooids, except they have 

been compressed against each other and deformed. This indicates that they were soft at the 

time of deposition. The origin of these grains is unknown. Ostracods, bivalves, and gastropod 

shell fragments are rare. Both packstones and interbedd d dolomicrite are ripple-laminated and 

sparsely burrowed. The low faunal diversity, dolomitiz tion, and sparseness of burrows reflect 

the hypersaline depositional environment. Evidence of e posure and supratidal sedimentation is 

present locally especially near the top of unit 4 carbon te but is not common, suggesting that 
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tne depositional environment was an extremely broad, fnallow, and mostly subaqueous hyper­

saline marine shelf. A small amount of siliciclastic sil1 within dolomite may have been wind­

borne from adjacent land areas into the hypersaline marine environment. 

Anhydrite.--The anhydrite part of the cycle displays a well developed vertical sequence, 

including from base to top: (1) anhydrite nodules in dolomite matrix, (2) nodular mosaic 

anhydrite, (3) laminated anhydrite with or without pseudomorphs after bottom-nucleated 

gypsum crystal; and (4) anhydrite-halite transition. The contact between anhydrite and 

dolomi te is gradational over a few tens of centimeters consisting of anhydrite nodules in 

dolomite mudstone. The relationship between the dolomite and anhydrite is most visible where 

the dolomite is well laminated. It appears to be replacement of dolomite mud by anhydrite, 

followed by compaction of the dolomite mud around the nodules. Displacive growth of 

anhydrite nodules may have occurred but has not yet been documented in San Andres anhydrite. 

Nodular mosaic anhydrite with and without inter-nodular dolomite makes up the lower 

part of the anhydrite unit. Nodular anhydrite and nodular mosaic anhydrite have been 

considered textures characteristic of sabkhas, based on modern Persian Gulf examples. In the 

Persian Gl.lli, sulfate nodules are formed within subaeriaJly exposed sediment when marine and 

terrestri"ally-derived waters reaCh anhydrite saturation due to evaporation. However, nodular 

anhydrite has been observed in numerous other environments, including laminated, deep-water 

I sediments (Dean and others, 1975). Nodular textures also result from metamorphism of 
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secondary sulfates (Schreiber and others, 1982). Some San Andres nodular anhydrite-carbonate 

mixtures may have been formed in sabkha-like subaerial environments, especially where they 

overlie possible supratidal carbonates. However, most of the nodular anhydrite is interpreted as 

the result of diagenetic remobilization of subaqueousl~-deposited laminae of anhydrite and 

dolomite. Evidence for a subaque.ous brine pool origin for most of. the San Andres nodular 

mosaic anhydrite includes: (1) absence of the typical sab ha cycle (Shearman, 1971), (2) typical 

position of the nodular anhydrite overlying apparently ubaqueously deposited carbonate and 
i 

beneath subaqueously deposited laminated anhydrite, (3) cpmmon gradation between nodular and 
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laminated fabrics by occurr'ence of deformed and altered laminae and pseudomorphS after 

gypsum crystals within poorly formed nodular anhydrite, land (4) occurrence of poorly formed 

anhydrite pseudomorphs after bottom nucleated gypsum cr~stals in dolomite. 

Overlying the nodular anhydrite is laminated anhydrite with pseudomorphs of halite and, 

less commonly, anhydrite after vertically oriented gypsum crystals. Gypsum formed single or 

twinned crystals exhibiting growth bands and sediment laminae entrapped during crystal growth. 

Hardie and Eugster (l971) and Schreiber and Kinsman (1975) have described similar vertically 

I oriented gypsum and interpreted it as indicating growth 1n a Shallow pond environment. The 

I 
absence of truncation surfaces across the crystals suggests that the pond was deep enough so 

that the significant episodes of exposure did not occur. Large gypsum crystals in the San 

Andres have been replaced by halite, and fine gypsum sediment between crystals has been 

replaced by anhydrite. 

A t the top of the anhydrite unit is a transition to halite. The transition interval is a 

mixture of halite in anhydrite and, in som e cases, contains a minor amount of red siliciclastic 

mudstone. The textures in this interval are complex and variable, including contorted beds, 

coarse, randomly oriented blades of anhydrite in halite cement, and partially destroyed 

pseudomorphS after gypsum. These textures reflect di~genetic alteration as geOChemical 
. I . 

conditions alternated between gypsum and halite saturation. In some cycles the first episodes 

of subaerial exposure, typical of the bedded halite unit, occurred during this transition and 

produced more complex diagenetic textures. 

The main distinction between nodular and bedded anhydrite may be differences in timing 

of the influx of more saline diagenetic fluids (fig. 42). Nodular anhydrite underlies bedded 

anhydrite and therefore underwent initial diagenesis in fluids derived from gypsum-precipitating 

ponds. Nodular textures also have been observed in the upper few centimeters of bedded 

anhydrite beneath dolomite beds or black mudstone insoluble residue, indicating that formation 

of nodular fabrics can occur under the influence of lower tallnity normal marine to carbonate 

saturated waters. Good preservation of fabrics, including tseudomorPhs after gypsum crystals, 
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appears to be associated with a stage of diagenesis in alite saturated waters. This is shown by 

the replacement of large gypsum crystals by halite. owever, the uppermost anhydrite bed in· 

the cycle, which was subjected to halite-saturated waters shortly after deposition, has poorly 

preserved fabrics. The optimum conditions for preservation of primary fabrics, based on 

observed location in the cycle, appear to be an initial episode of diagenesis beneath the 

gypsum-precipitating brine pool followed, after burial of 1-3 meters, by introduction of waters 

derived from a halite-saturated brine pool. Textural evidence suggests that the first phase of 

diagenesis dehydrated the initial gypsum sand or mud matrix around the large gypsum crystals 

to anhydrite, but the centers of the large crystals did not have time to react. These remained 

gypsum until halite saturation was reached in the overlying water body and were then replaced 

by halite. The preservation of the fine laminae that formed along gypsum-crystal growth 

surfaces within the poikilotopic halite is evidence that· halite replaced gypsum without 

formation of void space. The uppermost anhydrite was immersed in halite saturated brine 

before much dehydration of gypsum occurred. Therefore, dehydration of gypsum and replace­

ment of gypsum by halite occurred simultaneously. Some primary fabrics are preserved by 

anhydrite rims, whereas others were too completely altered by halite replacement to be 

recognizable. Intermittent subaerial exposure accompanied by accumulation of clastic mud­

stone also disrupted fabrics in the uppermost anhydrite. 

In a few sites no halite is present and anhydrite farms well preserved pseudomorphs after 

gypsum, usually small gypsum blades. The difference b~tween the conditions that formed this 

fabric and the conditions that formed nodular mosaic fabric is not yet understood. 

Halite.--Bedded hallte containing interbedded anhydrite and mudstone and disseminated 

impurities forms the upper part of eaCh cycle. Complex textures in halite result from its high 

solubility and reactivity during early diagenesis. Many textures in hallte were formed during 

deposition as crusts of crystals on the floor of extensive shallow brine pools. Fabrics in halite 

interpreted to result from brine-pool precipitation in Jude: (1) vertically elongated halite 

crystals with relict growth surfaces defined by vari tions in abundance of minute fluid 
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inclusions (chevron zoning), (2) vertically elongated ha ite crystals lacking zoned fluid inclu­

sions, and (3) halite bedding defined by color changes or y interbeds of mudstone or anhydrite. 

Vertically-oriented halite crystals and crystals with upward-pointing chevron-shaped 

zones of fluid inclusions are abundant. ,Similar features have been observed in modern 

sediments forming by bottom-nucleated growth in shallow brine pools (Arthurton, 1973). 

The regular zonation of fluid inclusions in the chevron halite of the San Andres Formation 

is interpreted by Roedder (1982) as the result of diurnal variation in the rate of brine 

evaporation in extremely Shallow (less than a few feet deep) brine pools. Hall te with abundant 

chevrons is typically white because of the fluid inclusions and presence of anhydrite as the 

dominant impurity. Halite with vertical crystals but lacking abundant chevron structures is 

typically dark colored. This is caused by the presence of minor amounts of reduced gray clay 

and/or traces of organic materials as well as anhydrite. It may also represent slower halite 

precipitation in slightly deeper water. 

Horizontal red, white, and black bands in halite formed· as a result of introduction of 

impurities such as organic material, air- or water-borne dust or anhydrite into the brine pool. 

Thin seams of anhydrite formed during brief pauses in halite precipitation, resulting from 

periodic dilution of the water within the brine pool by the introduction of meteoric? and/or 

marine-derived water concentrated only to gypsum saturation. The underlying halite was 

corroded and pitted on a centimeter scale, and chevron fabrics were truncated. Gypsum was 

precipitated, and as evaporation continued halite saturation was reached and halite precipita­

tion resumed. The effect of continued input of marine-derived brine is that the Br 

concentration in halite with Chevron fabrics is 55 to 82 ppm (average 70 ppm) (Fisher and 

Hovorka, in press), whiCh is about the composition of the first halite precipitated from marine-
I 

deri ved brine. 

Other halite brine-pool fabrics described by Arthutton (1973), such as accumulations of 

hoppers and rafts that formed at the water/air interface, may have been present. However, all 

trace of them has been lost by either recrystallization 0 dissolution. The presence of detrital 
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halite ooids and mud has been documented in moderJ environments (Weiler and others, 1974) 
I 

and might occur in environments were brine-pool hali~e and transported grains of other sorts 

exist. Few examples of possible detrital halite have been observed, hOwever. The brine pools 

intermittently dried up and became exposed halite flats during interruptions of the marine-

derived brine influx. Microenvironments on the dry flat were subjected to either further 

evaporative concentration of the brine, or to partial dissolution and recrystallization of halite 

in contact with fresh water. This produced highly variable Br concentrations (28 to 163 ppm) 

within the aff ected halite (Fisher and Hovorka, in press). Low-salinity water penetrating the 

salt along grain boundaries and vertical fractures dissolved karstic pits and solution pipes and 

favored recrystallization of halite, destroying primary fabrics. Cessation of halite growth 

permitted accumulation of layers and cavity-fillings of red terrigenous mudstone which was 

transported onto the salt surface by eolian dust storms and sheetwash processes. Halite that 

fills shrinkage cracks in these mudstone layers has Br concentrations as high as 342 ppm, 

recording precipitation from the most highly concentrated brines. Repeated episodes of 

wetting and halite dissolution, followed by drying and precipitation of halite as cement and as· 

displacive cubic or skeletal crystals destroyed bedding both in primary halite and in terrigenous 

mudstone. The resulting fabric retains little primary structure and is described as chaotic 

mudstone-hall teo 

The halite part of the cycle does not show well-developed vertical sequence in textures or 

geochemical profile, but is composed of 1- to 4-m thick sequences of alternating zones of clean 

halite with preserved primary fabrics, and zones of ab.undant mudstone interbeds and chaotic 

mudstone-hali te fabrics. 

Terrigenous Clastic Red Beds.--Mudstone, siltstone and very fine sandstone red beds 0.5 

to 2.5 m thick occur at various intervals in the San Andres Formation. The distinction between 

these beds and the thinner red mudstone beds that a e abundant in the halite is arbitrary. 

Thicker red beds represent more significant pulses of astics into the evaporite environment 

and are recognizable on geophysical logs so that they c n be correlated regionally. These beds 
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Soft-sediment microfaulting is abundant in some units •. The color is usually red-brown, due to 

oxidized iron stains in clay, and in clay coats on sand grJins. Some of the sandier red beds, SUCh 
I 

as the "pi marker ," are partly reduced beneath anhydrite or carbonate beds. The resulting light-

gray colors are quite different from the dark, pyritic, anhydritic mudstones at the base of 

cycles. The composition and sedimentary structures of the red beds in the San Andres 

Formation are quite similar to the thicker red bed units of the adjacent Glorieta and Queen-

Grayburg Formations. These are interpreted as events of clastic progradation across the 

evaporite shelf. Red beds are most common within the halite part of the cycle although they 

may occur elsewhere in the cycle. In instances where red beds were deposited at or near the 

top of a cycle, the character of the black mudstone at the base of the next cycle is partially or 

completely imprinted on the red bed, which. has become included in the insoluble residue. In 

suCh cases it is difficult to separate the sediments deposited in eaCh setting. 

Variation From The Ideal Cycle 

Variations from the ideal cyclic facies pattern can be traced in individual cycles in the 

Palo Duro Basin. Two kinds of information can be obtained from these variations. Comparison 

of successi ve cycles in one area provides information on fhe temporal evolution of cyclic style. 

Tracing variations of a single cycle across the basin provides information about depositional 

environments and controls on sedimentation. 

Cycles in the San Andres Formation may differ from the idealized cycle in four ways: (1) 

the initial transgression may not bring normal marine wat r into a gi ven area, so the lower units 

of the ideal cycle may not be deposi ted. Therefore, the ycle may begin wi th dolomite, nodular 

anhydri te or bedded anhydrite above a thin residue, ( ) the cycle may be truncated by a 

transgression before halite deposition had been reached, causing the upper units of the ideal 

cycle to be missing, (3) the halite at the top of the cycle may be completely removed during the 

. . I . 
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Correlation Of Cycles 

Cycles in the San Andres Formation comprise a diverse suite of lithologies including 

siliciclastic, carbonate and evaporite facies, as described in detail above. These lithofacies 

exhibit distinctive geophysical log characters (Handford, 1980; McGillis, 1980; Presley, 1981b; 

Presley and Ramondetta, 1981; Ramondetta and Merritt, 1982; Ruppel and Ramondetta, 1982) 

and individual cycles can be correlated with confidence using gamma ray logs. Other 

geophysical, caliper and sample logs are also used to help discriminate lithologies. 

The key to the recognition of cyclicity and correlation of the San Andres using gamma ray 

logs is the identification of the predominantly siliciclastic insoluble residue that defines the 

base of each cycle. Insoluble residues that define the bases of the com plete, relatively thick 

cycles of the lower San Andres (units 2, 3 and 4) produce characteristic asymmetric signatures 

on gamma ray logs (fig. 40). The log pattern displays, from base-to-top: . a high basal peak 
. . 

(= siliciclastic insoluble residue) sharply set off from the baseline below ,:topped by a gradual 

shift back toward the baseline. 

The insoluble residue-carbonate couplets at the bases of the thin cycles that are 

character!stic of the middle and upper San Andres (combined thickness range approximately 

(0.6-6 m) produce a single sharp gamma peak which cannot be differentiated from the sharp 

gamma peaks produced by terrigenous red beds. The distinction between such abbreviated cycle 

bases and terrigenous red beds on a regional scale requires their identification in core and 

extrapolation to correlative gamma peaks in other well~. 

Four cross sections including well logs prepared through the San Andres Formation across 

the Palo Duro Basin and into adjacent areas show the ivertical repetition and lateral extent of 

cycles (fig. 35-39). The Sharp peaks on gamma ray 10$s that correspond to the bases of cycles 

can be traced on geophysical logs over the entire pr1sent structural limits of the Palo Duro 

Basin over areas of approximately 16,000 to 26,000 kr 2, Some of these base-of-cycle facies 
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are less than 1 m thick, at or below _ the lower ,Emit pf consistent geophysical log resolution. 

Subtle variations in the sequence of salinity control~ed facies that are below the level of 

resolution of geophysical logs can also be correlated between cores across the northern Palo 

Duro Basin. 

Extension of San Andres Formation cross sections from the Palo Duro Basin north into the 

Dalhart Basin and south onto the Northern Shelf of the Midland Basin (figs. 36, 37) suggests 

several extrabasinal correlations. The lower San Andres unit 4- carbonate equivalent to the 

south is the Yellowhouse Dolomite on the Northern Shelf of the Midland Basin, as noted by 

Ramondetta (I982). To the north, a siliciclastic unit occurs sandwiched between the San Andres 

unit 4- carbonate and lowest unit 5 anhydrite correlatives in the Dalhart and Anadarko Basins. 

This has been described by some workers as the Flowerpot shale (Jordan and Vosburg, 1963). 

Since the Flowerpot Formation north of the Amarillo Uplift is directly overlain by the Blaine 

Formation, the Blaine may be correlative with the middle San Andres and unit 5 of the lower 

San Andres (and possibly the upper San Andres) Formation in the Palo Duro Basin. The 

Flowerpot Formation would therefore be equivalent to unit 4- of the lower San Andres in the 

Palo Duro Basin, and the underlying units 2 and 3 as far north as they can be recognized. The 

transgression at the base of lower San Andres unit 4- is unquestionably the event of greatest 

magnitude that occurred during deposition of the San Andres sequence. Unit 4- is the thickest 

individual cycle in the central area of the Palo Duro Basin, and extends further laterally than 

the other cycles of the lower San Andres. The distribution of the lower units 2 and 3 is largely 

confined to the existing structurally defined limits of the Palo Duro Basin. Each appears to 

have been subtly influenced by the Amarillo Uplift belt to the north, and both lose their 

definition eastward on geophysical logs approaching the outcrop belt of the Blaine Formation 

(figs. 38, 39). The unit 4- sillciclastic-carbonate-anhydri~e basal unit, however, continues north 

across the Amarillo Uplift and appears to extend east -nto the Blaine Formation outcrop belt, 

where it is probably correlative with one of the named Baine dolomite members. 
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I Styles Of Cyclicity 

Regional continuity of cycle bases and systematic differences in the vertical distribution 

I of completeness and thickness of cycles permit the ecognition of three discrete genetic 
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packages in the San Andres Formation within the pres~nt structural limits of the Palo Duro 

Basin. The San Andres Formation in the Palo Duro Basin is accordingly divided into informal 

lower, middle and upper units (fig. 4-3). The lower San Andres corresponds to the lower San 

Andres of previous workers, and includes the previously designated units 2-5 (figs. 36-39, 4-3). 

These cycles possess a complete vertical facies sequence from the basal insoluble residue to the 

upper halite •. Units 2,3 and 4- are, in core from Swisher County, the most complete cycles and 

are characterized by a thick burrowed normal marine limestone in their lower part and a well 

formed halite section in the upper part. Each unit can be considered a single genetic sequence 

eXhibiting a simple pattern of increasing salinity: mudstone insoluble residue, limestone, 

dolomite, anhydrite, and halite. Examination of core allows the identification of a smaller 

scale salinity fluctuation during the carbonate deposition of units 3 and 4-. This is expressed as 

lower and upper regressi ve (salinity increasing) sequences in cores near the structural basin 

I center (Swisher, Randall and Deaf Smith Counties). The lower sequence culminates in 
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anhydrite, whereas the upper sequence continues on through anhydrite into the thick halite of 

the upper part of the cycle. In unit 4-, the carbonate of the lower regress! ve sequence is thin 

and dolomitic. Textural evidence indicates that it was ¢leposi ted under hypersaline conditions 

that were terminated shortly after the time of gypsum saturation. by transgression of the 

normal marine water, initiating the upper sequence (fig. 4-1). The thicknesses and inferred 

salinities of the lower and upper regressi ve sequences of unit 3 are s.imilar to each other in most 

cores. Unit 2 was only cored once (DOE-Gruy Federal 1.1" 1 Grabbe) and appears to represent a 

simple, single cycle. . .. 

i 

Unit 1 of the lower San Andres Formation, identified by Presley 0979a, figs. 27 and 29; 

1980, fig. 9; 1981a, fig. 21; Presley and Ramondetta, 1981, fig. 4-0) is best expressed on 

geophysical logs near the southern margin of the Palo Duro Basin. It cannot be differentiated 
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from the Glorieta Formation style of alternation of rerbedS and halite in the northern part of 

the basin. It probably represents a minor transgressi n whose influence did not extend far 

enough north in the basin to produce a recognizable faci s change in available cores. 

The composite nature of the lower San Andres unit 5 is apparent throughout the northern 

Palo Duro Basin (fig. 44). The character of this unit is transitional between the cycles of the 

lower and middle San Andres genetic sequences. The tl11ick halite bed at the top of the unit is 

like those of units 2, 3, and 4, whereas the composite nature of the lower non-salt facies of the 

unit is similar to those of the middle San Andres interval. Unit 5 is a composite of four or five 

incomplete cycles: an initial transgression lowered the salinity only to anhydrite saturation and 

produced a thin basal residue, which is often not evident on geophysical logs. This sequence was 

then truncated by a transgression which deposited ripple laminated dolomite in Deaf Smith 

County, and nodular and bedded anhydrite with halite pseudomorp~s after gypsum throughout 

the area. This was truncated in turn by a third transgression which wavered between'dolomite 

and nodular anhydrite deposition before producing bedded anhydrite with pseudomorphs after 

gypsum and finally halite. The lower two cycles probably deposited some halite which was 

removed in the western part of the basin by each SUCCjSSi ve transgression. Evidence for the 

former presence of halite is: (l) the presence of fab~ic similar to that characteristic of the 

transition between the anhydrite and overlying halite incomplete cycles, (2) the influence of 

halite-saturated brines on the diagenesis of the anhydrite, notably the halite pseudomorphs 

after gypsum, and (3) the presence of black anhydritic mudstone insoluble residue. 
I 

Cycles of the lower San Andres genetic sequence lare relatively thick (units 2-5 together 

comprise approximately just over half of the total thickness of the San Andres in the basin 

center). The existence of relatively thick carbonates at the bases of these cycles implies 

prolonged episodes of open circulation and near-normal marine salinity at moderate water 

depths (several meters?). SUCh circumstances might e most likely to develop as carbonate 

production kept pace with basin subsidence during transg essi ve events. 
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The middle San Andres unit corresponds roughly to he largely anhydritic lower half of the 

upper San Andres recognized by previous workers (figs. 36-39, 43). Cycles of the middle San 

Andres are relatively thin and incomplete, compared to those of the lower San Andres. Halite 

is not preserved, but its former existence is inferred fro~ the insoluble residues that define the 

! 

bases of the abbreviated vertical cyclic facies sequenc¢s. The lower and middle San Andres 

genetic units exhibit a common fundamental cyclic pattern of vertical facies sequences, if the 

former existence of halite in the middle unit is assumed (fig. 45). The thin, abbreviated cycles 

of the middle San Andres tl}erefore suggest a change in the tempo, rather than the mode of 

cyclic depositional style. This change in tempo may have been caused by a lowering of basin 

subsidence rate, increased frequency of eustatic sea level change, or both, as explained below. 

The much thinner carbonates of the middle San Andres must have been deposited over 

shorter time spans than the ~hick carbonates of the lower San Andres, assuming that these 

equivalent facies accumulated at similar rates. This implies that conditions of open circulation 

and _near-normal marine salinity were significantly shorter for the middle San Andres sequence. 

An increased frequency of eustatic sea level change in the middle San Andres would have 

shortened transgressive intervals of near-normal marine salinity, without requiring a change in 

regional basin subsidence rate from that of the lower San Andres. Alternatively, a regional 
;. 

decrease in basin subsidence rate during the middle San Andres interval could have produced the 

abbreviated cycles, without requiring a change in the frequency of eustatic sea level fluctuation 

from that of the lower San Andres. If the basin subsidence rate was less than the rate of 

carbonate production during normal-marine transgressive events, the seafloor would rapidly 

aggrade, effectively restricting circulation and promoting evaporite deposition. High carbonate 

production in a regime of low basin subsidence rate is thus a self-limiting process, producing a 

relatively thin carbonate unit before the onset of evapor-te deposition. If the basin subsidence 

rate remained less than the rate of subsequent evapori e sedimentation, the evaporite facies 

presumably would also rapidly aggrade to its upper limit, at sea level. A thin halite upper unit 

would have been particularly susceptible to complete dis olution during the transgressive, near-
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normal marine phase initiating the next cycle. In sum ary, the change in tempo of cyclicity 

that produced the thin abbreviated cycles of the middle an Andres could have been effected by 

an increased frequency of eustatic sea level change I and/or a regional decrease in basin 

subsidence rate, both relative to conditions that produceq the lower San Andres sequence. 

The'upper San Andres genetic sequence corresponds roughly to the halite-bearing top half 

of the upper San Andres division recognized by previous workers above the pi-marker bed 

(figs. 36-39, 4-3). Cycles of the upper San Andres are characterized by thin basal carbonate-

anhydrite units very similar to those of the middle San Andres sequence, yet hallte upper units 

are also preserved. Moreover, prominent, relatively thick red beds are interspersed throughout 

the upper San Andres interval (fig. 4-6). The upper 50 m of the upper San Andres contains no 

black mUdstone, carbonate or anhydrite within the halite and red beds" so cycles are not 

identifiable. Again, the fundamental mode of cyclicity appears to be the same as that of the 

lower and middle San Andres sequences, but the tempo differs from both. A pronounced 

asymmetry of eustatic sea-level fluctuations relative to the lower and middle San Andres, 

superimposed on a relatively constant regional basin subsidence rate, might produce such 

cycles. A rapid transgressive pulse followed by a prolonged regressive phase would produce a 

cycle with thin basal non-salt units and a relati vely thick halite upper unit, providing the basin 

subsidence rate was high enough to preserve them. Alternatively, fluctuating regional basirl 

subsidence rates relative to those of the lower and middle San Andres, superimposed on 

symmetric eustatic changes in sea level, could produce the same effect. A basin subsidence 

rate which is slow 'relati ve to the rate of carbonate production during transgression would result 

in rapid vertical aggradation of thin basal carbonates, causing restricted circulation and 

promoting evaporite deposition. A rise in basin sUbsidenfe rate during the phase of regression 
! 

and evaporite deposition could preserve relatively thick halite faciesoveriying relatively thin 

carbonate facies. However, fluctuating basin sUbsidenc\e rates alo~e or even in combination 

with asymmetric eustatic Changes in sea level are unli ely to have produced the upper San 

Andres sequence. Both circumstances require the coupI' ng of low basin subsidence rate with 
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transgression, and high basin subsidence rate with regression. This seems unlikely to produce a 
. ' 

I 

repetitive sequence because of the presumed independente of these parameters. 

The marked increase in thickness and frequency of red beds in the upper San Andres 

interval appears to be genetically unrelated to San Andres cyclicity. These clastic interbeds 

are lithologically very similar to the overlying Queen-Grayburg red bed sequence and are 

probably each minor pulses that presage the major Queen-Grayburg progradation. This clastic 

influx may represent a reactivation of tectonism in th¢ source area, or a regional change of 

continental clastic dispersal patterns. 

Lateral Facies Relationships And Depositional Systems 

Lateral facies relationships in the San Andres Formation can be studied both within and 

I between lithofacies, and at regional and . local scales. Each perspective contributes to our 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

understanding of different facets of the San Andres depositional system--an environmental 

complex with apparently no close modern analog. 

Regional-scale lateral lithofacies changes within cycles of the San Andres Formation were 

largely controlled by lateral salinity gradients that developed across the broad depositional 

shelf during the regressive phase of each cycle. Within-cycle lateral facies changes from halite 

to anhydrite are evident along the southern margin of the Palo Duro Basin, just north of the 

Matador Arch (figs. 36, 37; Presley and Ramondetta, 1981, fig. l.j.O). This large-scale facies 

change, seen in nearly all cycles, presumably reflects decreasing salinity southward in the Palo 
I 

Duro Basin caused by the influx of normal marine wate~ from the Midland Basin. Analysis of 
I 
! 

these facies Changes caused by salinity gradients across tte shelf are based on geophysical logs. 
I 

Textural details of the nature of these Changes are not I available because of the lack of core 

data. The DOE San Andres Formation cores are in the northern part of the Palo Duro Basin and 

patterns of facies Changes due to north-south dip-orient~d salinity gradients are not evident in 

this region. Textural evidence pertaining to subtle differ nces in facies shOWS that sedimentary 

conditions were quite similar over areas spanned by avail 
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Tongues of terrigenous red beds increase in fre uency and thickness to the north in the 

upper San Andres sequence, reflecting both greater p oximity to the continental source area 

and early pulses of Queen-Grayburg sedimentation. These red beds appear to be genetically 

unrelated to the typical San Andres cyclic facies seq~ence, and their occurrence is probably 

extrinsically controlled. Since eaCh red bed unit may be viewed as a virtually isochronous event 

independent of cyclicity, the relation of individual red beds to underlying cyclic facies allows us 

to evaluate the lateral and temporal distributions of the evaporite facies tracts. 

The "pi-marker" at the base of the upper San Andres genetic sequence is the most 

regionally persistent red bed unit in the San Andres Formation and is recognizable over the 

entire Palo Duro Basin area. It consistently overlies an anhydrite sequence, which is visible in 

all cored wells and is recognizable on all examined geophysical logs. This relation shows that 

similar depositional conditions existed across the entire basin at that time. Within our limits of 

resolution, single evaporite lithofacies units appear to be virtually isochronous and replace each 

other in vertical, rather than lateral succession. This s\tlggests that during the regressi ve pl:\ase 

of each cycle, environmental Changes, mainly salinity, occurred nearly synchronously across the 

entire basin. Subtle differences between bedded anhydrite in the DOE-Stone & Webster III 

Detten core, nodular anhydrite in the DOE-Stone & Webster G. Friemel and DOE-Stone & 

Webster Harman cores, and dolomitic laminated anhydr~te in the DOE-Stone & Webster -Zeeck 
, 

core beneath the pi-marker record local variations (fig. 45). These variations are attributed to 

temporary local environmental conditions rather than to control of the facies tract by a 

regional salinity gradient, because the pattern is different in each cycle. The thin cycle above 

the pi-marker is another example. It begins with anhydr~te deposition but records an increasing 

normal marine influence so that dolomite was produced before regression began. The dolomite 

indicati ve of maximum transgression occurs in all well , but varies in thickness, texture, and 

amount of burrowing. In the Detten core the dolomite i grainstone/packstone and is thick and 
I, 

burrowed; in the G. Friemel core it is a thin grainstonjmudstone couplet; in the Harman and 

Zeeck cores it is ripple-laminated dolomite mUdstone/rckstone with nodular anhydrite. The 
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sedimentary conditions at each well are again interpret d as due to temporary local conditions, 

and are not consistent in vertical pattern. For example. among the cored wells the Detten core 

Showed the influence of highest salinity in the cycle below the pi-marker, yet records the 

apparent lowest salinity at maximum transgression in the cycle above the pi-marker. 

Although such detailed studies of variation within lithofacies units cannot be traced 
i 

• I 

outSIde of the area of core control, the lateral continuity of these lithofacies is apparent 

throughout the Palo Duro Basin. 

The basin-wide lateral continuity of individual cyclic lithofacies has been demonstrated 

based on geophysical log correlation (figs. 36-39). Textural evidence for corresponding 

lithofacies, provided by core, documents br9adly uniform, predominantly subaqueous deposition. 

these complementary lines of evidence both pertain to the depositional systems complex of the 

San Andres Formation. The depositional surface at the start of each cycle must have been an 

extremely broad shelf with negligible topographic relief. The cyclic lithofacies are largely 

subaqueous sediments, deposited in a very shallow yet regionally contiguous water body. With 

few exceptions, most of the evidence for intermittent sl..lbaerial exposure occurs in the halite 

facies deposited in the late regressive phase of each cycle. The apparent isochroneity of 

laterally extensive cyclic lithofacies units suggests rapid sedimentary responses to likewise 

rapid sequential salinity Changes that affected nearly the entire depositional basin. The San 

Andres depositional p~atform appears to have been both broad enough an'd possessed a low 

enough slope so that minor Changes in depth of the shallow water column exerted profound 

effects on circulation patterns, which in turn controlled water salinity and facies development 

over the entire platform. 

The San Andres Formation is characterized by a depbsi tional style perhaps best described 

as "uniform ," both in terms of vertical cyclic repetition nd lateral extent of individual units. 

this relative depositional uniform ity sugges ts overall regi nal tectonic quiescence, particularly 
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with respect to the earlier middle Carboniferous oroge1ic episode that affected the Texas and 

Oklahoma Panhandles. I 

On a gross scale, patterns of sedirrientation in the ~an Andres Formation of the Palo Duro 

Basin can be readily conceptualized as functions of a dynamic interplay between rates of 

eustatic sea level change, regional basin subsidence, and sediment aggradation on a broad, low 

slope, low relief depositional platform. In addition to these primary factors, increasing 

evidence suggests a subtle, yet active structural influence overprinted on San Andres sequences 

both within the Palo Duro Basin and along its margins. Several examples of possible structural 

influence on San Andres deposition are presented below. 

As noted previously, the distribution of relative thicknesses of cycles in the three San 

Andres genetic intervals suggests the possibility of episodic Changes in regional basin subsidence 

I 
rate. Non-uniform lateral Changes in the thickness of individual non~salt cyclic lithofacies 

(insoluble residue + carbonate + anhydrite) are repeated in successive cycles of the lower and 

I upper San Andres genetic sequences. Most prominent is a trend of thickening over the 
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Whittenburg Trough, which is' a structural low on the Precambrian basement fronting the 

Amarillo Uplift. Thickenings of non-salt facies this far north in the basin are unexpected 

because of the (inferred) rapid development of lateral salinity gradients ac:ross the basin during 

each cycle. However, such thickenings might well have been accommodated by high local rates 

of subsidence during the transgressive phases of cycles. Many of the local thickenings occur 

over structural lows on basement, so it seems likely th~t local differential subsidence rates 

were controlled by recurrent motion on faults at depth. 

The northern depositional edges of the non-salt facies of lower San Andres units 2 and 3 

terminate against the southern margin of the Amarillo Uplift, wnereas unit 4 and cycles of the 

middle San Andres genetic sequence continue north across the uplift. The Changing depositional 

limits of these individual cyclic facies may represent eith r the relative ;nagnitudes of eustatic 

sea level Changes, intermittent structural activity and ev lution of topographic relief along the 

northern basin margin or a combination of both. 
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The effect of structure on sedimentation in ind vidual cycles can be seen by comparing 

the DOE-Stone & Webster 111 Mansfield core, from a s ructurally complex area adjacent to the 

Amarillo Uplift, witn other cores (figs. 4-1 and 4-6). Ind vidual cycles traced from other cores to 

the III Mansfield core often show textural features inpicating either a more hypersaline or a 

more normal marine local depositional environment, or are similar. For 'example, the lower San 

I Andres unit 4- carbonate is recognized, in most cases, as a composite. An incomplete lower 

cycle culminates in nodular, or less than a meter of bedded anhydrite, indicating that the 
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salinity may have reached gypsum saturation. A complete upper cycle is also present with 

normal marine limestone at its base. The lower cycle in the III Mansfield core is thicker than 

elsewhere and complete, culminating in several meters of bedded anhydrite and halite. 

Apparently, during the most hypersaline part of this cycle, the area represented by the 111 

Mansfield core was both more restricted and accumulated thicker sequences of sediment. 

Differential movement of isolated fault blocks might e~plain this apparent paradox. Relatively 

uplifted blocks may have acted as local barriers that restricted circulation, while adjacent, 

relati vely downdropped blocks subsided more rapidly allowing the accumulation of a thicker 

sedimentary pile. Alternatively, gypsum and halite may have been deposited in the lower unit 4-

cycle in the III Mansfield and While the transgression that initiated the overlying unit 4- cycle 

had begun elsewhere. 

An example of lower salinity in the area of the III Mansfield well, as compared to other 

areas, is seen in the third upper San Andres cycle (fig. 4-6). This cycle in other cores is 

dominantly nodular and laminated anhydrite. In the III Mansfield core, it is dolomite. 

Burrowed grainstone in the lower part of the cycle supports the interpretation that the 

depositional environment of this cycle was high energ1 and nearly normal marine in the area 
I 

represented by the Mansfield core. Elsewhere, restrictted gypsum-precipitating environments 

exis ted. 
i 

Similar variability is eXhibited by the halite unitt in the III Mansfield core. The cycle 

immediately above the pi-marker is regionally a comPlre cycle, but in the III Mansfield core 
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exhibits the reverse trend--it possesses a thicker hali e section than the correlative cycle in 
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other cores. These variations in the thickness of corre~ati ve halite facies are more difficult to 

interpret than similar variations in non-salt facies. This is because it is not yet clear to what 

extent these differences in halite thickness are due to variations in the' rate of halite 

deposition, dissolution of halite during subaerial exposure at the end of the cycle, or dissolution 

during the transgression initiating the next cycle. 

Structural Influence on Deposition (Fracasso) 

Given an initial variable topography of the depositional surface, non-salt facies are 

expected to thin over topographic highs and thicken in topographic lows. This is because 

depressions maintain more normal marine conditions for longer periods of time than topographic 

highS. Extended periods of near normal marine salinities in depressions produce greater 

thicknesses of sediments in two ways: (1) enhanced early post-depositional dissolution of 

underlying halite produced thicker basal siliciclastic insoluble residues, (2) populations of 

skeletonized marine organisms can be supported for longer time periods, thus producing thicker 

accum ula tions of car bona tes. 

An initially variable depositional topography may be static (inherited from prior events) or 

maintained through time by contemporaneous structural activity (recurrent movement of fault 

blocks). A static, topographically variable, depositioral surface is expected to produce a 

vertical sequence in which lateral thickness changes in slllccessive cycles gradually decrease, as 

the depressions fill in. Prolonged expression of depositional topography by continued structural 

activity will produce a vertical sequence in which lateral thickness Changes are maintained 

bet ween successi ve cycles. 

Structurally controlled, areally variable subsidenc rates are also expected to produce 

lateral thickness Changes in non-salt facies, without req iring initial differential relief on the 

depositional surface. Short-term rates of organic carbo ate production generally exceed basin 
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subsidence rates (Sadler, 1981; Wilson, 1975). Thus rganic carbonate sediments tend to 

aggrade vertically, promoting restriction of circulatio , increasing salinity, and initiating 

evaporite sedimentation. Local basin subsidence rates t at are high enough (fault controlled?) 

to match or exceed the rate of carbonate production wi~l permit vertical aggradation without 

Shallowing. Thus equable conditions for organisms are maintained and greater thicknesses of 

carbonates may accumulate locally. Prolonged maintenance of differential subsidence rates 

will produce a vertical sequence in which significant within-cycle lateral thickness changes 

persist between successive cycles. Cessation of differential subsidence rates. will produce a 

vertical sequence in which within-cycle lateral thickness changes decrease between successi ve 

cycles. 

Differential compaction over preexisting structures beneath the depositional surface will 

complement the effect of differential subsidence rates. Greater compaction and thicker 

sediment accumulations will occur over structural lows. Differential compaction and differen-

tial basin subsidence rates have the same effect on sedimentation: accumulations are thicker 

over structural lows, and these thickenings are maintained between successi ve cycles as long as 

the structural control is active. Once structural movement ceases, within-cycle lateral 

thickness changes decrease between successi ve cycles as the structural low.s fill. 

The Observed Patterns 

Figures 47, 48, and 49 are graphs of the thickness of selected non-salt cyclic facies units 

along the correlation sections B-B' (fig. 39), C-C' (fig. 36) and 0-0' (fig. 37), respecti vely. The 

present structural elevations of the 'IT-marker and the base of lower San Andres cycle 4- are also 

plotted for reference and comparative purposes. Several relations are readily apparent. Lower 

San Andres cycles 2, 3, 4- and the interval designated as u per unit 1 exhibit remarkably similar 

patterns of lateral thickness changes across the Palo Duro Basin. These are quite distinct from 

tne relatively uniform interval designated as middle an Andres unit 1. This apparent 

separation of thickness trends at lower, middle and up r stratigraphic levels supports the 
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Lower cycles 2, 3, 4 and upper unit 1 thin uniffrmly to the north across the Palo Duro 

Basin proper in dip section C-C' (fig. 48). Cycle 1-3 and unit u-1 then thin noticeably over the 

Bravo Dome, whereas cycles 1-2 and 1-4 show no appreciable Change in trend over this feature. 

Cycles 1-2, 1-3 and unit u-1 all thicken further north in the Whittenburg Trough, whereas cycle 

1-4 shows no appreciable Change in trend over this feature. Cycles 1-2 and -1-3 are then 

abruptly truncated over the Amarillo Uplift. Cycle 1-4 shows no apparent Change in trend over 

the Amarillo Uplift, and maintains a constant thickness to further north in the Dalhart Basin. 

Unit u-l continues to thicken from the Whittenburg Trough over the Amarillo Uplift and into 

the Dalhart Basin, where it then reverses trend and again thins to the north. The unit m-1 

maintains a relati vely constant thickness across the Palo Duro Basin and over the afore-

mentioned structures before thinning in the Dalhart Basin. These observations imply that along 

this section line the Bravo Dome influenced deposition of cycle 1-3 and unit u-l; the 

Whittenburg Trough influenced the deposition of cycles 1-2, 1-3, and unit u-1, and theAtn;arlllo 

Uplift truncated the deposition of cycles 1-2 and 1-3. 

Cycles 1-2, 1-3, 1-4 and unit u-1 all exhibit abrupt thickenings to the south that 

presumably mark the San Andres Shelf-edges. These rapid thickenings imply that the shelf to· 

basin transition was abrupt. The 1-2 and 1-3 thickenings are approximately 10 miles north of 

the 1-4 and u-1 thickenings, implying southerly progradation of the San Andres shelf margin. 

In a second dip section, Transect 0-0' (figs. 37, 49), cycles 1-2, 1-), 1-4 and unit u-1 thin 

uniformly to the north in the southern and central port]ons of the Palo Duro Basin. However, 

cycles 1-2, 1-3 and 1-4 then thicken abruptly further, north in a zone fronting the Amarillo 

Uplift, whereas unit u-l is truncated in this zone. C Yclt 1-3 is next truncated at the southern 

edge of the Amarillo Uplift, whereas 1-2 and 1-4 thin abruptly but continue over the Uplift. 

Cycle 1-4 displays a variable thickness trend into th Anadarko Basin, whereas 1-2 thins 

abruptly and disappears early. Unit m-l maintains a constant thickness over the entire 
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region, apparently unaffected by these structures. H~wever, it begins to thin abruptly just 

north of the Amarillo Uplift in the Anadarko Basin. I 

All the intervals thicken abruptly in the south, presumably reflecting the positions of San 

Andres shelf margins. Cycle 1-3 thickens further north than cycles 1-2 and unit u-1, and cycle 

1-4 and unit m-l thicken still further to the south. Shelf margin thickenings along this transect 

thus exhibit an oscillatory pattern through time, rather than a single progradational trend as in 

Transect C-C (fig. 48). 

An E-W strike section (Transect B-B', figs. 39, 47) is more difficult to interpret. Cycles 

1-2 and 1-3 show quite similar patterns of thickness change over their entire extent, whereas 

the other units display variable patterns. Cycles 1-2, 1-3, 1-4 and possibly unit m-l shOw 

marked thickenings to the west in northern Deaf Smith County. Unit u-1, however, thins 

slightly in this area. Cycles 1-2 and 1-3 thin abruptly over a small area in northeastern Randall 

County, but the other intervals show no Change in trend in this area. Cycles 1- 2, 1-3, 1-4 and 

possibly unit u-1 show a distinct thinning in the area of central Armstrong County, then thicken 

to the east in Donley County. Cycles 1-2 and 1-3 then thin uniformly east into Collingsworth 

County, whereas units m-l and u-l appear to thicken, and cycle 1-4 ~aintains a constant 

thickness. Unit m-1 shows a marked amount of lateral thickness variation in this strike section 

whereas unit u-l maintains a nearly constant thickness. This is quite different from the trends 

of each of these units in both dip sections. 

In summary, none of the units studied show a uniform trend of thinning from south-to.! 

north, as predicted by the no-structural influence, no-topographic relief depositional model. 

Moreover, the rather complex vertical patterns of successive within-cycle lateral thickfless 

Changes do not conform to the inherited, static to ographic relief or static differential 

compaction models. These Changes conform more closely to model of intermittent active 

structural influence on patterns of sedimentation throu hout the time of deposition of the San 

Andres Formation. In general, the lower and upper S n Andres genetic units appear to have 

been more strongly influenced by structural activity t~an the middle San Andres unit. The 

38 



I 
I construction of more transect lines, isopach maps or eaCh of intervals considered, and 

incorporation of more stratigraphic intervals will allow few more refined spatial and temporal 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

segregation of acti ve structural influences on San Andr s deposition in the Texas Pannandle. 

! 

Correlation of Halite, Units 40 anq 5, Deaf Smith County, Texas (Hovorka) 

Recurring sequences have been observed within halite units of the San Andres Formation. 

Detailed logging has identified 1 to 3 meter-thick zones which are traceable among the three 

Deaf Smith County DOE wells (figs. 50, 51). Tecnniques employed include visual estimation of 

0) composition, (2) sedimentary structures, (3) dominant salt type based on textural classifica-

tion of halite, and (40) location, composition and thickness of all interbeds or partings within 

hall teo 

Figure 50 shOWS an example, from the unit 5 halite, of two thin anhydrite beds which are 

correlatable in the three wells. Comparison of the cores shows the continuity of thin units over 

large areas; it also shows that some facies variations ~re present. For example, the thicker, 

lower anhydrite bed in the II 1 J. Friemel and III Detten cores· overlies several thin mudstone 

partings. In G. Friemel, however, there is no mudstone below the anhydrite but three partings 

overlie it. 

Figure 51 shows one of a number of sequences lin unit 40 that contain clean, slightly 
I 

anhydritic salt with good primary fabric overlain by abundant mudstone beds and zones of 

chaotic mudstone-halite rock. the individual mudstone and anhydrite partings are not 

correlatable between wells, but the zones in which they are concentrated can be correlated. 

This kind of correlation is possible through all of unqs lj. and 5 in Deaf Smith County and 
Ii 

preliminary logging suggests that similar zones can be correlated in Swisher County. The most 

difficult zone to correlate is the upper 10 feet of halite it eaCh cycle. 

The observation that zones which reflect subtle v~riations in the halite environment can 

be correlated from well to well indicates that the factor controlling facies in the halite affect 

large areas. Halite deposi tion did not take place in isolared brine pools but, like the underlying 
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carbonate and sulfate parts of the cycle, were deposite in a shallow but extensive water body. 

Detailed logging of San Andres Formation units 4- and in other cores is expected to provide 

information on possible causes of facies changes within the halite. 

Episodes of prolonged exposure occurred periodica.lly during halite deposition. Towards 

the end of deposition of some cycles (especially in the upper San Andres Formation), the chaotic 

mudstone-halite mixture became predominant, indicating that episodes of exposure were more 

frequent or more prolonged as maximum progradation occurred. Mudstone-halite mixtures are 

transitional upwards into fine arkosic sandstone deposited in terrestrial environments (Queen 

Grayburg Formation). 

Textural Classification of Halite (Hovorka) 

Understanding of the origin of various fabrics i_n bedded and diagen~tic halite has allowed 

development of a descripti ve textural classification which can be used in constructing genetic 

interpretations. 

Halite is classified based on examination of slabbed core, however, geOChemical and 

petrographic studies have aided in the development of this classification. Halite classification 

is based on crystal size, crystal shape, amount and composition of impurities, distribution of 

fluid inclusions, and characteristic sedimentary structures. Eight classes have been recognized. 

These include fabrics ranging from those that originated as primary brine-pool precipitates to 

those formed during diagenesis. 

Fabrics used to classify halite and the resulting eight classes are shown in Table 3. Each 

halite type is identified by a letter symbol and a type name. Typical crystal size, shape, 

composition and location of impurities, and fluid inclusion distribution are given for eaCh type. 
, 

I 

The associated halite types, a summary of identifying ctjlaracteristics, and a sketch of typical 

fabric is shown. The first five classes (Chevron-halite ock, color-banded/vertically-oriented 

halite rock, chaotic mudstone-halite rock, recrystallized muddy halite rock, and recrystallized 

anhydritic halite rock) are fabrics arranged, left to right from those showing the most primary 
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fabrics to those showing the most altered fabrics. The remaining three classes of halite 

(displacive halite, cavity-filling halite cement, and fi .ous fracture-filling, halite cement) are 

fabrics produced by halite introduced into sediments during diagenesis. 

Chevron-hali te rock is characterized by abundaht, minute (less than 50 micron) fluid 

inclusions. Most crystals are elongated in a vertical direction, probably a result of com petition 

for space. Truncation surfaces are visible as anhydrite partings. Anhydrite, in intercrystalline 

positions as well as in partings, is the most common impurity in chevron halite. It typically 

comprises 1 to 5% of the rock and, in combination with the abundant fluid inclusions, imparts a 

conspicuous white color to the rock. 

The fabric of chevron halite, in almost all examples, has been disturbed by recrystal-

lization along grain boundaries and by formation of karst pipes and pits. Karst pits are several 

centimeters wide and 10 cm to as much as two meters deep. SUCh pits can be recognized as 

areas where primary fabrics have been dissolved and the cavity filled with coarse, clear halite 

cement and/or concentrations of siliciclastic mudstone. The floors of pits are blanketed with 

anhydrite or mudstone left as a residGe 'when the halite was dissolved. Pipes are narrow 

(l cm wide), anastomosing, vertical flaws in tne halite where halite w~s recrystallized or 

dissolved, presumably along fractures which have now been healed. Pits and pipes appear to 

have been superimposed on brine-pool fabrics during epi~odes of drying in which the nalite was 

I 

exposed to corrosion by meteoric water. Many but not all pits and pipes can be traced upward 

to mudstone beds wnich are believed to nave been deposited on the surface during the formation 

of pits and pipes. 

Color-banded/vertically oriented, nalite rock rese bles cnevron-halite rock in the abun­

dance of anhydritic partings and the vertical elongatio of the crystals, but the minute fluid 

inclusions, and the chevrons they define, are absent. 0 rk color due:to trace amounts of day 

and organic material is typical; variations in the Inten 'ty of the color define bedding (color 

banded). Vertically oriented crystals, anhydrite part~ngs, and color bands are commonly 

associated. Color-banded/vertically oriented, halite roc~, like Chevron-halite rock, originated 
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abundant pits and pipes. i 

Chaotic mudstone-halite rock is com posed of mtses of siliciclastic mudsto.ne between 

relati vely coarse, euhedral to anhedral halite crystals. No bedding is preserved and the origin 

of this fabric is, in many examples, enigmatic. .A model for formation of chaotic mudstone-

halite rock has been developed based on examination of intervals in which some texture is 

preserved. The parent material was color-banded/vertidally oriented or chevron-halite rock. It 

is believed that extensive alteration during prolonged exposure resulted in destruction of most 

primary fabric by the formation of pits and pipes and recrystallization of halite. Mudstone 

accumulation was favored by several factors. (1) The dry condition of the flat prevented 

precipitation of halite, but input of fine siliciclastic material, probably fallout from dust 

storms, continued in this environment. Slliciclastic silt and clay is present in all lithologies; it 

could concentrate due to the absence of evaporite formation on the dry halite flat environment. 

(2) The dry condition of the flat favored transportation of siliciclastics by fluvial and sheetwash 

processes. (3) Impurities in the halite were concentra~ed at the surface and on pit floors as 
I 

halite dissolved. Any or all of these processes may result in accumulation of mudstone at the 

surface and within pits. A second process contributing to the development of chaotic disrupted 

fabric in chaotic mudstone-halite rock is displacive growth of halite crystals within the 

sediment. Tl1is kind of halite precipitates when halite-bearing waters of either marine or 

meteoric origin evaporate. Repetition of the sequence of pipe and pit formation followed by 

precipitation of displacive halite produces the chaotic fabric characteristic of chaotic mud-

stone-hali te rock. 

Recrystallized, muddy, halite rock is a catch-all class for halite with no identifiable 

primary fabric and no evidence of the kind of intense a teration which has affected chaotic 

mudstone-halite rock. .A minor amount (l to 10%) udstone is present, but it was not 

concentrated in pits or in beds. The origin of this fabric s not clear, and possibly all intervals 
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some cases, formed from color-banded/vertically oriente halite which recrystallized under the 

influence of waters penetrating along grain boundaries 0 along now obscure fractures. In other 

cases, a minor amount of claystone or gypsum co-deposited with halite may have released 

enough water during diagenesis to recrystallized halite.1 It is possible that some halite may 

have been deposited lacking fabrics recognized as prirrlary, and would therefore fall in this 

class, even though it never underwent recrystallization. 

Recrystallized anhydritic, halite rock is the equivalent of recrystallized, muddy, halite 

rock with mudstone lacking or concentrated in scattere.d spots. Much of it appears to have 

formed due to recrystallization of chevron-halite rock. A few scattered intervals have a 

salmon-pink color, suggesting that the invading waters may have altered a few percent gypsum 

or anhydrite to polyhalite. The mineralogy of these intervals has not been determined by· 

petrography or geochemistry. 

Displacive halite, in contrast to the halite rock typ¢s discussed previously, comprises only 

a minor element in nonhalite lithologies. Displaci ve halite is a common constituent in mudstone 

and siltstone beds, especially those associated with halite rock. Displacive halite also occurs in 

anhydrite beds within, beneath, or overlying halite rocks, and in a few locations is found within 

carbonate rocks close to halite. Displacive halite forms cubes, slightly skeletal crystals (hopper 

crystals), and extremely skeletal crystals. 

Halite, cavity-filling cement is most abundant i~ karst pits. In these locations the 

crystals can be extremely coarse, in many examples larger then the 10 cm core width. In some 

examples, the presence of a pit is deduced from the presence of an interval of very coarse 

halite. The halite, cavity-filling cement is typically cle r, clean halite, with large fluid and 

vapor.,.filled inclusions .. Impurities associated with the ha ite are the insoluble residue material 

which typically defines the pit floor and anhydrite and mudstone which fell into the pit as 

cement was precipitating. Halite cement is abundant in ther lithologies, especially sandstone 

and carbonate grainstones. 
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Fibrous, fracture-filling halite cement is common throughout the halite section, especially 

in mudstone interbeds within halite rock. It also occurs within fractures in carbonate rocks and 

dark anhydritic mudstone beds at the base of cycles. Halite-filled fractures do not occur in 

anhydrite beds, apparently because any fractures whidh developed were healed by anhydrite. 

Fibrous, fracture-filling halite is very similar in appearance in all lithologies. It characteristi­

cally has a deep orange color. All fractures have a vertical orientation and fibers are oriented 

normal to fractures. Most do not appear to widen upward toward paleo-surfaces, indicating 

that they are formed in the subsurface. A few examples examined in thin section are 

tentatively interpreted to have formed later than most diagenetic features such as multifaceted 

dolomite and anhydrite, but before precipitation of these phases ceased, timing fibrous halite 

precipitation as the last early diagenetic process. 

Quartermaster and Dewey Lake Formations 

Volcanic Ash Beds (Kolker and Fracasso) 

The age of the Quartermaster and Dewey Lake Formations of the Permian Basin is 

problematic. Although they are generally considered Late Permian in age, the possibility of an 

early-to-middle Triassic age has also been raised. The discovery of vols:anic ash beds in the 

Quartermaster and Dewey Lake Formations of the Palo Duro Basin, radiometrically dated as 

Late Permian, contributes to the resolution of this ambiguity. 

The lithologically correlative Quartermaster (Texas and Oklahoma Panhandle outcrops), 

Dewey Lake (Panhandle and Midland Basin subsurface), and Pierce Canyon (Delaware Basin 

outcrop and subsurface) Formations (fig. 2) are progradational continental red-bed sequences 

that represent the culmination of a regional, cyclic trend of marine regression from the 

Permian Basin which had begun in the early-to-middle ermian (Klng,1942). The age of these 

units is questionable because they are unfossillferou --presumably because of deposition in 

extremely inimical (arid/evaporitic?) physical environ ents. They are conformably underlain 

by the Rustler Formation in the Delaware and Basins and the presumably correlative 
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informal Alibates succession in the Palo Duro Basin subjacent deposits contain 

carbonate and evaporite beds that represent the t transgression of tne Permian sea. 

Impoverished and poorly preserved Late Permian choan) invertebrate faunas have been 

reported from both units (Baker, 1915; Roth and others, 1941; Dunbar and others, 1960). The 

overlying Dockum Group is widely regarded as late Triassic in age, based largely on continental 

biostratigraphic zonation. The Quartermaster, Dewey Lake, and Pierce Canyon Formations are 

usually regarded as OChoan in age because of their apparent genetic/lithologic continuity with 

the underlying conformable Ochoan sequence (King, 1942; Miller, 1966). Their contact with the 

overlying Dockum Group has been described as both unconformable and conformable. The 

possibility of a locally conformable relation with overlying strata of Late Triassic age has been 

the main basis for consideration of an Early-to-Middle Triassic age for at least part of the 

Quartermaster - Dewey Lake - Pierce Canyon sequence. In many instances, the question of 

time conformity may have been confused with the geometric property of stratal concordance. 

Thus the Dockum and underlying units may be locally concordant but nonetheless unconformable 

throughout their areal extent. 

Two volcanic ash beds have recently been discovered in the Quartermaster (outcrop) and 

Dewey Lake (subsurface) Formations in the Palo Duro Basion. The lower ash bed ranges in 

stratigraphic position from 4-20 meters 03-66 feet) above the top of the uppermost Alibates 

non-siliciclastic unit (sulfate or carbonate). Radiometric dates of 251 2:. 4 and 261 2:. 9 m.y. old 

have been obtained for this bed by-the K/ Ar method. Both values a~e well in the range of Late 

Permian ages. The upper ash bed has not been dated. i The contact between the Dockum and 

Quartermaster - Dewey Lake uFlit varies from concordant to discordant at the locations of ash 

sample sites and measured sections (figs. 52, 53, and 54f; the level of the lowest Dockum biota 

has not yet been determined at these sites. 

Stratigraphy j 
The depositional systems represented by the Q artermaster, Dewey Lake, and Pierce 

Canyon Formations have not been elaborated in detail. Genetic interpretations range from a 
! 
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saline water body, mud flat, and eolian system in the D laware Basin (Miller, 1966); landlocked 

sea and fluYio-deltaic sequence in the Palo Duro Canyon State Park area (Matthews, 1969); 

shallow marine, shoreline, and fluvial system in the Palo Duro Canyon area (Hood, 1977); 

hypersaline water body, tidal flat, and sabkha sequence in the Texas Panhandle region 

(McGowen and others, 1979); relict sea or lake, fan-dEilta, and braided stream system in the 

Palo Duro Canyon and Caprock Canyons State Park areas (Gustavson and others, 1981); 

lacustrine and prodelta sequence in the Delaware Basin (Eager, 1983); and a largely alluvial 

plain, overbank and ephemeral channel-fill sequence in the Texas Panhandle area. Collectively, 

these interpretations imply deposition in a large, restricted hypersaline water body and 

marginal shoreline environments, with a fluyio-deltaic clastic input. The water body may haye 

been marginal-marine or a continental playa lake--currently available evidence does not allow a 

distinction. Marginal-marine or continental sabkha deposition is not obyious in outcrop, and is 

probably a minor com ponent at" best. 

The Quartermaster and Dewey Lake Formations were measured and sampled at several 

outcrop and subsurface sites in the Palo Duro Basin (figs. 52, 53, and 54) to document the areal 

distribution and stratigraphic position of the ash beds. Figures 53 and 54 are generalized 

llthologic sections that document the stratigraphic positions < of the ash beds and significant 

vertical differences in grain size distributions. The top of the uppermost Alibates carbonate or 

sulfate bed was used as a lower datum wherever possible. Sections were measured either to the 

base of the Dockum Group or to a thick, massive cliff-forming sandstone. com monly present in. 

the uppermost Quartermaster just below the Dockum. 

The Dewey Lake sequence was not examined in detall in the Department of Energy 

(DOE)/Gruy Federal Rex White III core (location 1, Fig. 5 ), but the presence of both upper and 

lower ash beds was noted. The lower ash bed there is sit ated approximately 5.5 meters above 

the top of the Alibates. This ash bed was located in all se tions, but the upper ash bed was only 

located in Caprock Canyons State Park, the DOE/Gruy ederal Grabbe III and Rex White III 

cores. This may be a function of differential thickness [lather than a real difference in areal 
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distribution. The lower ash bed is commonly several entimeters thick (0.3-20.0 cm range) and 

weathers to a prominent pink-white color; the upp r ash possesses a maximum observed 

thickness of only 2.5 cm and weathers to a light pu pIe to maroon color, providing a lesser 

contrast against the surrounding brick-red Quartermaster - Dewey Lake sediments. 

Several apparent trends can be discerned among the measured sections. The proportion of 

coarser-grained fraction decreases from E-SE to W-NW, and the interval between the top of the 

Alibates and the lower ash bed thins from E-SE to W-NW. These changes suggest the possibility 

of Quartermaster - Dewey Lake progradation from E-SE to W-NW, but a wider data distribution 

is necessary to substantiate this. The possibility that these thickness changes may reflect the 

existence of local clastic depocenters cannot be discounted. The sequences generally display a 

coarsening-upward pattern; both grain size and coarse-fraction set thickness increase upward. 

Such a pattern is typical of prograding clastic sequences. Mudstone units appear massive in 

outcrop, but commonly contain even to wavy, continoous, parallel laminations in core. This 

suggests that most of the fine-grained fraction was deposited from suspension in a low energy 

environment, and was not bioturbated subsequent to deposition. The coarser fraction, which 

ranges from siltstone to medium grained sandstone, is most commonly ripple cross-laminated 

over an extremely wide range of bed thickness. Climbiflg ripples and sof~-sediment deformation 

structures are abundant. tviost of the coarse grained fraction thus appears to have been 

deposited in rapid pulses by traction. 

Petrology and Age 

The lower ash bed is present in all examined localities. It varies In thickness frolT) 

approximately 1.3 to 20.0 cm, but is generally several centimeters thick. It is cross-laminated 

in both outcrop and core samples. Its apparent ,ide areal distribution and blanket-like 

geometry seem to preclude deposition in restricted crannels; the primary structures instead 

imply syndepositional reworking by gentle bottom cur ents. The upper ash bed is sporadically 

distributed and displays no internal primary structures in outcrop or core. It is present as a 
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concentration of millimeter sized intraclasts disperse in a 5.0 cm thick intraclastic zone in 

the Grabbe 111 core. This implies reworking subsequent 10 partial induration. 

Mineralogy and texture of the lower ash beds are the same in each sampled occurrence, 

including Palo' Duro Canyon State Park (sample PD-2), lower Palo Duro Canyon (sample PO-I), 

Caprock Canyons State Park (sample 072982) and in the Swisher County III Grabbe core (sample 

S-915). Each sample contains varying amounts of subhedral to euhedral phenocrysts in a well­

crystallized clay matrix having no distinct outlines of relict shards. Locally, the orientation of 

clay grains is highly random, and may be inherited from devltrified shards. Phenocrysts include 

sanidine, quartz, biotite, and minor amounts of apatite, zircon, and Fe-Ti oxide. A large 

proportion of sanidine grains are hollow, possibly due to diagenesis. Some quartz grains are 

embayed. The presence of euhedral biotite and apatite indicates that transport has been 

minimal. The upper ash at Caprock Canyons State Park contains plagioclase in addition to 

sanidine and has a larger proportion of phenocrysts to matrix than the lower ash beds. 

Phenocrysts are coarser grained and hollow sanidine is less common in the upper ash. 

The matrix of each lower ash bed consists of non-expansive clay with a 10 A basal 

spacing, probably illite (fig. 55). A minor amount of expansive clay (smectite) that was 

probably derived from alteration of illite is present in Sample PD-2 (Palo Duro Canyon). The 

upper ash at Caprock Canyons contains only expansive day (smectite), with basal spacings of 

15.5 A after air drying, 17.1 A after glycolation, and 9.8 A after collapse upon heating to 550°C 

for 2 hours. 

K/ Ar determinations on biotite in ash beds at Caprock Canyons State Park (2 determi­

nations) and in the Swisher County III Grabbe core gi ve late Permian ages ranging from 261 .±. 9 

to 251 .±. 4- m.y. (Table 1). All ages are within the range of overlap of experimental errors. 

K/Ar ages of 251 .±. 4- and 257 ..±. 9 m.y. were determined by different labs for 2 spllts of a 785 mg 

concentrate of biotite from Caprock Canyons. Only 11 mg of biotite were separated from 

tuffaceous material in the 111 Grabbe core. Sample size w s limited by the lower overall biotite 

concentration, and llmited volume of core available fo processing. Duplicate analyses of 
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argon40 is only 0.178 in this analysis, compared to 0'118 to 0.850 for previous determinations. 

Due to the small sample size, no biotite concentrat was left to repeat the second argon40 

analysis for 5-915.0. Using the first argon40 determination gives an age of 261 .! 9 m.y., as 

reported in Table 1; an age of 271 .! 9 m.y. is obtained 1£ an average of the two argon40 analyses 

is used. 

Although no previous descriptions of discr~te aJ beds in the Dewey Lake/Quartermaster 

Formation have been reported, the presence of hollow sanidine in the Pierce Canyon red beds 

and elsewhere in the Dewey Lake Formation has been noted by Miller (1955, 1966). Local 

concentrations of apatite, biotite in excess of muscovite, and embayed euhedral quartz were 

also recognized in the Pierce Canyon Formation. The mean length of sanidine crystals in the 

Delaware Basin was found to be 0.12 to 0.14 mm. The mean length of sanidine for 4 samples of 

"lower ash" ranges from about 0.08 mm (sample PD-2) to 0.11 mm (Sample 072982), based on 

measurement of 20 grains per sample. Overall, the grain size of sanidine in samples from the 

Palo Duro Basin appears to be less than that observed in the Pi'erce Canyoh red beds, suggesting 

that the Delaware Basin is closer to the source area. Some variation in grain size may be due 

to changes in wind velocity during transport (Williams a~d others, 1954). 

While volcanic activity may have occurred throughout much of Dewey Lake time, the 

consistent stratigraphic position, similarity in mineralogy and texture, and agreement (within 

experimental error) of K/Ar ages indicate that the lower ash bed observed in all the localities is 

correlative and represents a unique event. Correla ion of the "upper" ash bed(s) is more 

difficult to ascertain, because of their reduced thicknes and sporadic exposure. 
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TRIASSIC SYSTE, 1 

Dockum Group (Johns and ovorka) 

The Late Triassic age Dockum Group overlies the Permian age Dewey Lake Formation and 

underlies Cretaceous age rocks and the Tertiary Ogallala Formation. Recent studies have 

focused primarily on environments and depositional systems of Dockum outcrops with limited 

subsurface interpretations (Boone, 1979; Seni, 1979; McGowen and others, 1979; McGowen and 

others, 1980; Seni and others, 1980; Granata, 1981). Current study of the Dockum is 

concentrating on (1) subsurface correlations, (2) facies descriptions, environmental interpre­

tations and diagenesis of core in DOE-Stone & Webster's wells, (3) structure and tectonics 

during the Triassic and (4) clay mineralogy in the Dockum versus that in the Permian. 

General Correlations 

Four cross sections constructed across the Palo Duro Basin display the current interpre­

tations of stratigraphic contacts and distribution of Dockum sediments (fig. 56). These sections 

(figs. 57-60) show the Dockum thinnest in the north and E1ast and thickest, over 1400 feet, to the 
I, 

west and south, which corresponds with the geometty of the Dockum depositional basin 

(McGowen and others, 1979). Evident on the north-south cross sections (figs. 58, 59) is the 

protection from erosion provided by the Cretaceous cover in the southern part of the basin. All 

of the cross sections show the Dockum to be composed of numerous sandbodies with interbedded 

siltstones and mudstones. While individual sandstones are very difficult to trace laterally, 

packages or sand-rich intervals can be correlated with a fair degree of confidence. Examina­

tion of such packages has revealed areas of possible strU<1:tural activity during deposition of the 

lowermost Dockum sediments. 

Figure 60 is a north-south cross section which inte sects the Matador Arch, an east-west 

oriented uplift forming the southern boundary of the P 10 Duro Basin in the southern Lamb 

County. The basal sandstone package in figure 60 thi kens into a structural low defined by 
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Lamb 1167. This low could have originated as a direct esult of faulting or by dissolution of the 

underlying Salado saltbeds. The cross section shows ab t 80 feet less salt in Lamb 1167 than in 

the adjacent Lamb 1158. Since this is also the difference in sandstone thickness, it is possible 

that salt dissolution has occurred contemporaneous with sandstone deposition. However, the 

cross section (fig. 60) also shows a total of 250 feet of offset on top of the Alibates Formation, 

of which only 80 feet can be attributed to salt dissolution. This leaves 170 feet of offset to be 

accounted for by other means; faulting is one possible explanation. Since reactivation of old 

structural elements is believed to have initiated Dockum deposition (McGowen and others, 1979; 

McKee and others, 1959), it is likely that faulting created or recreated a structural low allowing 

thicker accumulation of sediment than on the surrounding structural "highs." 

Additional applications of correlating sandstone packages will be used in future to help 

define: (1) individual river or stream systems, (2) extent of high lake level transgressions, and 

(3) boundaries of delta lobes during progradation. 

The Dockum underlies the Ogallala Formation in most of the Palo Duro Basin. This 

contact can be picked on most geophysical logs with a high degree of confidence.· Figures 57 

and 58 show the eastward-sloping erosional contact with the Ogallala which is essentially the 

paleo-dip direction (Seni, 1980; TDWR, 1982). Figures 59 and 60 parallel the paleo-strike of the 

Ogallala and show a more uniform horizon for the contact w.ith exceptions, presumably due to 

channeling by Ogallala streams. 

The basal contact of the Dockum with the Dewey Lake Formation is very difficlllt to pick 

in the subsurface. McGowen and others (1979) used the occurrence of a high-gamma-ray 

emitting unit, interpreted to be a mudstone, in the upper part of the Dewey Lake as the base of 

the Dockum. In core now available (DOE-Gruy Federal II Rex White well [Randall County 1125J 

and DOE-Gruy Federal III Grabbe well [Swisher County II i 7]) the ~ontact is picked at the 

boundary between a mud or siltstone with a high gamma ray response and a sandstone with a 

much lower gamma-ray response (fig. 61). This characte istic response can be abrupt, as in the 

I 
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Grabbe well (fig. 61), or gradational, as in the Rex . hite well (fig. 61). In either case, this 

basal pick can be traced throughout the basin without m ch difficulty. 

Core Studies 

Dockum/Dewey Lake Contact 

The base of the Dockum Group was cored in four DOE wells. These cores show that the 

nature of the contact is unpredictable and variable across the basin. 

DOE-Gruy Federal III Rex White.--This is the only core in which a sharp, easily 

identifiable contact was found. The upper Dewey Lake consists of red-brown planar to low 

angle climbing ripple laminated, fine to very fine grained sandstone. This has been cut into by a 

reduced poorly cemented, muddy, fine to medium grained sandstone considered to be of Triassic 

age. 

DOE-Gruy Federal III Grabbe.--The contact appears to be at the base of a red-brown, 

burrowed, bimodal, ripple laminated very fine graineq sandstone with pervasive pedogenic 

structures. Unfortunately, there was no core recovery for the next eighteen feet until red­

brown, parallel to ripple laminated siltstones and mudstones, characteristic of the Dewey Lake 

Formation, were encountered. 

DOE-Stone & Webster III Mansfield.--The DockunYOewey Lake contact occurs between 

the cross-bedded, medium sandstones of the Dockum at 450 feet and the contorted, accretion­

rippled, ,very fine-grained sandstones of the Dewey Lake below about 500 feet. The 

questionable interval contains very fine-grained sandstone with some bimodal sandstone beds 

and small scale sedimentary structures which are similar to known Permian sediments. 

However it also contains 20 feet of purple, green, and red claystone with thin, rippled sand units 

which might be correlatable with laminated mudstone beds at the base of the Dockum in 

outcrops. Load cast structures are abundant in this in erval but are not common in most 

Permian sediments. 
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DOE-Stone & Webster 111 J. Friemel.--The co tact between the Dockum Group and 

underlying Dewey Lake Formation is not clear-cut; t 0 horizons are deemed possible. Our 

present interpretation favors the contact at 1076.6 f et, which is the base of a medium to 

coarse grained sandstone containing coarse grains of well-rounded and polished or frosted sand 

with large-scale cross stratification which fines upwards to ripple laminated sandstone. The 

overlying sequence consists of a succession of similar fining upward units 00-15 it thick) 

dominated by large-scale cross-stratified sandstone bedJ. 

A second possibility for the contact occurs at 1091 feet, the base of a contorted 

laminated, bimodal sandstone which grades upwards into ripple laminated, fine grained 

sandstone with thin, 1-2 grain thick lags of coarse, well-rounded, frosted and polished sand 

grains, overlain by laminated and desiccation crack bea~ing mudstone. The entire cycle is about 

14 ft thick and is truncated by the above-described sequence starting at 1076.6 feet. 'The units 

below (Dewey Lake Formation) consist primarily of thin bedded units (3-5 it thick) of ripple 

laminated fine grained sandstone, siltstone, and mudstone units. 

The base of the unit of 1076.6 feet is where large-scale features are predominant, and is 

continued upwards for greater than a hundred feet, and characterizes the lower portion of that 

sequence. Thus, the contact at 1076.6 feet is favored for the contact between the Dockum 

Group and underlying Dewey Lake Formation. 

Core descriptions and interpretations of the Dockum/Dewey Lake contact interval suggest 

that the natur~ of the contact is .variable throughout the Palo Duro Basin. Only in the Rex 

White well, where fluvial sandstones of the Dockum haie eroded down into the Permian strata, 

is the contact clear-cut. The J. Friemel well also appears to have an erosional, fluvial, basal 

contact, at either 1076.6 feet or 1091 feet, but thel distinction between the Permian and 
i 

Triassic is very subtle, if it exists at all. The basal Do~kum is apparently eolian in the Grabbe 
I 

well which is environmentally identical to much of the 

may also have an eolian base or possibly it may even 

may represent eolian Triassic deposits that have 
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completely removed by eroding channel systems. The e processes have produced complex and 

highly variable relationships between the Permian and Triassic strata. 

Dockum Lithologies 

Sediments of the Dockum Group were cored in four DOE wells. Three of these cores were 

logged early in the West Texas Waste Isolation project and were not logged in great detail. 

Therefore only the recently logged J. Friemel well is discussed here. 

The Dockum facies in this core consist primarily of cross and ripple laminated sandstone, 

siltstone, and mudstone, pebble conglomerates, granule conglomerates, and intraclastic and 

burrowed siltstone and mudstone, most of which are calcareous. Plant fragments are found 

associated with the conglomerate, sandstone, and siltstone units. The contact with the 

overlying Ogallala Formation is a sharp unconformable contact between underlying intraciastic, 

blocky. siltstone of the Dockum Group and overlying structureless medium' grain sandstone of 

the Ogallala Formation. The contact with the underlying Permian Dewey Lake is also thought 

to be unconformable. 
. . 

From the base of the Dockum Group upwar'q,' four major depositional (?) packages are 

observed based upon associations of units and repeated sequences of sediments. 

The lowermost package can be subdivided into low~r, middle and upper portions. The 

lower portion is 96 ft thick and consists of 5-10 ft thifk cross-stratified sandstone units with 

basal scours, in which sequences thin upwards. These units are gradationally and sharply 

overlain by ripple laminated sandstone, siltstone, and mudstone units, 1-10 ft thick, which fine 

upwards in grain size and scale of structures. Repeated sequences of sandstone-siltstonel 

mudstone units range from 25 feet thick at the base to 6 feet at the top of the lower part of the 

interval. 

The middle portion consists of 22 ft of low angle ross-stratified and ripple laminated fine 

grain sandstone with laminae of organic debris defini g the stratification. The upper 8 ft is 

subhorizontally laminated, fine grain, muddy sandstone. 
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The upper portion consists of 64 ft of nearly horiz ntal, thinly laminated claystone and 

mudstone. The upper mudstone contains calcareous clasts. 

The base of package 2 marks a dramatic change in deposition and can be subdivided into 

two portions. The lower portion is 59 it thick and consists of sharp bounded, 2-8 it thlck, 

calcitic cemented pebble conglomerates with crude pebble imbrication and crude cross-

stratification, in fining upwards sequences 1.5 it to '-/. inches thick. Conglomerates are 

interbedded with units of laminated mudstone and massive to crudely laminated sandstone 1 to 

5 it thick. 

The lower portion grades upwards from a pebble conglomerate to cross-stratified 

sandstone of the upper portion which grades upwards from medium to fine sandstone with 

subhorizontal laminae at the top. The upper portion is 57 fbet thick. 

The change from package 2 to package 3 is gradational, but package 3 (357 it thick) is 

characterized by showing a less regular association (no bbserved pattern) of lithologies. In 

general, it consists largely of ripple laminated· siltstone and mudstone truncated by scour 

channels with sharp bases, caliche granule lags, and gradational tops; these sequences decrease 

in abundance and thickness upwards. Channelized regions are associated with organic debris. 

The thick units of ripple laminated siltstone and mudstoI1le are. also interbedded with sharply 

bounded, cross"'-stratified, fine-grain sandstones and coarse-grain siltstones which increase in 

thickness and abundance upwards. 

Package 4, which appears to be in gradational contact with the top of package 3, is the 

upper 31 it of the Dockum Group. It consists of blocky textured, bioturbated, intraclastic, 

calcareous, silty mudstone. 

Overall the Dockum Group consists of terrigenous cla tic sediments representing a variety 

of fluvial and lacustrine related depositional environmen s. It is believed that the Triassic 

Dockum represents a change to more humid climatic con itions from the underlying Permian 

evaporite sequences. 
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The previously described package 1 appears 0 represent an overall fining upwards 

regressive sequence. Thick sandstone units of the 1 wer portion may represent channelized 
I 

deposition. The thinner fine sandstone and associatedl. organics of the middle portion are more 

representative of overbank or lacustrine associated deposition. Calcareous clasts in the upper 

portion may be caliche and represent soil forming processes and possibly the transition from 

humid to more arid climatic conditions. 

The lower portion of package 2 represents deposition in an arid-type climate. The 

conglomerates may represent distal, braided river bar facies. The upper fining upwards 

sequence may represent a transition back to more humid or semi-humid climates. 

Package 3 may be progradational from package 2 and represent more distal, upper deltaic 

facies with abundant splays or small Gilbert-type deltas in the upper portion of package 3. 

The combined packages 3 and 4- represent an overall fining upwards or regressive 

sequence. Package 4- resembles soil textures but may represent an alternatingly wet-dry 

I lacustrine environment. 

I Thin Sections Studies 

I 
I 
I 
I 
I 
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I 
I 

Eighty-nine thin sections were examined from the interval 780 to 287 it in the DOE-Gruy-

Federal 111 Grabbe well. This encompasses all of the ~ecovered Dockum core and includes 14-

thin sections from the transitional lower part of the ;Dockum (780-726) which are similar in 

texture, composition, and sedimentary structures to Upper Permian rocks but lack halite and 

anhydrite cement. Upper Permian samples are very similar to each other; they are fine-

grained, red, slightly muddy, with or without reduced spots, and contain small scale rippled or 
I. 

I 

laminated structures. Dockum samples vary from p~re clay to clean sandstone to caliche 

pebble conglomerate, with a corresponding variety of colors (gray, green, red, brown, pink, etc.) 

and a variety of sedimentary structures. !. 

All fourteen thin sections from the transition interval (780 to 726 feet) are muddy, coarse 

siltstone or fine sandstone. Lithology of the contact in erval was briefly described in the core 
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studies section. Three of them (751.8, 747.6, 740.9)\ are bimodal, with well-rounded, super­

mature, medium-grained sand in a finer angular sand matrix. Bimodal sands with rounded 

coarse grains are typical of Upper Permian rocks. A plot of the ratio of quartz:feldspar:rock 

fragments (fig. 62) shows that samples from this transition interval plot with the Permian 

samples in or near the lithic arkose area of the diagram. Fine anhedral or rhombic carbonate 

typical of Upper Permian rocks makes up a few percent of most transition rocks. Sedimentary 

structures observed are small scale ripples, fine laminati'on, and disrupted or homogenized 

structures due to burrowing or fluid escape. Sediments are muddy because of clay intimately 

intermingled with the fine sand in the form of clay drapes, clay cutans, and squashed rock 

fragments. A few samples which lack clay in some areas are partially or completely cemented 

with calcite. There is no evidence that halite or anhydrite cement were ever present, and there 

is no evidence of the timing of carbonate cement precipitation. Most of the samples are red, 

with reduced spots or coarser beds. 

This interval is above the top of the salt dissolution zone, and halite cement would not 

have been preserved even if initially present. Therefore, it cannot be petrographically 

determined whether the initial sediment was identical to Permian sediments with evaporite 

cements, now dissolved, or whether the absence of evaporites reflects the first evidence of 

change into Triassic conditions. 

The samples above 726 feet are significantly different from those in the transition 

interval in texture, composition, and sedimentary structures, and contain minor amounts of 

unusual elements such as lignitized plant fragments, bone fragments, caliche, and glauconite. 

Most sandstones and siltstones exhibit horizontal or inclined and cross-bedded orientations to 

grains. Variations include lamination accentuated by placers of heavy minerals, clay intra-

clasts, and flakes of mica or lignite; the composition of rock fragments varies. Mica is 

concentrated in some beds, making up to 10% of the ro k, and is entirely absent in other beds. 

These variations in sandstone composition and texture c nnot be correlated with any particular 

I grain size, depositional environment or location in th section, and could probably best be 
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explained as very local variations in hydrodynamic winpowing and concentration of platy grains, 

or local contributions of clay chips, reworked caliche, or older sandstone. 

Five thin sections from the III Grabbe core· have features which suggest that soil 

processes affected their textures. Thin sections 650.0 and 289.0 have complex disrupted 

structures cut by vertical cracks in clay. Thin section 380.0 is partially fragmented caliche or 

fresh-water limestone. Thin section 4-13.5 contains caliche nodules and 713.0 contains hematite 

nodules which may be soil features. 

Soil features are more common near the top of the Dockum section, where very fine 

sandstones and siltstones are more common than coarse sandstones (footage 4-4-1.2 to 289.0). 

These features indicate that more delta plain and fluvial environments are represented near the 

top of the formation. 

Other distinctive sedimentary structures examined in thin section include clay drapes, 

especially in fine sandstones and siltstones, load casts, a sandstone dike (sample 576.4-), and a 

graded bed with a contorted base (sample 574-.0). 

The great variety of locally derived grains contributes to the diversity of Dockum 

sediments. Carbonate-pebble conglomerates contain clasts of calcareous clay soils; calcite-

cemented, laminated, fine sandstone pebbles; clasts of older dolomite rocks with ghosts of 

forams and abraded, dolomitized echinoderm plates; and abundant caliche. Caliche pebbles are 

calcite or dolomite microspar and are structureless, vaguely pelleted, contain floating silici-

clastic silt grains or have~concentric cracks ot" a central area filled with calcite or dolomite 

spar. A few grains of coarsely crystalline calcite and dolomite with radial, undulose extinction 

are probably caliche or "travertine related to caliche. Pyrite is common within carbonate rock 

fragments. . 

Lignitized plant fragments are common in the! upper middle part of the Dockum 
I 
I 

Formation, between footages 577.8 and 4-4-1.2. This corresponds to the most reduced part of the 

section in core, where pyrite is common both withi sandstone beds and replacing plant 

I fragments and carbonate grains. Oxydized red beds ar entirely absent. In this part of the 
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beds and represent various deltaic environments. 

Plant fragments are preserved as dark brown organic material. Most are elongate, 

structureless, and are indented, but not broken by adjacent sand grains. Some are partially 

replaced by pyrite. A few fragments are thicker and exhibit some woody structures partially 

replaced by pyrite. These fragments have been slightly compressed. Most of the plant 

fragments have shrunk away from adjacent sand and cracked in the elongate direction, leaving 

holes which are filled with epoxy. The shrinkage probably was caused by desiccation of the rock 

after coring. 

Glauconite is found near the top of the Dockum Formation, from footage 509.0 to ~55.5 in 

laminated or cross-laminated fine sandstones. The presence of glauconite indicates that 

sandstones were deposited in a marine influenced environment. The presence of slightly 

glauconitic sandstones directly below siltstones with soil textures discussed above suggests that 

the facies changes might be a result of sudden relative fall of sea level rather than de'ltaic 

prograda tion. 

Other locally derived grains include clay chips, which are commonly included with sand­

sized grains. Most clay chips have been partially squashed by postdepositional compaction and 

can only be distinguished from clay matrix by the assumption that cross-bedded sandstones 

should contain no clay matrix. A few large clasts of clay are found, indicating that transport 

distance was not far. Sample 505.2 contains a large clay clast with gypsum crystals growing 

displacively within it. Some grains identified as clay chips may actually be rock fragments 

derived from outside the basin rath,er than from ripped-up clay drapes. 

Phosphatic bone fragments were identified in four thin sections (554.6, 540.3, 526.0, 

505.2) and phosphate grains of questionable affinities reco$nized in several other thin sections. 

All are sand-sized fragments, well rounded and clearly tran 'I ported as detrital grains. 

Figure 62 shows the change in composition in the III Grabbe core from the Permian 

samples, which cluster around a lithic arkose composition ith an average quartz:feldspar:rock 
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fragment ratio of 65:22:13, to the Dockum sample~ which are litharenltes and arkosic 
I 

lltharenites with quartz:feldspar:rock fragment ratios a~eraging 55: 10:35. This compositional 

change reflects a real change in source- area, and is not due only to the increase in grain size. 

Coarser sandstones might be expected to contain more rock fragments than equivalent finer 

sediment in which rock fragments would have been disaggregated into constituent grains. The 

ratio of feldspar to quartz should remain about the same from coarse sediment to fine if the 

source materials were the same. The ratio of feldspar to quartz is significantly higher in 

Perm-ian and transitional sediments than in Dockum sediments. Feldspar is slightly more 

weathered in Dockum sandstones than Permian sandstones, but few feldspar grains have been 

entirely removed; therefore, the change in composition is not due to changing climatic 

conditions but to a- different source area that yielded angular quartz, less feldspar, and more 

metamorphic rock fragments. 

The character of the metamorphic rock fragments is different in Upper Permian and 

transition rocks than in the Dockum Formation. Composite quartz-mica rock fragments are 

common in Permian and transition sandstones, but show little or no foliation. In Dockum 

sandstones quartz-mica rock fragments have well-developed foliation and are clearly derived 

from schist, gneiss, and phyllite. Stretched composite quartz and large fresh flakes of 

muscovite, chlorite, and biotite are common in Dockum sandstones and also suggest a 

metamorphic source. Analysis of heavy mineral suites!might yield more information about 

source areas. No trends were observed in ratios of rock fragments, quartz types, or mica or 

feldspar composition. 

Diagenesis has been simple in transitional and Dockum rocks. All sediments underwent a 

i 

slight postdepositional compaction which squashed weig t-bearing clay chips. Large mica 

flakes were deformed by compaction in one-third of the andstones,- but not deformed in the 

majority of them. Porosity before cementation averaged 18% but was higher, up to 30%, in 

samples with few clay intraclasts. 
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The common cement is coarse, pore filling calcite which, in the average sample, 

fills half the available pore space. Calcite cement preferentially fills pores adjacent to 

carbonate rock fragments, probably because of ease of ucleation on existing. crystals. Calcite 

cement completely fills pore spaces in only two out of twenty-seven thin sections point-counted 

for cement. One of these (504.2) has very coarse crystals with a poikilotopic texture. Two 

other thin sections (473.0, 477.0) are partially cemented with poikilotopic calcite. Two thin 

sections (540.3 and 588.3) have an early generation of qladed calcite cement around carbonate 

rock fragments. Both of these are caliche rock fragment conglomerates, in which dissolution of 

the carbonate rock fragments provided a local source for calcite. Most carbonate rock 

fragments show some evidence of dissolution, in the form of concentrations of impurities 

around siliciclastic sand grains imbedded in the carbonate rock fragments, or microstylolites 

where two carbonate rock fragments are adjacent. Five out of twenty-seven thin sections have 

less than 1 % calcite cement, with abundant void space. Most sandstones which contain 

lignitized plant fragments also have sparse calcite cement, perhaps because these sandstones 

. were isolated from fluids which cemented other sandstones and might have altered plant 

material. 

Kaolinite occurs as a cement in six samples of the. upper part of the Dockum Formation, 

footages 505.2 to 471.5. This corresponds to the interval where plant fragments are most 

common. It also corresponds to the occurrence of skeletalized plagioclase grains. Most 

Dockum feldspar grains are fresh or slightly sericitized or vacuolized. In this interval of 

kaolinite cement many plagioclase feldspar grains are intensely vacuolized. Dissolution must 

have occurred after deposition and compaction .of the sahdstone because the skeletal feldspar 

grains would have been crushed by transportation or pre~sure. The correspondence in location 
I 

• I 

and amount (a few percent of each kaolinite and skeletall feldspar) suggests that dissolution of 

plagioclase feldspar was the source of the kaolinite. The timing of plagioclase dissolution with 

respect to calcite precipitation is ambiguous.' Calcite does not replace or cement vacuoles in 
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feldspar. However, kaolinite occurs in spaces betw en calcite crystals which suggests it 

predated calcite cement precipitation. 

Other cements include local occurrences of pyrite cementing a few sand grains and 

limonite cement. Limonite forms liesegang bands which cut across structure in thin section 

443.0. No evidence of present or former halite or anhydrite cements were found within Dockum 

or transition sediments. 

The variety of Dockum sediments reflects two characteristics of Dockum sedimentation: 

a variety of depositional environments and the presence of locally derived materials which are 

concentrated in some sediments and absent in others. These changes from the more uniform 

upper Permian deposition reflect changes in source area, depositional environment, and possibly 

climate during the Tr-iassic. 

Clay Mineralogy Studies 

Samples for clay mineralogy were analyzed from the DOE-Gruy Federal If 1 Rex White 

well to detect possible changes across the Permian-TriaSsic boundary. The Rex White well was 

chosen for this initial investigation because it is the only well in which the Dockum/Dewey Lake 

contact is clearly defined. The lithology of the contact can be found in the Core Studies 

section. Preliminary data show a uniform occurrence of illite (plus other clays) in the Permian 

section but an absence of illite in Triassic (Dockum) sarmples. Additional sampling is underway 

to determine if this change actually corresponds with the contact. If so, this method will be 

applied in other cores where the boundary position is in question. 
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FIGURE CAPTIONS 

Figure 1. Map of Texas Panhandle area showing location f Palo DUro Basin. 

Figure 2. Stratigraphic colulT!n and general lithologies fo the Palo Duro and Dalhart Basins. 

Figure 3. Accepted subdivision of Mississippian rocks in the Palo Duro Basin. Possible 

Kinderhook deposits (not shown) occur sporadically at the base. Amerada Petroleum 

Corporation, Lafayette Hughes Trustee No.1, Hall County, Texas (BEG No. 18). 

Figure 4. Map of the Texas Panhandle area showing location of the Palo Duro and Hardeman 

Basins and four cored wells. Donley 3: Service Drilling Company, Kathleen C. 

Griffin No. 1. Childress 10: Wes-Tex, Kewanee, and Coastal States Producing Co., 

Steve Owens No. I-A. Hardeman 42: Sun Oil Co., Quanah Townsite Unit No. 1. 

Hardeman 44: Standard Oil Co. of Texas, Coffee No. 1. 

Figure 5. Probable correlation of 4 wells for which conodonts were recovered. No horizontal 

scale. Wells and line of section shown in F igurel1. 

Figure 6. Distribution of lower Pennsylvanian facies and interpreted depositional environ-

ments. 

Figure 7. Isolith map of total carbonate in the lower part of the Pennsylvanian System. 

I Fi"gure 8. > Distribution of upper Pennsylvanian facies aIj1d interpreted depositional environ-
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ments. 

Figure 9. Isolith map of total carbonate in the upper part of the Pennsylvanian System. 

Figure 10. Location of oil fields in Oldham and western Potter Counties. Reservoirs in these 

fields are Pennsylvanian granite wash or carbonate. 

Figure 11. Structure contour map on the top of the upper granite wash, the reservoir for 

Figure 12. 

Figure 13. 

Lambert, Hryhor, and Sundance Fields (Railr01d Commissio~ of Texas, 1982). See 

figure 5 for location. . 

Net thickness of the 0-5% porosity range for th¢ Brown Dolomite. 

Net thickness of the 5-10% porosity range for tte Brown Dolomite. 
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Figure 14. Net thickness of the 10-15% porosity range for he Brown Dolomite. 

Figure 15. Net thickness of the 15-20% porosity range for he Brown Dolomite. 

Figure 16. Net thickness of the 20-25% porosity range for he Brown Dolomite. 

Figure 17. Weighted-average porosity values for the Brown Dolomite. 

Figure 18. Net thickness of the 0-5% porosity range for the Wolfcamp (below the Brown 

Dolomite). 

Figure 19. Net thickness of the 5-10% porosity range for the Wolfcamp (below the Brown 

Dolomite). 

Figure 20. Net thickness of the 10-15% porosity range for the Wolfcamp (below the Brown 

Dolomite). 

Figure 2l. Net thickness of the 15-20% porosity range for the Wolfcamp (below the Brown 

Dolomite). 

Figure 22. Net thickness of the 20-25% porosity range for the Wolfcamp (below the Brown 

Dolomite). 

Figure 23. Net thickness of the 25-30% porosity range for the Wolfcamp (below the Brown 

Dolomite). 

Figure 24. Net thickness of the > 30% porosity range for the Wolfcamp (below the Brown 

Dolomite). 

Figure 25. Weighted-average porosity values for the Wolfcamp (below the Brown Dolomite). 

Figure 26. Weighted-average porosity values for the entire Wolfcamp Series. 

Figure 27. Wolfcampian subcrop, showing the ages of underlying rocks and locations of major 

uplifts. 

Figure 28. Lithologies of uppermost (approximately 100 it) Pennsylvanian. 

Figure 29. Lithologies of lowermost (approximately 100 ft) Wolfcampian. 

Figure 30. Typical electric log signatures at the top of the Wolfcampian, Palo Duro Basin. 

Figure3!. Distribution of anhydrite in lower WichIta. 
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Figure 32. Areal extent of "Brown Dolomite" unit (u per Wolfcampian) in Texas and Oklahoma 

Panhandles. 

Figure 33. Isopach of "Brown Dolomite." 

Figure 34. Lithology of unnamed unit underlying the "Brown Dolomite" in the Palo Duro Basin. 

Figure 35. Basement structures and location of San Andres Formation cross sections and DOE 

wells, Texas Panhandle. 

Figure 36. North-south, dip-oriented correlation section C-C, San Andres Formation, Texas 

Panhandle. 

Figure 37. North-south, dip-oriented correlation section D-D', San Andres Formation, Texas 

Panhandle. 

Figure 38. East-west, strike-oriented correlation section A-A', San Andres Formation, Texas 

Panhandle. 

Figure 39. East-west,strike~oriented correlation section B-B', San Andres Formation, Texas 

Panhandle and eastern New Mexico. 

Figure 40. Ideal cyclic vertical facies sequence a'ld gamma ray log pattern, San Andres 

Formation, Palo Duro Basin. 

Figure 41. Depositional environments in lower San Andres unit 4 carbonate in Oldham and Deaf 

Smith. Counties. The left column of each well shows percent lithology; the center 

column shOWS fabrics; the right column shqws an interpretation of facies listed from 
I 

right to left in interpreted order of increasing salinity. The limestone intervals show 

no pattern of salinity increase, and the fluctuation of facies is best interpreted as 

due to local migration of higher and lower energy facies in a carbonate shelf facies 

mosaic. 

Figure 42. Model for the origin of the sequence of f brics observed in the anhydrite parts of 

cycles. The salinity of the water in the b ine pool influences the diagenesis of the 

previously deposited sediments. 
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Figure 43. Stratigraphic divisions of the San Andres Form with reference geophysical log 

from Swisher County. The informal unit sub ivisions of genetic sequences are 

working stratigraphic intervals that are reco nized on geophysical logs and are 

I 

mappable. Genetic cycles ar~ smaller-scale intt;lrvals based on analysis of core, and 

cannot generally be distinguished individually on geophysical logs. Unit bases in all 

cases correspond with genetic cycle bases. The present authors find that Presley's 

cycle 1 cannot be traced with certainty as far north as Swisher County, and suggest 

that the base of the San Andres Formation in this area and north corresponds to the 

base of unit 2. 

Figure 44. Lower San Andres unit 5, a generally northwest-southeast cross section through 

cored wells showing what appears to be a fairly simple carbonate/anhydrite unit 

overlain by a halite sequence in Deaf Smith COfJnty is a composite of four or five 

thinner cycles. Each cycle has a carbonate/anhydrite or anhydrite lower unit and a 

halite upper unit. The halite has been preserved in all the cycles in Swisher County, 

but has been removed from the lower cycles in Deaf Smith county. 

Figure 45. Middle San Andres cycles in a generally east-weiSt cross section through cored DOE 

wells. The log of each well shows, left to right, visually estimated percent 

lithology, sedimentary structures and a graph of Interpreted facies arranged in order 

of decreasing salinity. Note the consistent thickness and sequence in cycles across 

the basin, and the intervals where textural evidence suggests the former presence of 

halite at the top of cycles. 

Figure 46. Upper San Andres cycles in a generally east-west cross section through cored DOE 
I 

wells. The log of each well shows, left to right, visually estimated percent 

lithology, sedimentary structures and a graph of interpreted facies arranged in order 

of decreasing salinity. 

Figure 47. Graph of thickness of selected non-salt cyclic ur, its 

5-5' (Fig. 39)~ I 

following line of cross-section 
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Figure 48. Graph of thickness of selected non-salt cy lic units following line of cross-section 

C-C' (Fig. 36). 

Figure 49. Graph of thickness of selected non-salt cy lic units following line of cross-section 

0-0' (Fig. 37). 

Figure 50. Example of detailed logs of DOE-Stone &: Webster III J. Friemel, til Detten, and 

III G. Friemel cores, San Andres Formation unit 5, showing correlation of two thin 

anhydrite beds. The key to the logs is shown in Figure 3. 

Figure 51. Example of detailed logs from DOE-Stone de Webster til J. Friemel, til Detten and 

III G. Friemel cores, San Andres Formation unit 4, showing correlation of zones of 

anhydritic halite with primary fabric and the overlying zone of muddy halite with 

many mudstone interbeds. The key to logs is shown in Figure 3. 

Figure 52. Structural elements in the Texas Panhandle Region (after Nicholson, 1960), and 

locations of measured sections and volcanic ash beds in the Quartermaster and 

Dewey Lake Formations. 1: DOE/Gruy Federal, Rex H. White til; 2: Palo Duro 

Canyon State Park, section K-3-83; 3: Tex~s Highway 207/117 crossing Palo Duro 
I 

Canyon, section K-4-83; 4: DOE/Gruy Federal, D. Grabbe til; 5: Caprock Canyons 

State park, sections K-1-83, K":2-83 and K-5-83. 

Figure 53. Measured sections K-3-83, K-4-83 and DOE/Gruy Federal Grabbe Ill, Quartermaster -

and Dewey Lake Formations, Texas Panhandl~. See Figure 52 for locations. 

Figure 54. Measured sections K-1-83, K-2-83 and K-)-83, Quartermaster Formation, Texas 

Panhandle. See Figure 52 for locations. 

Figure 55. Clay mineral analyses of lower volcanic ash bed, Quartermaster and Dewey Lake 

Formations, Texas Panhandle. 

Figure 56. Outcrop areas of the Dockum Group and loc4tions of principal cross sections in Palo 
I 

Duro Basin used for this report. I 

Figure 57. West-east regional cross section 1-1' of 1ost-Queen/GraYbUrg formations. See 

I figure 56 for line of section. I 
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Figure 58. West-east regional cross section 2-2' of ost-Queen/Grayburg formations. See 

figure 56 for line of section. 

Figure 59. North-south regional cross section 3-3' of ost-Queen/Grayburg formations. See 

figure 56 for line of section. 

Figure 60. North-south regional cross section 4-4' of post-Queen/Grayburg formations. See 

figure 56 for line of section. 

Figure 61. Correlation of the Dewey Lake Formation and Dockum Group based on lithology and 

geophysical well log patterns, Rex White til (Randall 1125) and Grabbe til (Swisher 

tl17). 

Figure 62. Ternary plot (Quartz, Feldspar, Rock Fragments) of Dockum and Permian samples 

from DOE/Gruy Federal til Grabbe well. 
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Table 1. Bureau of Economic Geology stratigraphy research in the Palo Duro Basin. 

Stratigraphic Unit 

Dockum Group 
---Dewey Lake Fm. 

Alibates Fm. 
Salado-Tansill Fm. 
Yates Fm. 
Seven Rivers Fm. 
Queen-Grayburg Fm. 
San Andres Fm. 

Glorieta Fm. 
Clear Fork Group 
Tubb Fm. 
Red Cave Fm. 
Wichita Fm. 
Wolfcamp Series 

Pennsylvanian System 
Mississippian System 
Ordovician/ 

Cambrian System 
Precambrian 

Contributors to this Report 

Johns, Hovorka 
Kolker, Fracasso 

Hovorka, Fracasso 

Conti, Herron 

Dutton 
Ruppel 

Ongoing Research Interest 

Johns 
Fracasso 
Hovorka 

Nance, Hovorka 
Nance, Hovorka 
Nance, Hovorka 
Nance, Hovorka 

Hovorka, Fracasso, 
Greimel, Ruppel 

Conti, Herron, 
Ruppel, Hovorka 

Dutton 
Ruppel 

Ruppel 
Budnik 



- - - -
Field Name 

Alamosa (Virgil) 

Alamosa, East (Grani te WaSh) 

Alamosa, Soutl1eas t (Missouri) 

Hryhor (Grani te waSh) 

Lambert (Granite wash, upped 

Lambert 2 (Cisco) 

Lambert 3 (Granite wash) 

Lambert 4 (Penn) 

Manarte (Granite wash) 

Manarte (Granite wash, upped 

Sundance (Granite wash, upper) 

Toscosa (Granite waSh) 

------1B'\<aa1kk1e~J"__tt_Oc fa Y 101 1 Bi lly' Set eek 

Baker &: Taylor I East Billy's Creek 

Baker &: Taylor 1 Whose Mistake 

Snell 1-'f7 t3i vens 

Baker &: Taylor I Amy 

- - - - - - - - - - .. .. -
Table 2. Oil fields in the Northwestern Palo Duro Basin 

Discovery Date Depth (ft) Reservoir 

5/57 6,101 Lower Virgilian Limestone 

9/57 7,116 Missourian granite wash 

7/59 6,664 Missourian dolomite 

3/82 7,156 Granite wash 

1/79 6,786 Missourian granite wash 

10/79 6,110 Virgil ian algal limestone 

7/80 5,720 Granite wash 

2/81 5,942 Pennsylvanian sandstone 

3/69 7,093 Granite wash 

8/81 6,542 Granite wash 

8/81 7,058 Granite wash 

1/58 8,524 Missourian granite wash 

7,8'JY -- Granite wash (upper) 

9,956 Lower Missourian granite wash 

6,526 Missourian granite wash 

8,890 

6,368 Missourian granite ",asn 

API 
Drive Mechanism Gravity Porosity (%) 

40.0 

43.3 

36.6 

Dissolved gas and 43.2 18 
possible water dri ve 

Water drive 42.6 13 

Dissolved gas drive 42.0 4.5 

36.0 

42.8 

Water drive 39.7 17 

Water drive 40.4 11 

Dissolved gas and 42.7 10 
possible water drive 

43.0 

1983 Discoveries 

45.6 

43.2 

41.8 

43.0 

42.2 

* Es ti rna ted oil in place = 7758 bbl x Production acres 
acre-It 

.. • 



- - - -
Ave:ruge Ilet 

1'''r-Jlle~t1)ili ty (lI.d) pay (tt) 

15 

118 68 

3 25 

60 36 

(,0 III 

668 20 

- - -
IlIler_titi,,1 w:ller 
,~dljr<dion (90) 

42 

40 

45 

113 

32 

25 

x AveriJge net pay x Porosity x (I-water sdturation) 

- - - -
Table 2. (Cor.tinued) 

Estill'dteu 
Producti ve acres oil in place (bbl)' 

320 3,887,6119 

320 13,167,490 

400 1,920,105 

400 10,825,203 

440 10,468,583 

320 3,723,840 

- - - - - -
Tu tdl 1982 Pro(JuCliuli 

Gas (Met) l:rude oil (bbJ) 

0 0 

0 0 

0 0 

34,864 405,5011 

68,'153 329,606 

27,566 119,3511 

26 671 

20,817 1,675 

2,723 6,794 

8,052 209,141 

114,6311 1187,987 

0 0 

ClIIllulative oil 
pruuuction to 

1-1-33 (bbJ) 

.58,270 

97,195 

118,277 

405,508 

1,375,980 

333,492 

11,989 

5,485 

1191,349 

2,719,706 

526,830 

4,202 

7711 ubi/day 

216 bbl/day 

.53 Ubi/day 

93 bbl/day 
32 bbl/ddY 

- -



- - - - - - - - - - - - - - - - - - .. 
Table 3. Textural classification 0' halite with genellc significance. 

Symbol A B C 0 E F G H 

Hallie type chevron halite color banded/ chaotic mud- recrystallized recrystallized displacive halite cavity- fibrous fracture-
rock vertically stone-halite muddy halite anhydritic halite filling cement tilling halite 

oriented rock rock halite rock in other cement 
halite rock sediments 

Halite crystal 0.5 to 5 cm 0.5 to 5 cm 0.3 to 3 cm 1 to 5 cm 1 to 5 cm 0.5 to 3 cm 1 to 20+ em .3 to 1 cm 
size 

Halite crystal subvertical subvertical equant equant mosaic equant mosaic euhedral cubes equant mosaic fibrous 
shape mosaic; L:W= mosaic; L:W= l:l anhedral to or hopper 

3:2 to 4:1 3:2 to 4:1 OJ euhedral shapes .!:l 
c crystals 
Ol 
0 
0 

Composition anhydrite anhydrite, ~ mudstone, mudstone, anhydrite mudstone; cavity filling trace of hema-
common; mudstone, Qi minor minor also dolomite, halite is clean tite present as 

organics 
>. 

anhydrite anhydrite anhydrite but is associ- coloring agent: mUdstone 
'0 

possible c ated with otherwise, pure 
UI 0 mudstone and halite Ql ~ E Percentage <1 to 5% 1 to 5% 10 to 50% 1 to 10% 1 to 25% 50 to 99% anhydrite ... ~ ::::I insoluble 0. C 
E location anhydrite on within and (\l in masses within grains, along part- matrix for halite residues 

grain bound- between grains, E between halite minor between ings, grain ·c 
aries, partings; along partings, a. crystals; some grains boundaries 
mudstone only in pipes ID also within 

. 
.c 

in pipe fills '0 grains 
c 
ro 

FMd IRGlusloRs abundant, varied .... few varied varied few large and ? .E 
small; define l:l abundant 
relict growth OJ 

i: 
faces OJ 

rJ) 

OJ .... 
Associated with F along crystal F and E, H 0 mudstone beds may contain may contain non-halite all halite in non-halite 
halite types boundaries and and/or 0 in typically in- remnant A, S, remnant A, S, rocks types rocks 

pipes, Hand/or pipes dude remnant possibly H possibly H 
o in pipes S halite 

Identifying minute fluid bedding and/or 10 to 50% halite red, halite with 1 to euhedral to exceptionally fibrous halite 
characteristics indusions vertical orienta- mUdstone in brown, or 25% anhydrite, subhedral coarse, clear in fracture; 

along relict tion of crystals intercrystalline black, 1 to 10% no bedding J:lalite crystals crystals, fill many examples 
halite growth masses, cha- impurities, in sediments cavity in other are red 
faces otic texture no bedding salt type 
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Table 4-. Stratigraphic nomenclature for La e Permian Rocks, Permian 
Basin and Texas Panhandle. 

Lithologic Units 
System Series Palo Duro Basin Midland B [is in Delaware BasJn 

Quartermaster / Dewey Lak, Fm. Pierce Canyon Fm. 
(outcrop) 

z 
Dewey Lake 

Z (subsurface) <: <: - Fm. 
~ 0 
cG ::r: 
UJ U Alibates Rustler Fm. Rustler Fm. 0.. 0 

(informal 
succession) 

Salado/Tansill Fm. Salado Fm. Salado Fm. 
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Table 5. l<-i\r ages and geocnemical data from biotite in volc~nic asn beds, Quartermaster and 
Dewey Lake Formations, Texas Panhandle . 

Sample 072982, Caprock Canyons State Park, Briscoe County, exas (34°24'52""1, 10105'51"W) 

Sample weignt 590 mg 

9'6K 7.434 7.409 (ave.) 
7.383 

Ar 4O * 0.1438 0.1420 ppm (ave.) 
0.1402 

Ar 4O * 0.823 

Total Ar 40 0.850 

Age 257.:: 9 m.y. 

Laboratory Krueger Geocnron Labs, 
Cambridge, MA 

195 mg 

7.542 

0.1406 ppm 

79% 

251.::4m.y. 

The University of Texas at Austin, 
Department of Geological Sciences 
(F. W. McDowell, analyst). 

Sample S-9 I 5, DOE-Gruy Federal If! Grabbe Core, Swisher County, Texas (34°39'44"N, I 0 I °J7'55"W) 

Sample weignt 

%K 

Ar 4O* 

Ar 40 * 
Total Ar 40 

110 mg 

7.329 

7.393 

0.1435 

0.1552a 

0.718 

O.l78a 

7.361 (ave.) 

Age 261**.::.9 m.y. 

Laboratory Krueger Geocnron Labs, 
Cambridge, MA 

Ar 40 * = radiogenic Ar 40 
a - incomplete sarnple decontarnination 
b - total Fe as FeO 
c - calcula ted 
** - see text 

Constants Used: 
AS = 4.%3 x l,)-IO/ yr 
,I.e = 0.581 x 10-10/yr 

K1!O/K = l.!67 x 10-4 

:vlicrol2robe analysis Ions per 24 (O,OH,F) 
average of 10 analyses on 
5 grains, weight percent 

Si02 38.77 Si 5.844 

Ti02 3.84 Ti 0.436 

A1203 13.15 Al i.337 

FeOb 13.99 Fe 1.765 

.VlgO 14.44 Mg 3.243 

Na20 0.47 Na 0.139 

K20 8.90 (K=7.39%) K 1.711 

OHc 3.97 OH 2.000 

Total 97.53 Total 17,.l.75 
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Figure 1. Map of Texas Panhandle area showing location of Palo Duro Basin. 
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r Palo Duro Basin 

SYSTEM , SERIES GROUP FORMATION 

HOLOCENE I alluvium, dune sand 
. Playa 

QUATERNARY 

PLEISTOCENE I 
i .. Tahoka 

i 
cover sands" 

Tule / .. Playa" 
Blonco 

I I 
I 

TERTIARY NEOGENE I Ogallalo 

CRETACEOUS I I I undifferentiated 

TRIASSIC DOCKUM I 

Dewey Lake 

OCHOA 
Alibates 

------- Salado/Tonsil! 

Yates 
w 
a.. ARTESIA ::> Seven Rivers 
...J 
<1 

I 0 

I <1 Queen/Grayburg 
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Figure 56. Outcrop areas of the Dockum Group and locat'ons of principal cross sections in 
Palo Duro Basin used for this report . 
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Figure 61. Correlation of the Dewey Lake Formation and Dockum Group based on lithology 
and geophysical well log patterns, Rex White #1 (Randall #25) and Grabbe #1 (Swisher #17). 
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