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ABSTRACT 

Late Triassic (Dockum Group) rocks accumu l ated in a relict Paleozoic 

basin defined , in Texas , by the Amarillo Uplif t to the nOl:-th and the Glass 

Mountain s to the south . This basin I'Ia5 react i vated during late Paleozoic or 

Early Mesozoic by tectonic activity tha t probably was related to the opening­

up of the Gu 1f of r~ex; co. The bas i n subs.; ded , some re 1; ct pas it i ve elements 

were uplifted, and sediments began to accumulate in t he bas in. 

~lore than 2,000 feet of terrigen ous clastics , derived mostly from ol der 

sedimentary rocks , accumulated within the bas in. Source areas were ;n Texas; 

Oklahoma, and New Mexico; sediment transport l~as From the south , east, north , 

and west . The Dockum Group aC'cumu 1 ated ina var i ety of depos i t i (>na 1 sys terns 

_ including : (1) braided and meandering streams ; (2) a lluvi a l fans and fan 

deltas ; (3) distributary-type lacustrine delt as (highly constructive lobate 

de l tas) ; (4) lacustrine systems inc l udin g ephemeral and -relatively long-lived 

lakes ; and (5) mud flats_ 

Dockum sedimentation was cycli c . . Underlying cause of cyclicity was 

a.lternation of humid and arid climate ; tectonism most likely was the climatic 

trigger . Duri.ng humid climatic conditions lake level was relatively stable 

(lake area and depth were maximum); meanderi ng streams supp'lied sediment to 

high-constructive lobate deltas in the centra l basi n area (Texas and New 

r~ex i co) whereas bra; ded streams and f an de ltas It/ere dom; nant depos it; ona 1 

elements within southern and northern basin areas . Lake area and depth 

decreased dur i ng ar i d c 1 imat i c cond; t i ons, base 1 eve 1 \'/aS lowered , va 11 eys 

were cut into older Dockum deposits , and relatively small fan deltas wer e 

constructed along margins of ephemeral l akes; evaporites, calcretes, sil­

cretes, and so il s deve loped upon f loors of ephemer all akes and on de lta 

platforms. 



Occurrence of uranium in the Dockum Group has been knolo/ll for years . 

Assoc i at i on between depos it i ona 1 fad es and uran ium occurrence was f ; rs t 

doc umented t hroug h research by t he Bureau of Economic Geology . Twenty-five 

dist i nct depos it iona l facies have been recognized i n the Dockum; each of these 

fac i es contai ns uranium . Highest uranium values are in lacustrine facies 

which devel oped und er ar i d cli matic conditions; hOlolever , only a few ar'eas 

exhibited hi gh values . Channe l-l ag facies of meanderbelt systems general ly 

exh ib it ~ons i stent l y higher uranium values t han other depositional facies . 

Crevasse channel and crevasse sp l ay deposits associated with ,me andering 

streams and delta distr i butaries loca lly contain carbonized wood somt! of 

which contai ns ur an i um . Fac,i es of high-constructive lobate deltas contain 

uranium j, highest values are exhibited by de lta front sandstones. Some valley­

fill 'deposits are mineral ized j 'r adioactive minerals mostly are \'/ithin con ­

gl omeratic parts of the sequence . 

Uran i um deposits within the Dockum Group are , for the most part, epi ­

genetic and genera l ly occur within sands tone bodi,es . Four sources of Ul'anium 

for Dockum mi neral i zation are possib l e: (1) Tr i assic volcanics; (2) igneous 

' rocks in Okl ahoma ; (3 ) Cretaceous vo l canics; and (4) Tertiary volcan i cs . 

Althoug h there i s a rel at i ons hi p between uranium occ urrence and deposi ­

t i onal facies~ pred i ction of areas of uranium occurrence is difficult because 

of a rather complex ground- water history . Ground- water flow was fOl' the most 

part basinward (dmlO depositional s l ope) during deposit ,ion and shallow burial 

of the Dockum . ~ros i on dur i ng Jurassi c and Ear ly Cretaceous influenced l oca l 

ground-I'/ater flow wh i ch \'Iould have been tQ\~ard erosional lows . Ground-water 

chemi stry was probab ly affec t ed by mar ine transgression during Cre~aceous. 

Fol l owing accumu l ation of Cretaceous sediments, erosion again dominated the 

area of the Dockum basin ; erosion prevailed until somet ime durin g the 



Pliocene . Pliocene (Ogallala Formation) wet alluvial fan deposits accumu­

lated upon a highly dissected surface underlain in p,art by Cret(lceotJs rocks. 

but most of the area was underlain by the Dockum Group. During and subsequent 

to Pliocene depnsition ground-\1ater floI'I was to the east in both the Ogallala 

Format i on and the upper par t of the Dockum Group. 

At present, there are two favor ab le areas for uranium exploration in . 

outcrop : (1) Tule Canyon- Palo Duro Canyon area, and (2) from southern Dickens 

County so.uthltlard through Mitchell County . \~ithin the subsurface a widespread 

radiometric anoma ly occurs at the top of the lO';lennost prog,radational 

sequence ; this anomaly is a few hundred to more than 1 ,000 feet b~loltl ground 

surface. A fourth favorable area for uranium exploration is the uppermost 

DockUm which has been di ssected and is immediately overlain by the volcanic 

ash-bear i ng Pl i ocene Ogalla la Formation . 





INTRODUCTION 

The Dockum Group in northwes t ern Texas and eastern New r'lexico was studied 

;n outcrop and subsurface i n cooperati on with tile U. S. Geological Survey 

(Grant Number 14-0B- 0001- G- 410) for the purpose of: (1) determining the 

depositional systems \'1ithin the Dockum, (2) establishing relationships 

between uranium occurrence and depositional facies , and (3) deriving a model 

\'Jhich may be employed in uranium exploration . 

A {irst report on the Dockum Group. submitted to U. S. Geological Survey 

;n February , 1978, concerned the lm'ler half of the Dockum Group (in outcrop 

and subsurface) in Texas and NevI Mexico south of the ~1atador Arch . The first 

report described the depositional fr amework for the lower half ~f the Oockunl 

Group . Most conclusions contained in the first report were derived from 

reconnaissance and deta il ed outcrop studies. Initial subsurface analyses 

south of the Matador Arch indicated that depositional facies recognizable in 

outcrop could be identified and mapped in the subsurface. The first report 

emphasized a combination of tectoni c and climat i c control s on Late Triassic 

fluvi.a l., de lt aic , and l acustr i ne sedimentation. It tentatively concluded 

that opening- up of the Gulf of Mexico strong ly influenced the style of Dockum 

deposition . It was also postulated that volcanic activity that accompanied 

hors t and graben deve 1 opment ViaS a pas sib 1 e source of urani urn-bear i ng 

detritus from \.,.hich radioactive materials contained within parts of the 

Dockum were derived. 

Subsurface \'/ork, througllOut the Dockum oasin in Texas and NevI ~Iexico, \'las 

performed contemporaneously with outcrop work . E"ach phase, outcrop and sub­

surface analYSiS, was compared with the other to verify the validity of the 

environmental interpretations . Thel"e is general agreement between facies 

1 
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interpretations made from outcrop st~d;es and sandstone trends and gamma-ray 

log characteristics for the subsurface Dockum . 

This report emphasizes the 5ubsurfac,e Dockum Group in 51 counties in 

Texas and eight counties ,;n New Mexico and selected outcrop areas in Texas and 

Ne\'1 t1exico . The ent i re Dockum Group \o/as investigated for the purpose of 

determi ning: (1) the depositional history of the southwestern Tri ass ic 

basi n, (2) depositional systems operative during accumul.ation of the Dockum 

Group . and (3) the subs urface di str i bution of radioactive ~nomal ies and the 

association (if any) of those anomali es with deposit,lonal facies. 

Sections of this report were written by ~lcGowen J Granata , and ,Sen;. The 

following sections were Io'ffitten by HcGowen : (1) abstract, (2) introduction , 

(3) parts of the section on outcrop geology (part of the Northeastern New 

Nexico area, and all of the .Canadian River Va ll ey , Tule Canyon, Dicken­

Mitchell County area, Depositional Systems, Modern Analogues for the Dockum), 

(4) Dockum Depositional Systems: A SUrMlary , (5) Ur·anium Occurrence in Dockum 

Outcrop Facies, (6) Depositional and Erosional Events that Affected the 

Dockum Ground-14ater System, (7) Hypothetical Evolut ion of Ground-14ater 

Systems, (8) Possible Uran1um Sources, Mechani"sms and Timing of Emplacement, 

and (9) Conclusions . Granata ' s pri mary responsibility was the Dockum sub­

surface . Granata wrote the following sections : (1) Regional Geo·logy of the 

Dockum Group, (2) part of the section on outcrop geology (the major part of 

Northeastern New Mexico area) , and (3) Radioactive Anomali es from Subsurface 

and Radiometric Data, Dockum Group . Seni 1 s primary responsibility was out ­

crop work in Palo Dur.o Canyon. Sen; also participated in part of tile regional 

outcrop reconnaissance Io'/Ork, and detai led outcrop work in Garza County. Tile 

section on outcrop geology of Palo Duro Canyon was ~Ir ;t ten by Sen; . . 
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More than 2, 000 ganma-ray 109S from oil I'le 11 boreho I es were used i n the 

subsurface study . Rock cuttings from several boreholes I'/ere described; 

lithic descriptions were used as a means to check lithi c 'interpretations made 

from gamma-ray log patterns. 

General Setting 

. The Upper Tria,55;c Dockum Group accumu l ated in a bas in that underlies 

96 ,000 square ·miles (249;600 km2), parts of Texas. New I-lexica , Colorado, 

Kansas and Oklahoma (fig . 1) . The area of investigatlon ;n Texas and eastern 

New Mexi.co covers 73 , OOO 'square miles (189,800 kmi ) . Location and geometry of 

the basin appear to be related.to Paleozoic structural elements (fig . 2) which 

probably originated in Late r~ i ssissippian (Nicholson, 1960). In the norther n 

,' part of the area relict s t r uctur al elements are the Amarillo Uplift and Bravo 

Dome . Structure i n' the ' southern part of the basin is partially obscured by 

, evaporite solution resulting from Cenozoic surface drainage (Mi ller. 1955; 

Hills , 1972) . The Matador Arch apparently was inactive during late Tri assic 

and exer ted 1 it t 1 e i nfl uence on sed i men tat ion . Sandstone depos it i ana 1 pat-

ter ns in the lower half of the Dockum were unaf fected by the Central Basin 

Pl atform (f i g. 3). 

Dockum and under l ying Permian Strata are red, but Dockum facies, which 

accumulated in fluvial, deltaic , and lacustrine environments are in marked 

contrast ~ith Permian evaporites and terrigenous clastics which ~/ere depos­

ited under arid conditions i n res t ricted, shallow, hypersaline water bodies, 

tidC!-l f l ats and sabkhas . In some areas Permian and Triassic strata are 

separated by an uncol')formity . Elsewhere sedimentation appears to have been 

continuous from Permian into Late Tri assic time. lOl'/er and Middle Triassic 

deposits are perhaps represented by such Upper Permian deposits as Pierce 

Canyon redbeds (Lang , 1935) and Dewey Lake r edbeds (Page and Adams , 1940). 
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The Dockum basin received sed iment from the east, south , west, and north . 

Low l ands to the east and west I'Jere traversed ch i efly by meandering streams . 

Higher gradient streams ~·lith flashy discharge existed at northern and 

southern ends of the bas in. Chief sediment sources were Pa leozoic sedimentary 

r ocks . 

In thi s report, Triassic strata are analy~ed in terms of genetic facies 

that compose depositional sys t ems , and Dockum Group is the on ly formal strati ­

graphic term applied . 

Prev ious Studies 

Numerous studies have been made of the Dockum Group dur ing the past 80-90 

years . CUlTl1lins (1.889 ) named the Dockum Group ·which was divided by Gould (1906 

and 1907) in the Canadi an River vall ey ar ea , into a lOl-ler mUdstone (Tecovas 

Format i on) and upper sands tone (Truj i 11 0 Format i on) . Adams (1929) was amon9 

the first to attempt to interpret the depositional environment of the lJockum . 

He bel i eved that the Tri ass i c depos i ts south of the 33rd para 11 e 1 accumu 1 a ted 

in a flood plain-alluvi al fan setting. 

Several dissertations and theses have dealt wi th spec ific s tr atigraphic , 

pal eontologi c , and sedimentologic aspects of the Dockum Group (Green, 1954 ; 

Kiatta , 1960; Cazeau , 1962 ; and Cramer, 19}3) . Asquith and Cramer (1975) 

stud i ed sands tones with i n the T ecovas and Truj; 11 0 Format ions . A 11 these 

workers agree that the Dockum is the product of a continental regime . ' 

According to Green (1954) the Dock um probably accumul ated under pre­

vailing semiari d conditions that at times became more humid and ,at other times 

shifted toward aridity . Kiatta (1960) beli eved the Tecovas \'Ias deposited on a 

f lood plain and the Truj ill o accumu l ated in stream channels . Cazeau (1962) 

stated t hat early deposition of t ~e Dockum Group vias ch iefly on flood plains , 
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succeeded by deposition in lacustrine Of' ~s tua.r;ne env ironments . Asquith and 

Cramer (1975) state that sandstone bodies within the Tecovas represent point 

bars of meanderi ng streams and that Trujillo sandstone bodie"s were laid down 

as braided alluvial sheets . 

Fi'nch (1975) repor t ed on the occurrence of uranium ;n the Triassic . ,He 

inferred that·'th.e Tecova::; Formati~n repr es'ents chiefly lacustrine and deltai~ 

sedimentation and that the ·Trujillo Formation consists of fluvial sandstone 

an.d conglomerate and lacustri ne and deltaic muds tone. 

Subsurface Procedures 

Approximately 2 , 000 garrma- ray l ogs compose the data base of the subsur­

face study . Few electric logs t hat penetrate the Dockum sect i on are avai l­

. ab l e , and most of these ' are of poor quality because of low contrast between 

the salini ty of borehole fluids and formation fluids . Also , for purposes of 

mapping sand facies, data from electric logs I'lere found to be incompatible 

I'lith that f r om gamma- ray l ogs . . The SP curve? for exampl e. responds somewhat 

~o porosity and thus res ponds to "sandstones" by a textural definition: Thus , 

an SP l og might show as . "sandstone" a rock composed of sand-sized clasts of 

mudstone . Garrma-ray logs , on the other hand, measure the na"tural radio­

activity of r o.cks . Radioactive elements ' suc h as uranium, thorium , and potas­

sium emit gall11la rays . Sediment cont aining clays with a high potassium content 

(e.g . , i11ite) have higher gamma radiation l evels than clean (no interstitial 

c l ay) terrigenous silt and ·sand . Thus, gamma-ray logs respot:\d to "sandstone" 

of a mineralogica l definition . In this study , therefore , we are mapping 

"sandstone" facies composed of relatively cl ean quartz sandstones and s ilt­

stones . This genera l relationship between gamma-cu rve response and lithology 

I'las verified by comparing l ithic composition from well cutti ngs with garrma log 

properties . 
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By mapping clean quartz sandstones and siltstones , we are mostly looking 

at sediments derived from outside the immediate basin of deposition and depos­

ited by processes conducive to good sorting of sediment (e . g. , longer du ra,­

tion , lower intensity). Such processes were operative during . high base l evel 

stands (documented by outcrop studies). High base level stands were dominant 

early \I/ithin the ' two major Dockwn cycles (discussed in sections on Dockum ' 

Stratigraphy) and became less corrman . later in the se cycles . Sediments .that 

compose 101'1 stand depos;~s (documented in outcrop studies) ,were eroded from 

older Triassic deposits and , consequently, a large proportion of these sedi­

ments were derived from older mudstone facies . r~any sand and ~ravel-size 

cl asts "undoubtedly are recorded as fi ne-grai ned depos its on gamma-ray "logs . 

Hence, sand percentage maps probably reflect principally depositional systems 

operating during high stand . 

An additional l imitation is inherent in interpretations based on gamma­

ray logs alone . Sandstones with a high content of uranium or potassium­

bearing mi ca may appear on gall1T1a curves as mudstones . Though probab"ly signif­

icant on a smaller scale it wa~ assumed that these errors d id not affect 

regional sandstone distribut i on patterns. 

It was obser ved that for a given gamma-ray log , the net thickness of 101'1-

gamll!a-ray-level response within the Dockum section \'ldS relatively 101'1 . The 

net thickness of intermediate- garruna- raY-l eve l responses was relatively high . 

In tabulating sandstone thickness data, a vertical line \~as drawn on the log, 

far enough to the l eft (low on the radioa ct i"vity scale) to exclude the bu l k of 

the intermediate-gamma- r ay- level responses. The parts of the curve to the 

left of this "line were counted as sandstone (fig . 4) . 

The terri genous c 1 as t; c sect i on immedi a te ly be low the Dockum ; s known as 

the Pierce Canyon redbeds (lang, 1935) in the Delal'lare Basin and is called 
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Dewey Lake redbeds (Page and Adams, 1940) in the ~l;d"[and Bas in, According to 

Miller (1955) the Pierce Canyon and Dewey Lake r edbeds are lithically homo-

geneous and consist of very thi.nly and evenly bedded, clayey and sandy silt ­

stone cemented with gypsum and calcite. Subsurface data generated during this 

i nvestigation suggests that thi.s clastic interva"' maintains. this uniform 

l itho l ogy over a wi de part "of the D~ckUl~ basin, thereby producing a reference 

section of known lithology on each log. Placement of the "sand line" on logs 

was always made so as to exc lude the Dewey Lake siltstones .. This procedure 

served to guard against variability in logging tools and ;n amplificat i on 
, 

(scales) amo ng logs . 

Limited interpretation of vertical textural trends I'Jere also made from 

individual gamma-ray ' logs . Gamma-ray logs have been used in the interpreta­

ti on of deposit i onal environments of terri genous clastic deposits that under-

1 ie parts of the North Sea (Selley, 1976) and the sedimentology of petro l eum-

bearing strata in the Niger Delta area (Weber, 1971) . In these tl'lO studies 

gamma-ray logs were used ;n the manner that SP curves are used to determine 

textural trends . 

Outcrop r'lethods 

Rocks were studied' ill outcrop (both reconnaissance and detailed field 

work) by meas uring and descri~ing sections and by making photomosaics where 

extensive lateral exposures were present. Rock color, lit hol ogy. vertical 

, and lateral variations in scale , and type of primary sedimen tary structures' , 

textural trends, b-iological constituents (body fossils and i chnofossils), and 

accessory or mi nor rock types or minera l components (for example , chert , 

gypsum, and salt casts) were recorded for each outcrop area . 
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Depositiona l facies were determined in the field at each outcrop . Cross­

sections and fence diagrams were constructed from outcrop descriptionsj 

photomosaics were al so utiliz ed for facies mapping, particularly where out­

crops were inaccessible. 

At each outcrop directional features (axes of trough-fil l cross - strata, 

dip direction of foreset cross- strata, direction of ripp l e mi gration, and 

part i"9 1 i neat i on) \1ere measured if exposed on a beddi n9 surf ace where there 

\'/as no doubt as t o the type of sedi mentary structure being rpeasw'ed . Direc­

tional features in conjunction wit h sand-body ge~metry were used to determine 

sediment transport direct ion. 

Samp les were col lec t ed at all outcrops for analysis of uranium content. 

The objective was ' to determin£! . the uranium-bearing potential of each deposi­

t i onal facies . Thin se·ctions and c l ay mineral" sl ides were made from represen­

tative samp l es from the entire Dockum oll t crop . 
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REGIONAL GEOLOGY OF THE DOCKUM GROUP 

Structural and Stratigraphic Framework 

The major structural features of the Dockum depositional basin are shown 

in figure 5, which shOl'ls pr esent structural relief on the base of the Dockum . 

Study of Dockum depositional facies indicates that . basin 'configuration during 

Dockum deposition was approximately the same as that preserved today . The 

regiona l .structural setting of the Dockum Group ;s characterized by a series 

of interc9nnected basins separated to varying degrees and locally bounded by 

structurally positive features . These basins and highs, actjve during 

Permian deposition , appear overall to have exerted less influence on Dockum 

than on Permian sedimentat i on. Bas;m~ard stratigraphic ·thickening \~;thin tile 

. Dockum .; s typ i ca 11y five f eet per mi .' e (1 m/km). Observed; n au tcrap, rock 

sequen~es from individual (not ver t ically stacked) depositiol1al systems are 

generally less than 100 feet (30 m) thick . Depositional facies suggest that 

both diffe·rential structural movement and topographic relief were low vlithin 

the Do!=kum basin. Effect of indivi dual .structural features on different 

attributes of the Dockum are dis cussed with those attributes . 

Figure 6 shows the position of cross sections used in this report . Cross 

sections and the thickness map for · the lower part of the Dockum (fig . 7) 

indi cate that the center of the DockUm depositional basin lay close to the 

center of the ~lidla.nd Basi n in Late Permian time. Therefore , · an erosio"nal 

unconformity between Dockum and underlyi ng units; s un 1 i kely at 1 eas t at basi n 

center . Figure 8 (isopach of Dewey Lake interval) exhibits areas of p)' e­

Dockum erosion. In Texas these areas coincide with the crests of three 

structurally high featUres : (1) the Central Basin Platform, (2) an unnamed 

arch in and northwest of Sterl ing COUllty, and (3) the Bravo Dome . In NeVI 
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I .. -lexica a l ong a northv/est trend across the northwest part of the study area , 

rocks of the Dockum Group li e on progressively older Permian rocks . [ 11 

southeastern Colfax County . Ne\'/ I'lex i ca, t~cKee and others (1959) report rocks 

of Pennsylvanian and Precambrian age immediately beneath the Dockum . 

Throughout most of the study area Dockum rQcks are under l ain by a continuous 

terrigenous clastic interval knO\'In as Dewey Lake redbeds in the Midland Bas;n 

and as Pi eree Canyon r edbeds in t he De 1 aware Bas in. Pal eon t o log; ca 1 . evi dence 

for the ~ge of the Pi erce Canyon/Dewey Lake interval i s lacking . HOIo/ever, 

'cross sect ion MW (f ig. 9) suggests a direct correlation between the Pierce 

Cany.on of the Delaware Bas in and the Bissett Conglomerate outcrops of the 

Gl ass I~ountains. King (1935) concluded that physical and paleontological 

evide nce favor an Ear ly Triass ic ag~ f or the Bi ssett . Thus, t he Pierce 

Canyon/Dewey Lake inter va l may represent the "missing" sediment interval 

be tween the Permian and the continuously deposited Late Triassic Dockum 

Group . 

The base of the Dock um is defined on gamma logs for the purpose of this 

study as the base of any muds ( high radioactivity response) i mmediate ly under ­

lying lowest Dockum ~andstone (see f~ g . 10 I'/ells 96 , 486 Gaines County), or 

converse ly as the top of the si l tstone interval (intermed i ate radioactivity 

response) i mmediate ly overlying t he Permian evaporite section , This defini­

ti on holds over most of the Midl and and Oelal'Jare Basin . over the western part 

of the Central Basin Platform , and over' parts of the Palo Du r o Basin . Around 

the margins of the bas ins where units thin somewhat and where ther e is consid­

erable vertical and l ateral lithol ogic variation both within the Dockum and 

the Upper Permian. the base-of-Dockum pick i s correlat ed from well to wel l . 

In the extreme southern part of the f~idland Basin a 25-200- foot, pr ogra­

dat i ona l (coarsening upward ) sequence of sediment 1 ies between what is 
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defined as top of the Dewey Lake and base of the Dockum. This lobe (labeled liB 

Lobe" on cross sections SSI, fig . 10, anp MW, fig . 9) of sed i ment is mapped 

in figure 11 . B lobe ;s lithologically similar on gamma-ray logs and has a 

direction of transport simi lar to overlying 1m-lest Dockum sediment. Whether 

or not this early pulse of ,sedirne!1t from the re la tive l y active southern source 

area is equivale,nt to any of Bissett Conglomerate/Pierce Canyon section in the 

Delaware Basin ;s not k no~m due to truncation of the Dockum section over the 

Central Basin Platf orm . 

The sub- Dockum unconformity in and west and northwest of Quay County 

(cross section LL~ . fig . 12), Nel-I Mexico is of extremely low ang l ~ over much 

of its extent. In outcrops along the Pecos River north and south of San t a 

Rosa , erosional relief was found to be less t han one foot ( . 3 m) over the 

distance of sing l e exposures . This hiatus ;s considered to ,represent a period 

of gentle erosion or nondeposition . 'The lower sandstone membel' of the Santa 

Rosa Sandstone (informal stratigraphic members mapped by Gorman and Robeck, 

1946) appears on gamma-ray logs as a muds t one interval . This mineralogically 

dirty sandstone thus appears on the map of the lowest Dockum mUdstone (fig. 
, 

13) as ' a southeasterly directed lobe . The outcrop equivalent of th i s sand-

stone accumulated as a low gradient fan. It , differs in deposit i onal style and 

lithology from over lying sandstones which are the lowest sandstones that are 

correlatives of the rest of the Dockum basin. Thus, this sandstone (lm'ler 

member) may represent deposition ,dur i ng part of the missing interval below the 

Dockum . 

The Dockum Group is overlain by Jurassic sediments in northeastern New 

Mexico (figs . 14 and 15) . The original extent of Jurassic deposition is not 

known. Prior to deposition of Cretaceous strata JUI'ass;c deposits were 

removed in basin margin areas and upper Dockum rocks were eroded . Present 



Figure 13. Generalized Isopach map . l owest Dockum mud5 ton~ unit. Mudstone unit (take bottom 
and prodelta) represents Initial Dockum l acustr ine transgression and subsequent deltaic pro­
gradation , respect i vely. 

This l owest mudstone facies (and by Inference , t he InHlal l ilcustr l ne environment) is 
absent north of Midland Bas in, except In Tucumcar i Bas i n. Nor th of Mid land Bas ln'l owes t Oockum 
fluv ial sandstones rest direc tly on pre-Dockum rocks, Large l obes thllt occur In northl1es tern 
and northea s t ern par t s of map area are c l ay-bearing sandstones wh ich , on galflRa-ray logs , ap­
pear t o be mudstones. These two clay- beari ng sandstone bodies are equiva l ent to alluv ia l fa n 
deposits in outcrop. 

The area of greatest thi ckness in the southeastern Hldland Bas i n represents muddy pro­
delta faci es where fan deltas entered the bas in from the south. 

An earli er . 'l owest Dockum or pre-Dockum , de[los it al so progratled into t he basin from the 
south . This un i t Is Informa lly ca l l ed "D- Lobe" (F!~, 11), Where sands do not occur In t.he 
"B-Lobe', " tt cannot he distinguished from t he over1y!J l!l Dockum mudstone unH; consequently, 
thickest va l ues represen~ an undIVided "B- l obe" and l owes t Dockum mudstone uJ) tt, 
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distribution of Cretaceous rocks suggests that the entire area presently 

underlain by Dockum rock s I'JaS covered by the Cretaceous . Both Cretaceous- and 

Dockum rocks were subjected to erosion prior ' to deposition of the Tertiary 

Ogallala Formation . . Cretaceous strata were removed from most of the Dalhart 

Basin-Amarillo Uplift trend-Palo Duro Bas;n area and from a strip trending 

east-west across the southern Midland Basin . This strip appears to have been 

the stream valley f or an ' eastward- flowing Early Tertiary .(pre-Ogailala) 

stream . . f~os't of the area under l ain by Dockum rocks was. covered by the 

Pl i ocene Ogallala formation, largely wet alluvial fan deposits shed from the 

rising Rocky Mou ntains to the west . Subsequent to Ogallala deposi.tion , ero­

s i on of Dockum rocks has been act i ve al ong the eastern escarpment of the High 

Plai ns , along the Canadian and Pecos River valleys , in the structurally ele­

vated northwestern part of the study area , and over the Central Basin Plat­

form .. The up.per surface of the body of Dockum rocks, though apparently 

largely erosional , is dominated by a structural tilt to the southeast "of 10 to 

15 feet per mile ( . 5" to . 75 m/km) . 

Deposit i on of the Dockum Group 

Maximum preserved thickness· of Dockum rocks, 2, 000 feet (600 m), occurs 

s l ightly west of the center of the Midland Basin (fig . 16) . In order to map 

. more accurately sand facies within the Dockum it was necessary to subdivide 

the Dockum into thinner interva l s . Dockum rocks are characterized by a 

comp l exity of localized "genetic units whose sand facies show very little 

l ateral cont i nuity . Continuous or correlatable individual beds are non­

ex i stent on the scale- used in this study . In order to find cOlTelatable 

cycles of lithology usefu l for subdividing the section, it was necessary to 

look at "average ver .tical sections !! derived from several closely spaced 
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wells . Average vertical sect i ons from different parts of the basin were then 

corre 1 ated. Two 1 ml frequency eye 1 es of I i tho 1 09Y ... Jere found to ex; s t 

throughout the study area upon whi ch higher fr equency 1; thic changes are 

superimposed . The lower cycle is characterized as having a sandy lower 

segment which gives way to an increasingly muddy upper part . The uppet" cycle 

consists of a similar overall finin g up~/ard sequence in outcrops in the 

northwes t ern part of the study area . However, a fining-upward character ;s 

not typical of this cycle farther south in the northwestern Midland Bas;n . 

Here, sand from an eastern source was deposited throughout the preserved part 

of the upper Dockum eye 1 e . Si nee the two Dockum 1 ith i c cyc 1 es 'are recog­

nizabl e throughout the basin despite differing source areas, they are in­

ferred to be due to cli matic and/or tectonic variations . 

Oepos it i on of the Lmler Cyc 1 e 

The preserved extent of the l ower Dockum cyc l e coinc ides with the maximum 

preserved extent of Dockum sediments . It obtains a maximum thickness of about 

1400 feet (420 m) south of the center of t~e ~Iidland Basin . Two hundred mi l es 

(320 km) north in Quay County , New Mexi co, the equivalent sect ion is 600 feet 

(18U m) thick . 

The lowest part of the Dockum section ;s a mudstone (fig . 10, section 

BB ' , well #96 Gaines County) which varies from a few feet to about 200 feet 

(60 m) thick (fig . 7) . This interval i s made up of l acus trine and prode lta 

muds composing the basinward mudstone faci es of both the initi al lacustrine 

transgression and the subsequent delta progradations. 

The l owest Dockum sandstone (fig. 10 , section BB' , well #486 Gaines 

County) represents the updip sandy facies of the init ial progradational 

sequence . It \'/as derived from many different source rocks surr.ou nding. the 

basin. Thi s sand has been mapped in Nevi !~exico as t he Santa Rosa Formation 



14 

and has been informally called the Santa Rosa Sandstone throughout the entire 

I~idland Basin . Gorman and Robeck (1946) subdivided the Santa Rosa Formation 

i n north-central Guadalupe County, New Mexico, into four informal members , a 

lower sandstone, a midd le sandstone , a shale member, and an upper sandstone. 

Subsurface cross section XX' (fig . 17) is extended to the surface (fig . 18) 

north of Santa Rosa , New Mexico in an area where the upper three members crop 

out. The upper two sandstone members are not individually mappab le units in 

the subsurface. The lowest member , as mentioned previous.ly , appears as a 

mu'ds~one on gall1113- ray l ogs and ;s mapped in f igure 13 . 

An indication of the reg i onal distribution of depositional .systems is 

gi ven by a map of the vert i ca 1 sequence of 1 itho 1 og i es at the base of the 

lowest Dockum sandstone (f i g. 19) . A clearcut progradational (coarsening 

upward) sequence is preserved on 1y toward the center of the ~1l dl and Bas in, 

suggesti ng t hat the Early Dockum l acustrine environment was confined to the . . . 

Mid l and. Basin . The original extent of the lowest Dockum progradational 

sequence was mod ified by subsequent scouring .through t he progradational 

sequence by fluvial systems . 

Sand percentage maps suggest cumul ative geometry of mineralogically 

cl ean quartz sand bodies for the i nterva l mapped . Geometry of a high-percent­

age sand area i s determined by: (1) the distribution of sandstone ""ithin a 

depositional systems , (2) the in.terrelation of sandstone bodies with sand­

stone bodies of adjacent systems , and (3) the amount of vertical stacking of a 

s in g 1 e system or over 1 appi ng of adj acent sys terns through time. Subdi vis i on of, 

the Dockum Group into upper and l ower parts for sandstone mapping \~as intended 

to reduce number 3 above as much as possible . However, within the lower part 

of the Dockum Group, sandstones near the base consist of vertical stacking of 

1 to 4 progradat i ana 1 cye 1 es . Th is type of stack i n9 preserves pa 1 eos 1 ope-
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indicative patterns but obl iterates detai led sand patterns of si ng le systems . 

Overlapping through time of adjacent systems occurs toward the bas in center 

and where adjacent basin margins meet at higher angles, as in Cochran County, 

Texas . This overl.apping' tends to obscure even primary paleos l ope trends . 

The ~1;dland Bas;n i s rimmed on its western , northern, and eastern sides 

by dip- oriented sand-percentage hi ghs "hich bifurcate basinward (fig . 20) . 

In the subsurface adj acent to outcrops ,in the eastern r·1idland Basin, a wes t­

er ly direct i on of transport indicated by subsurface sandstol)e trends cOI'rob­

orates with .directional data interpreted fr om outcrop . In the Garza Cou nty . 
area where outcrops have been extensively studied , it i s empir i cal ly known 

that subsurface sandstone percentage patterns indicate fluv; al and lobate­

delta sedimentation. though it ;s doubtful \·,het he r individual distributary 

patterns would appear on a map of this scale . Ver ti cal textural ( lithology) 

trends on ind i vidual logs (fig. 21 . cross section ee') and when mapped (fig . 

19) indicate an increased proportion of deltaic over fluvial deposits downdip 

from outcrop exposur es . One distinct de l ta is visib le on cross sec ti on ee ' 

(fig . 21 ) as a l atera11y continuous coar seni ng-upward sequence capped by 

mudstone and bound laterally by mudstones . 

The inference, by analogy, that similar depositional systems rirrmed t he 

northern and western Midland Basin t s consis t ent with other aspects of our 

understandjng of Dockum sedimentation. Vertic al textural trends on ind i­

vi dual logs (figs. 22 and 23 , cross sections AA' and yyl) also sugges t similar 

fluvial-deltaic sedimentation al ong the northern and western margins of the 

I·lidland Basin. 
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The broader percent- sandstone patterns developed north of the Matador 

Arch are probably due to : (1) the higher proportion of fluvial sedimentation 

north of the arch , and (2) the decrease in density of well control north of 

the arch . Outcrops i n Palo Duro Canyon, Texas and in the Santa Rosa area, New 

I~exico indicate tha t the Dockum Gr oup consists of fluvial sarids over l ain 

respectively by lobate- de l taic sandstones and fan -de l ta sandstones. 

In the Delaware Basin and southernmost Midland Basin, broadly coalesced , 

high per,cent-san dstone patterns def in e t he extent of fan 3t:1d fan-delta sys­

tems shed from source rocks to t he south . Greater than 90 percent sandstone 

and up to 600 feet (l80 m) gross sandstone thickness- is indicated 011 gamma-ray 

logs in parts of t his system . Garrrna curves typically show a scoured (abrupt) 

base and a general coar seni ng upward trend through the l ower part and a 

generally fining up ... lard trend thr ough the upper part of this sandstone 

sequence . Th i s fan/fan delta system is separated from delta systems· to the 

north by an unn amed structural ar c h (f i g . 5) . The Dockum section overlying 

the arch is characterized by a low sand percentage (figs . 20 and 24) . 

Deposit i on wi t hin the Upper Cyc l e 

Consider ab l y less is preser ved of the upper Dockum cycle than of the 

lower Dockum . Fi gure 25 shows t he preserved thickness of this unit . r'laximum 

t hickness of about 1,200 feet (360 m) occurs west of the center of the flidland 

Bas i n. I n New t~exico , t he base of the upper Dockum cycle corresponds to the 

base of sandstones mapped in outcrop as the Cuervo or ~1iddle Sandstone ~l ember 

of the Chinle Formation (Kelley , 1972a) . In Texas , along the Canadian River 

va ll ey, the base of the up per cyc l e appl'oximately coincides with the base of 

t he Trujillo Format i on as mapped i n Texas . 

Sediment (rocks) of the upper cycle had a western source along the 

western side of the Midland Basin (fig. 26). '·1inor sediment sources to the 
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eas t contributed sediment to the eastern part of the basin . 

upper cycle do not crop out in the southern part of the basin . 
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Rocks of the 

In San l1iguel 

county. New Mex i co, outcrops of sandstones at the base of the upper cycle silo'.'l 

a progradational sequence of thin overl apping delta lobes overlai n by fluvial 

sandstones . Individual delta lobes are t ypically 15 to 30 f eet (5-10 m) thick 

and contain at their base considerable quantities of ri p-up clasts or l acus ­

trine limestone nodules and mudstone. These observations indicate that these 

deltas prograded into a 5ha11 01'1 body of water. 

GEO LOGY OF SELECTED OUTCROP AREAS 

Most of the concepts relative to depositi.ona l framework of the Dockum , 

tectonic 31ld climatic imprint on sedimentation, and flu ctuation of base level 

during accumulation of the Dockum Group were developed fr om outcrop observa­

tions . Interpretation of the subsurf ace data was influenced by interpreta­

tions of outcrop geology, and subsurf ace It/ork completed subsequent to the 

outcrop work tends to strengthen depositional facies interp.retations of the 

Dockum in out.crop . 

Reconna i ssance and detailed outcrop work \'las cond ucted throughout Texas 

and in northeastern New Mex i co (McGowen , Granata, and Seni, i n press) . Out­

crop dat a from northeas t ern New Mexi co , Canad i an River va ll ey (Texas), Palo 

Duro Canyon, Tu l e Canyon, and Dickens-Mitchell Co unty area are summar ized in 

this paper, \~hich emphas i zes the regional subs urface dis tri bution of t he 

Dockum . 

Northeast NeN t~exico Area 

Dockum rocks are exposed in a wide outcrop belt along the Pecos and 

Canadian Rivers in De8aca , Guadalupe, San r.liguel. and Quay Counties. Ne~1 



Mexico . The exposed section includes perhaps the oldest and the youngest 

preserved Dockum rocks . 

The sandstone at the base of the Dockum is well developed in this area 

and is mapped as the Santa Rosa Sandstone . The Santa Rosa has been subdivided 

;n outcrop (Gorman and Robeck, 1946 ; Finch and Wright , 1975) into a lm'/er 

sands tone member . a mi dd l e sands tone member. a sha 1 e member , and an upper 

sandstone member (fig . 27) . 

The 'lower sandstone is charac t er'ized by a few feet to 100 feet (30 m) of 

intrabasinal conglomerate arid medium-grained sandstone at the base , fining 

upl>lard to fine sandstone . Typical exposures include one to three "incomplete 

sequences at the base and local rejuvenat ion s of the sequence in the upper 

part. 

An idealized vertical section cons i sts of : (1) mas,sive sand and conglom­

erate channel fill, (2) 2 to 4 feet of cro~sb'edded sandstone resulting from 

lateral migration of broad shallow channels, and (3) thin bedded (1.0 feet, or 

0 . 3 m) medium sandstone , becoming very thin bedded (1.0 inch , or 2.0 cm) 

upward. The l ower sandstone i s interpreted as a low-gr adient alluvial fan or 

fan delta deposit. Subsurface mapping and correlation indicate that tJle lm'l"e r 

sandstone may predate most of the l ower Dockum rocks. 

The middle sandstone member, 60 to 130 feet (18-40 m) thick, is inter­

preted to be a coarse-grained meanderbelt system . The lower part typically 

consists of 1 to 3 incomp l ete vertical sequences of abandoned channel fill and 

lateral channel fill (point bar) deposits record ing multip l e channel migra­

tions . A comp l ete vertical sequence of about 40 feet (12 m) from scour pool 

through upper point bar facies is preser ved at the top of the middle member . 

The sequence consists of : (1) about 5 feet (l.S m) of conglomeratic medium­

grained sandstone , (2) from 4 to 6 feet (1.2 to 1.8 m) of parallel laminated 



200 

Figure 27. 
and Wright , 
Wrtght. 

Bro· ... ,., 10 "!Jh'-!I<"V, enlc"i( wry r""e· 10 t"'''"'!I(~I'''''! >3ndSl""". 
Scdlln~nlDrv Sl.UCH"et in ,ha town, ~nd n,;ddl~ pO'll ~,a ripple ~lfl1t 
and pnrnllcl lHfDinhl !O I).o"dly unoJulOlory laminae, se<lirncnln'v 
.,ruclureS jo the Ulmer r:UrI Mil l.ou!j!,.r,1I Cfono$l'., •. 

18, 

--------------+-1 
Grayilh·red rlludl'''''M ,,,,,, calcitic .,IiIlOM end cry linc"!].m""d 
.a",'llo, ... , Sc-ctinlL"u" ", IIr"cl"'~. (lin r'[)IIla drifl. -o , 

_1- -

:Ji 
a 

Olive U'/IV 10 vellowis" orpy ulcnrr.ou. mudSIOIIO. TI,;" ,. \0 2.inch 
,,'mont ' 0 va,v linOll.plned sanduono ren'~1 ... ",1, WII\'~ "ppici. PI , ,, 
"'"'e.i,l,"ommon. 

• o 
S , 
:5 

~ I---j------- ----------------l-i 
Ycllo""'11 Ilfuwn /\",1 liOhl-Ur11V mlllr,,,,,,· to C03"o'll'nlncd 13I>dll""'" 
.,d pebble co<>!jIomera'e. Grain IIU ond scale 01 sedl1ncnlarv ,ltuel".'" 
dec,eale top ... ,,,,' . Scllomllll'",'" nrUC:'lIfL" are' ',o"Dh. I,1I C'Oll-1OlrPI3, 
10r010\ CfOIHlcala, pnrlil.1 :....,inario"~. 'ipple cton hrm'nlle. nnd "Ilfile 
drill . Plnn, deb,i. 15 C""''''OO1. 

-
~ 
~ 
o • • , 
11 
o 

" 
u 

-- _-. _._- -__ ... ______ -1-1 w 

PIIlu ,,,d l ;n~"!JfIl",~d wnlh,oo<:, locrollV conolom~t:l"t . Many "'.'Ct· 
lapping. Ih~lIo..., ch.l1nel·/ili l.ilUdslOOl! I.>o<liu. up 10 6 I~I ch,ek. 
Sed,ment.ry n,Uclu,fI. Ite trough. I, 1I c,ou.,.".la Ind 10luel trou· 
lIIill. 

PERMIAN ARTESIA GROUP 11,·tld"I·,· '''''''!~' I 'I'plc crns'~.''''i''nlr·d 
<>n<i 1'~I~I'~I·IJ"';"Jle" "Imo" •. 

Generalized section of Sa nta Rosa Sandstone (principal reference sec t ion of rinch 
1975 ) Guada l upe County, New l1exiCo . Info!~lal s t ratlgra phic units after Fi nch and 

2 

w 

'" 



19 

medium- grained sandstone containing some la)~ge sCdl e trough-fill cross ­

strata , (3) approximately 20 feet (6 m) of moderately v/ell-sorted medium­

grained sandstone consisting of small trough-fill cross-strata, and (4) about 

5 feet (1 . 5 m) of r i pple cross- lami nated fine- to medium-gr ained sandstone in 

one- inch to one-foot beds. 

Lacustri ne mudstone overl; es "the mi ddle sandstone member . Burroi'/s. 

pl ant mater; a 1. and carbonate nodu 1 es are 1 Dca 11 y common in the muds tone. 

Where over"lain by an upper sandstone member , the mudstone ,:"anges from a few 

feet to 50 feet (15 m) t hick . Lacustrine mudstone grades upward into progra­

dational deltaic deposits . 

The upper sandstone is interpreted as a progradational/transgressive 

fan-delta sequence . The under l ying lacustrine mudstone grades upward into 

alternat i ng mudstone and th in (1 inch, or 2 cm) sandstone beds . Mudstone is 

char acte r ized by soft-sediment slumps . Sed imentation units .,.lith;n delta 

foresets increase in thickness upl-'/ard (up to 6 inches, or 15 cm) . Broad (200 

feet , or 60 m) scour channe l s truncate the upper parts of foresets.. Some 

scour channel fill and foresets l ateral to distributary channel s consist of 

alternati ng thin beds (1 foot , or . 3 m) of rippl e cross laminated medium 

sandstone and t hin (6 inches , or 15 cm) mudstone beds. Channel fi 11 also 

i ncludes some lateral accretionary beds (alternate bars) and some 3 to 5 feet 

(1 to 1. 5 m) foreset crossbeds . Up to 80 feet (24 m) of 4-inc h to I-foot (10 

cm to 0 . 3 m) beds of ripple cross-laminated sandstone represent a vert;ca lly­

stacked and somel.,.hat t r ansgressive sequence of dista 'j fan-delta facies . 

Small (50 feet , or 15 m wide) mud-f i lled abandoned channels occur in the upper 

part of of the sandstone sequence. At the top of the sequence , sandstones 

grade by interbedding into lacustrine mudstones . 
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The upper tllree members of the Santa Rosa are interpreted to represent 

deposition within a si ngl e fluvial-del taic-l acustrine system . Outcrop and 

subsurface data indi cate that the coarse-gra i ned meanderbelt system was the 

most widespread . During the initial progradational episode of the Dockum, 

fluvial sys t ems covered the entire San ~1iguel-Quay-Guada l upe and northern 

De8aea County outcrop area . The number of fluvial systems operative at this 

ti me is not known . Subsurface data indi cate that the fluvia l env ironment 

extended (figs. 13 and 19) to t he Matador Arch, whi ch is a st ep mark i ng the 

northwest margin of the ~l;dland Basin. Midland and Tucumcari Basi~s probably 

were the first sites of Dockum del tation. Expansion of the l acustri ne envi­

ronment shifted deltation northwest into the outcrop area . Fluvial - deltaic 

progradat ions are 1 oca 1 i zed , and sands tone depos its exh i bi t 1 i mited 1 a tera 1 

cont i nuity above lacustrine t ransgress i on in the Dockum sec tioll. Lake l eve l 

f l uctuations and changes in volume of sediment transported by streams prob­

ably caused shifting in si t es of fluv ial - deltaic sed imentat ion. The 500 feet 

(152 m) of lacustrine mudstone that li es above Santa Rosa sandstones are 

mapped as the lower part of the Ch i nl e Formation in New ~l exico . 

Cuervo Sands t one Member (Ke l ley, 1972b) of the Chinle Formation records 

an ep i sode of fluvial - deltaic progradation into a shallow lake . The Cuervo 

progradational seq uence is 300 to ·350 feet (91 to 107 m) thick . The lo"er 

part comprises overlapping small (10 to 30 feet, or 3 t o 9 m t hi ck and a fel'/ 

hundred feet wide) delta lobes interspersed wit h 30 to 60 foot (9 to 18 m) 

i ntervals of lacustrine mudstone . Two to fiv e de1ta lobes are stacked i n a 

typical vertical sect i on . The rat i o of quartz sand grains to intrabasinal 

clasts increases from l ower to upper de lta units . 

Delta foresets consist of conglomeratic sandstone containing intra­

basinal lacustrine mudstone and limestone-nodu l e clasts . Channel fi ll, made 
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up of intrabasinal or quartz sandstone, truncates the tops of foreset beds . 

From base to top, stratif ication of channel-fill deposits consists of mas­

sive, trough cross - bedded, and horiz onta l heels . Foreset cross-bedded units 

near the top of delta sequences may represent splay deposits . The uppermost 

sandstones Of a delta sequence are typically thick, horizontally bedded or 

ripple cross-laminated. The uppermost beds of a delta sequence are burrowed 

and contain rare crustacean tracks. These biological structures record 5101'1 

depos it; on fa 11 01'/; n9 delta abandonment and founderi n9. 

The upper 30 to 50 feet (9 to 15 m) of the Cuervo Sandstone Membel' is 

fluvial sandstone that scoured through most of the underlying progradational 

sequence . Textural properties and sequence of pri mary sedimentary structures 

of the upper Cuervo Sandstone Member are analogous to those of the middle 

sa'ndstone member of the Santa Rosa Formation and are indicative of a coarse­

grained meanderbelt system. 

About 300 feet (91 In) of Chinle Formation overlies the Cuervo Sandstone 

Member. This part' of the Chin l e i s mostly l acustrine mudstone, but locally 

there are 10 to 30 foot (3 to 9 m) thick se9uence of deltaic sediment. The 

upper surface of the Chin l e is variagated purple, red , and light green, sug­

gesting a weathered surface. 

The Redonda Formation crops out within the Tucumcari Basin. Its south­

eastern subsurface extent is unknown. Redonda is interpreted , as a shoreface­

lacustrine facies tract . Fluctuations 'in lake level resulted in interbedding 

of those facies. The overal l vertical sequence represents an initial expan­

sion of the lake across Chinle deposit s foll owed by a pl~ogradation of shore­

face deposits through the lower half of the Redonda followed by gradual lake 

expansion and lacustrine sedimentation through the upper part of the Redonda . 

Bedding and lithology of the Redonda ar e l aterall y continuous . From offshore 
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(lacustrine) through shoreface the rock types are : (1) extensively burrowed 

clayey siltstone, (2) burrm'/ed sandy s'iltstone I'lith some horizontal bedd i ng 

and wave ripples , (3) slightly bioturbated horizontally bedded snty f ine 

sandstone , and (4) horizontally bedded i'iell-sorted fine sandstone \'lith fore-

set cross-beds up to 1 foot ( . 3 m) thick . Some of the well- sorted fine ­

grained sandstones contain beds of curled (desiccation) mud chips . Primary 

gypsum cry'sta l s occur as bl ades and r osettes with in some of t he sandstone . . 

beds . R~?onda sediments probably accumulated under relat;~ely stab l e lak"e­

level conditions \llhen climate was arid and sedimentation rates were slow . 

Canadian River Valley 

Within the Canadian River Valley ( in Texas) a lower mudstone sequence was 

not investigated . A section west 'of Tascosa (south of the Canadian !~iver) '.'Ias 

investigated . Here, sandstone sequences consist of, overlapping , broad sand-

stone bodies from 10 to 30 feet thick (fig. 28) . Some sandstone bodies ar e 

convex upward and - have lO'.'I-angle foresets along lateral margins that are 

char"acterized by inter bedded sandstone, silts.tone , and mudstone . Dominant 

sandstone strat i fication is · parallel or parallel- incl i ned laminae; tr.ough-

fill cross-stratif i cation represent s a minor type . Thin chan nel-f ill 

deposi ,ts (from 2 to 5 fe~t t hick) occur l oca ll y within sands t one sequences . 

Channel - f i ll ;s fin e- gra i ned sandstone consisting chi ef ly of trough-f ill 

cross - strat a" with some ripple cross laminae and mud drapes . 

Reddi sh-brown mUdstone and s i 1 ts tone that underl; e and i nterfi nger \"r ith 

sandstone beds record multip l e depositional events. ~lost of these sedi­

mentary sequences begin with coarse- grained si ltstone or fine-grained sand­

stone char acterized by parallel l amin ae, or massive mudstone . Soft sediment 

deformation is common to this facies. 
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Straight channels up to 40 feet deep were scoured th r ough sandstone 

bodies into underlying s1ltstone and mudstone . Channel-fill;s symmetrica l 

a,nd asymmetrical i ndicating t hat currents at times flo'lled both parallei and 

oblique to channel axes . Grain s"iz e of channel-fill deposits ranges from 

intrabasinal conglomerate (clasts were derived from older Dockum deposits) to 

mudstone . 

Strat ification of ~hannel - fill cons i sts of fOfeset cross-strata , trough­

fill cross-strata , paral l el laminae, ripp le drift, and rippJe cross-laminae . 

Foreset cross -stratified granule to pebble conglomerate is most ly confined to 

channel banks 11here foresets dip toward channel axes . t10st trough-~; 11 cross­

strata occurs in conglomerate and sandstone that occupy basal parts of the 

channel fil l , Th E;! most abundant stratification types withi n lmler channel­

' fill are parallel lami n ate~ and r i pple cross laminated siltstone and very 

fine-grained sandstone that conform to the channel perimeter . As a general 

rule , coarser sediment occupies channel banks , and finer sediment \lIas depos­

ited near channel. axes', . 

Lower Dockum strata near Tascosd in the Canadian River Vall ey are inter­

preted .to be a lacustrine-fan delta couple . t~udstone and siltstone accumu­

lated in lacustr i ne and fan delta front environments . Sandstones I.;ere depos­

ited on fan delta plains (McGowen , 1971a, 1971b ; McGowen and Scott, 1974) . 

Channels were scoured and fil.1ed when lake level I.;as l owered . 

Palo Duro Canyon 

A detailed outcrop study was made of the western part of Palo Duro Canyon 

during parts of the s ummers of 1976-77 (fig. 29) . This a~'ea and the Canadian 

River Valley area (Texas and Nel'j r~e x i co) serve as tie poi nt s (outcrop and 

subsurface) for the Texas and Ne\ll Mexico Dockum sections . 
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From 300-400 feet (90 to 120 III) of Oockum are exposed in Palo Ouro 

Canyon. Within this area the Dockum records a complex depositional and 

erosional history . Fluvial , de lt ai c , and lacustrine systems l<Jere dominant 

when the Dockum was laid down . Fl uctuations beh/een humid and arid climati c 

conditions , oscillations in l ake area and depth, soil and evaporite develop­

ment, and scouri ng of narrOl'1 and re l atively deep canyons all transp i red during 

the time the Dockum Group \1aS accumulating. 

Flu vial, deltaiC, and l acust r ine deposit i onal systems comprise three 

main pr.ogradati onal sequences in Tri assic rocks exposed in Pa lo Duro Canyon . 

Interpretations of depositional environments are based on data from : (1) 

thirty- three measured sections , and (2) forty-seven photo m,?sa i cs (fig . 30) 

which were used to determine vertical an~ lateral facies re lat i onships . 

In the Pa lo Duro Canyon area the combination of fluvial, deltaic , and 

l acustrine systems are genet i cally 'linked to produce progradational se­

quences. One transgressive valley-fill sequence was observed in this area. 

Three vertically superposed progradational sequences characteristically begin 

I'lith lacustrine mudstone and end with fluvi al- deltaic sandstone-conglomerate . 

This reflects a min i mum of three comp lete cycles beginning l'Iith lacust rine 

deposition and endi ng with f1uvial - deltaic progradation. 

lacustrine rocks are composed of tWQ lithologies: (1) varicolored bur­

rowed mudstones , and (2) cal careous zones. Burrowed muds tones make up more 

than 90 percent of the 1 acustr i ne sect i on . r~uds tones accumu 1 ated in 1 ake 

center env i ronments . 

Calcareous nodules consisting of microspar ca'leite, sparry calcite, and 

minor dolomite are paleocaliche horizon s that separat e mudstone units . 

Caliche formed in intermittently dry mudflats or possibly within a shallow 

subsurf ace d; agenet; c env; ronmen t. T extur a 1 t r ends are not obv i ous \'lith i n 
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vertical sequences of lacustrine rocks. Characteristics of the lacustrine 

deposits are illustrated in figure 31-

Delta system rocks are texturally diverse depositional units that can be · 

categorized as shallow-water and deep-water lacustrine deltas . 

Shallow-water lacustrine deltas overlie lacust rine mudstones and are 

capped by fluvial sandstone-conglomerate sheets deposited on fan delta plat­

forms . Shallm/-\'1ater lacustrine deltas are characterized by this sed imentary 

package that accumulated in delta fr ont , distributary chan.nel, and channel 

mouth bar environments . . Slump .structures are COlmlon to this sequence . The 

character; st; CS . of sha 11 ow-water 1 aeus tr i ne de 1 tas I'lh; ell prograded . into water 

1 to 10 m (3 to 30 feet) deep are illustrated in figure 32. 

A common attribute of deep-\'/ater laclIstrine deltas is thick sequences of 

·delta front foresets . Foresets are 8 to 15 m (25 to 50 feet) thick indicating 

that deposition occurred in a lake basin at least 8 to 15 OJ deep . Features of 

deep-water lacustrine deltas are exhibited in figure 33 . 

Fluyial sandstone-cong l omerate bodies occur in tl'lO distinct geometries: 

(1) sheets , and . (2) l inear belts. Oelta systems are capped by sandstone­

conglomerate sheets .that represent deposition on fan d.elta platforms by 

coarse- grained braided streams . One fl .uvial san.dstone-conglomerate body com­

prises a linear belt of valley-fill . Tllis seque nce is represented by. thick 

channel-fill·lenses ·, some of which are composed of chert pebble conglomerate: 

Properties of valley-fill deposits are shown in figure 34 . 

Eight lithofacies have been identified in the Palo Ouro Canyon area 

(table 1). Lithofacies are defined on texture, mineralogy, sedimentary 

structures, and vertical and lateral relationships of component depositional 

units. 
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PROGRAOAT IONAL 
SHA LLOW LACUSTRINE DELTA 

DESCR IPT ION 

-

Light-brown to greyish­
green conglomelal ic l ine 
to medium $lnduone 
shee l. 

Upper part o f shee t ;, 
upward trough·fill cross' 
stra t ified fl ne to medium 
sandslOne. 

Basal pa rI o f ,heel iii 
trough.fiU eron-$lrati f ied . 
mud - and calicha·claH 
conglomerate 

Reddilih·brown to 
gray ishilreen 
thin pa, aUel · 
bedded $iltnonc. and 
very f ine \ 0 fine 
sands tone. Sedimen tary 
sUucturos are ripp le 
crosso/aminK, hori zontal 
laminae, and lI.uctu.eless 

Dark-vellowish-orange ' 
burrowed mudstone 
conlains small ulcera"Qus 
nodules and fractures 

Redd ish-brown w ry 
line sDndy mu .. b'Q'1(! 

,. 
I 

91,J 
I 

j 
I 

TEXTURE 

GflAVEL SAND MUD 

FI !lu re 32. Sha 11 ow-wa ter I Deus tri ne delta s ar e charae ter Ized by COilrse-gra I ned de Ita p I a tform 
sands tone-cong lomerate shee t s t ha t overli e prograda ti ona l coarsenlng-uflWilrd lacustrine and 
t hi n de l t a fron t sequences . 
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PROGRADATION A L 

DEEP·WATER LACUSTR INE DELTA 

DESCRIPTION 

Grayish-green sandstone­
conglomerate lihcel: 
sedimentary strvctures 
are Hough·fiU cross­
ura tificatioll. 

liOht..o,own fine 
sandstone sheet; 
sediment3ry structures 
predominantly horizontal 
laminae, and rare 
trough-lill ClOSS­
stratification. 

Reddish-brown ~nd 
grayish-green silulonc 
and very l ine S30tblOne; 
sedimerualion units are 
wedge shaped, parallel ~nd. 
inclined 2 \0 15 degrees; 
geometry is tab\,rar, 
lobate; sedimenlary 
strvctures are 
ripple-drif\ and 
ripple-crOS5Iaminae, 
parallel laminae, 
cOlWolu led and 
struclureles5. 
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Figure 33. Dee"p-wa ter lacustrine deltas are cha ractedzed by thin, coal"se-gralned delta plat­
form sandstone-conglomerate sheets tha t overlie thick, progradati onal foreset Inclined delta 
front deposits, 
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Figure 34 . Valley-fill system comprises II transgress i ve fluvlal-deltaic-Iacustrine system that 
Is composed of a basal fluvial chert pebble cong l omera le, overlain by delta dhtributary, and 
de l ta front deposits t hat are capped by la custrine mudstones . 
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Tab le 1. Characteristics of fluv ial, deltaic, and lacustrine facies, 

Dockum Group, Palo Duro Canyon area . 

I I I . ~ I 

lacu~tril'1e Lake center, Burrowed safldy mudstone, desiccated and Total 20 to 50 m, 
~ I) Burrowed mudstone lake margin brecciated, popcorn weathering surface genetic·ul1iIS 

110 \0 m 

C,,!carcolls zones arc discrete pisolitic and TOI~lleH than 

121 Calcareous ~ones· l ake margin burrowed nodules; clay and f]uJrt~ sand 110 3 m, 
mudllat normally in microsp~r calcite ma)rj~; i ndjviflu~1 'lones 

sparry C<llci\c, dolomite ami o[)al also present 0.1 to 1 m 

, , 
Deltaic 
131 Parallel bedded, lacustrine fan ' 

~ .. . ' 
Parallel laminae, ripple dril l, contoned TOlal 5 10 15 m, 

horizontal, sheet, delta front, laminae, and soh·sediment slumps and individllal units 
sill5lone·sandstone· shallOW water faults; trough· fill crOss,slralilicatiofl is rare 110 7 m 
conglomerate It05mdeep <: I 

'41 Parallel b~dded, Lacuslrifle delta " Ripple·crosslaminae, ripple drift, parallel 

inclined, lobate, . front foresets, S'" laminae; trough,' ill cross·stratification and Total 15 to 35 m, 

si Itstone·sandnone- deep waler 5 to soft ·sediment faulls and slumps are rare: genetic units 
grea ter than sedimenlation units are inclined afld 5 to 15 m conglomerate 

~ 
15 m deep 

~ 
wedge shaped 

(5) -Mudciast 
Interdeltaic .~ Ripple drifl i~ Ihe primary sedimentary Total less than I to 

. S!ll5lone-sandstone 
mudflat, 

structure; tontoried laminae is common 10 m, gen~lic units 
embayment 

" 0.05100.4 In 

. 
Trough-fill crosBtratifita tion; texture Lenloes 2 to 161 ·Symmelrital Distributary lines upward, ripple-cross laminae and 13 m thick fill sandstone channel parallel laminae at top , 

> 

1= Trough·lill cross·stratification is the most 

Fluvial V 
abundanlsedimentary structure; ripple Total 10 to 30 m, 

Fan delta - della cross·18minae and parallel laminae at top; individual sheets 
171 Sheet sandstone- acc retionary grain and curved bed se t 2 to20m conglomerate platform 

( r/ •. ( boundaries are common 

k;2< Multiple channel-fill scours; trough-fill Total 20 10 45 m, {8I Stacked channel-lill 
Fluvial valley fi ll cross·suaOlicalion occurs a\ ha$\! o f individu~1 chan'nel -Silndstone- CO" channcls; cross str~t~ fines upward: parallcl conglomerate 

~ 
fills 7. to 20 m 

Inminac ocr.urs nllOp . 
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Lacustrine System 

Lacustrine system rocks accumulated in bolO environrnents--lake center and 

intermittently dry mudf lats. These environments coincide 1,o/ith tI.,.o distinct 

lithofacies--burrowed mudstones and calcareous . mudstones respectively . Var i­

colored , burrowed l acustrine mudstones make up mo r e than 90 percent of the 

lacust r ine section . and as 'much as 20 percent of the total Dockum section . 

Caliche horizons, which constitute l ess than one percent of the Dockum , formed 

on interm.ittently dry lacustrine mudflats . 

Lacustrine Mudstones 

Vari co 1 ored 1 aeus tr; ne burrowed muds tones occur in f our to seven genet i c 

packages concentrated in th~ lower 70 III of the Dockum. ~1 udstone un.its are 1 

to 10 III thick and are distinguished by color ranging from purple, reddish 

· purple , reddish brol>ln, to · dark yellowish orange . 

t1udstone geometry ranges from horizonta l blankets to broad lenses . ~Iud­

stone th i ckn-ess ·decreases toward the southwest. Although the total thickness 

of the Dockum incr·e ases to the west beneath the High Plains , sub-basins may 

have been l ocal ly important areas of sed iment accumulation. 

Small - scale structures in 1 acustrine mudstones are predominant ly burrOI>/s 

and desiccation fractures associated with caliche horizons . Pri mary sedimen­

tary structures have been destroyed by ; ntense burrOl'Ji ng whi ch produced 

Scoyeni a (Hantzche 1, 1962). Cross sect ions through Scoyen; a reveal arcuate 

back - fill structures or sprelte . 

The. texture and minera logy of l acllstrine mudstones is uniform . Silt-and 

sand-sized quartz grains are rare to common . Smectite and illite are the 

corrmon clay minerals. Complex suites of diagenetic carbonate and siliceous 

minerals associated with caliche horizons formed v/ithin subaerially exposed 

lacustri ne mudstones . 
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Caliche Horizons 

Paleocaliche occurs as thin layers of ca"lcareous mUdstone nodules ' com­

prising microspar, sparry calcite-filled fractures and some dolomite . Sili­

cified evaporite nodules are rare . Paleocaliches are interbedded 'flith lake 

center muds ;n~;cating that lake fluctuations subaer ially exposed broad areas 

of 1 ake muds . 

Silcretes situated in the lower 5 to 20 m (16 to 65 feet) of the Dockum at 

Wayside Crossing tn Armstrong County and near Silverton i.n Briscoe County 

might have formed contemporaneously with paleocaliches. Ca l careou~ zones and 

nodules similar to those in the Dockum are described by Nagtegaal. (1969) in 

Permian and Triassic paleocaliches ;n Spain. 

Summary 

lacustr i ne mUdstones were de pos ited in the 1 ake center environment by 

sedimentation from suspension . The fine grain size indicates that low-energy 

conditions .prevai l ed during oeposition. Sttatification was destroyed by ubi­

quitous and thorough b.urrowing whi ch indi cates that bottom waters It/ere 

oxygenated and that the lake system was not highl'y s~ratified as postulated 

for " the lacustrine environment in whi ch the Eocene Green River Formation 

accumulated (Brad l ey , 1964; Picard and Hi9h, 1968; EU9ster and Bradley, 

1969) . 

Caliche horizons deve loped on l ake center mudstones suggest . that · lake 

l evel fluctuations subjected lacustr ine muds to arid climate conditions , 

Ephemeral lake Eyre , Australia is a possible Modern analogue for part of the 

Dockum (Bonython and Mason, 1953) . 

Deltaic System 

Deltaic rocks comprise central parts of three major prog'!'adational 

sequences . Seven \'/estward prograding delta lobes were identified within 

these three major sequences . One lobe prograded south \·la~·d. lacustrine mud-
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stones underlie deltaic siltstone-sandstone-conglomerate, and fluvial sand­

stone- conglomerate sheets over l ie deltaic t"ocks and mark upper limits of 

pr og r adati onal seq uences . 

De lt a components are de lt a f ront , delta foreset , interdeltaic mudflat, 

and di str ibutary channel . Burr owed l acustrine mudstones grade laterally and 

'up\>/ar ds into distal de lta f ront si lt stone . Delta platforms comprise coarse­

gr a; ned sands tone- cong 1 omerate sheets . Two 1 acustr; ne de l ta mode 1 s) (1) 

s hall ow-w.ater de lt a , and (2 ) deep-water de l ta, are proposecj for Dock um de l ­

t ai c depOS its . 

Thin- bedded de lta f r ont deposits of shallow- water deltas contain rnud­

c l ast and cal iche gr anu l e conglomerate interbedded \'/ith texturally mature , 

horizont a ll y-l aminated very f ine- gr ained san<lstone . lnterbedd i ng of mature 

very fin e sandstone and imma ture sedimentary rock fragment conglomerate is 

typ i cal of delta-front depos its of shallo\lI-\oJater deltas . Soft sediment s l ump 

structures are common to de l ta front deposits. 

Wit hin the lm'l'er 70 m of the Dockum , shallow-\l/ater lacustrine deltas "/ere 

deve l ope d in 1 to 10 m (3 t o 30 feet) of "ater as base leve l f l uctuated during 

arid clim ate condit i ons . Coar se debris , e r oded from older Dockum deposits , 

was transported across de lta pl at forms by braided streams and was deposited as 

f ronta l splays . Lacustr ine expansion f l ooded and buried deltaic deposits 

beneat h l acustrine mudstones . 

. Deep-water l acustr ine deltas di splay' thick "Gilbert-type" delta fore­

sets . De lt a foreset s are wedge- shaped, thill at the toe , thicken toward the 

top, and are incl i ned 4- 15 degrees . Grain size and scale of sedilnentary 

structures increase from t he base upward . Delta foresets , 8 to 15 m (25 to 50 

feet) t hick, developed in part from slip face accretion and in part from 

gr ainfal1 (s uspension of S1 lt and sand). Thickness of individual foresets 
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indicates I'later depths of 8 to 15 11\. The high angle of repose of delta 

foresets is preserved under conditions of rapid sedimentation , minimal soft 

sedimen t mov.ement. and 101'1-phys i ca 1 energy \;,ith i n the bas i n of depos it i on . 

Both delta types wer e ' .obate in plan and wer e fed by braided streams . 

Deltaic deposits compr i se 20- 45 percent of the Dockum section . Shallow-water 

delta progradational sequences are th inner (15 to 30 m, 50 t o 100 feet) than 

deep-water delta progradational sequences (20 to 70 m, 65 to 230 feet). 

Fluvial System 

T~IO f luvi al systems, braided streams and incised streams, were operab l e 

during accumu l ation of the Dock um. Sediment de~osited on bra"i'ded-stream 

delta platforms caps three major progradational sequences in Palo DUro 

. Canyon . The vall ey-fill system, floored by linear fluvial sandstone­

conglomerate, is t erm inated ~tith a tt'ansgr essive fluvial - deltaic-lacustri ne 

sequence . 

Three fluvial sandstone-cong l om~rate horizons are composed of seven 

individual lobate sheets. Small s heets are one to three km (0:6 to 1.8 miles) 

wide ; large sheets " are greater than 3 km (1. 8 miles) l.,ride . Deltaic fac i es are 

laterally equivalent with f l uvial l ithofacies . Fluvial sheets are overla i n 

by lacustrine mudstones that ar e genetically related to t he next progra­

dational sequence . Texture and scale of sedimentation units of sandstone­

conglomerate sheets decrease up~lard . Tro ugll - fi 11 cross-stratification is the 

predominant sedimentary st r ucture . Sediment that makes up delta platforms 

moved dOvmstream as dune bedforms with in bra; ded channel s . 

Two laterally equi val ent vall ey- fill units are situated in the northern 

· and southern sectors of Pa l o Duro Canyon and occupy part of the centra l 50 III 

(160 feet) of the Dockum . Asymmetrical and symmetrical sandstone-conglom­

erate lenses accumulated at t he base of a valley-fill sequence. t-lost of the 
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valley- fi1l deposits'fine upward . One unit within the valley-fill comprises 

an upward coarsening lens of chert pebb l e conglome)"ate 18 m (60 feet) thick. 

Trough-f ill cross - strat i ficatio n is the predominant sedimentary structure . 

Fluvial l enses within the vall ey-fi11 are overlain by del.taic and lacustrine 

deposits t hat accumu l ated duri ng a r ise i n lake level . 

Bra ided streams wer e operative in delta platform and val l ey floor envi ­

r onments ; brai ded stream fac~es are equival ent to downdip lacustrine and 

de lta; c f ae; es . Fl uvi a 1 depos its cons t itute 10- 50 perceryt of th e Dockum 

sect i on . Multilateral sheet geometry , texture, and sedimentary structures 
• 

indicate that sediment was transported across delta platforms by braided 

str eams . 

. Depos i tional Summary 

Lacustr i ne , de lt aic , and fl uvi a l depositional systems comprise three 

major upward- coar sening , pr ogradat i ona l sequences in Palo Duro Canyon. A 

Sing l e transgressive vall ey- fi ll sequen·ce di splays an upi·/ard- f i ning, fluvial, 

deltai c , l acustr i ne sequence . Lacustr i ne mudstones underlie the prograda-

t iona l deltai c sequences whi ch accumulated in de lta front , delta foreset, 

i.nterdelt aic mudfl at , and di stributar y channe l environments . Shal low-water 

l acustri ne de ltas are typified by t hin texturally and mi neralogicall y vari­

ab l e de l ta fro nt deposits that ~ont ain abundant s lump structures . Deep- water 

1 ac ustr i ne de H as typi call y ex hi bit uGil bert- type U delta foresets. 

Both shal 1ow- and deep-water l acustrine delta platforms were constructed 

by braided- stream processes . During a low-l eve l l ake stand, one prograda­

t i onal sequence was cut by a headwardly eroding valley which constructed a 

small fan de l ta at its mouth . The valley was finally f i lled by f l uv i al ­

de l taic- l acustrine deposits during a lacustrine transgression. 
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Genetic Sequences 

Three progradati ana 1 sequences, each composed of genet iea lly-re 1 ated 

lacustrin e , deltaic , and fluvial rocks, comprise the Dockum Group ;n Pa l o DUro 

Canyon . Interpretation of genetic sequences ;s based on data derived from 

cQntour maps , . fence diagrams, ' ~ross sections , paleocurrent analysis, and 

petrographic studies . 

lower Progradational Sequence 

An ~pward coarsening sequence of l acustrine and fluvial-deltaic sedi ­

ments character; ze the first . prograd at; onal sequence .of the Dockum Group in 

the study area (fig . 35) . Basal sandstone of the lOl-ler unit contains medium 

to coarse and well - rounded quartz and chert sand grains probably derived from 

Permo- Triassic dunes to the east . Sandstones of the uppet:' unit are mostly 

very fine quartzarenites, and th~ir source also may have been Permo- Triassic 

dune fields. Interbedding of lacustrine mudstones and paleocaliches in the 

mi dd l e Ul'Jit indicate that the c l imate alternated between arid and humid 

cycles . A vertic.a·l profi·le of sh.al1ow-water lacustrine deposits which char­

acterize the first .progradational sequence · is shown in figure 32 . 

Midd l e Progradational Seguence 

The ·second progradational .sequence comprises mu·ch of the sandstone­

cong lomerate-ri ch central 30 to 50 m (100 t o 165 feet) of the Dockum in the 

study area (fig . 36) . A westward prograding lacustrine delta system was the 

dominant depositional element in t he second progradational sequence . . This 

delta system was eroded in the northern and sou.thern sectors by two laterally 

equ i valent valley-fill sequences; : Small fan deltas were constructed west of 

the valley mouth. Subsequent expansion of lake area produced flooding in the 

valley which was finally filled by a trans·gressive fluvial - deltaic-lacustrine 

sequence. A decrease in sandstone peccentage occurs in the direct"ion of 

progradation (to the west). 
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Figure 36, Second progradational sequence strike section is exposed along the eastern margin 
of Palo Ouro State Park. This figute Illustrates the facies tract and sedlmentllry structures, 
Two nearly continuous sandstone-conglomerate sheets , which cap the second progradational se­
quence, were deposited In sandstone-rich delta platform braided stream and distributary channe l 
environments , The progradational sequence is composed in ascending order of: lacustrine bur­
rowed muds tone (p rode Ita l. and delta frnnt silts tone-sands tone-conglomera te. . The two latera 1-
Ty and tempor'ally equivalent lacustrine fan deltas were separated by finer grilined Interdeltaic 
mudflat or embayment. The southern flank of the southe rn lacustrine delta Is truncated by II 
thick valley-fill sequence which formed in response to diminished lake depth and area , The 
valley-fill sequence is composed of basal braided stream and delta distributary sandstone­
conglomerate, The valley-fill sequence comprises a transgrpssive sequence encased within an 
overall progradational sequence . A subsequent expansion of lake area caused the lacustrine 
deltas to founder. Fine-~rained lacustrine mudstones of the third progradational sequence over­
lie the second progradational sequence. Vertical exaggeration is lZ8x. 
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Upper Progradational Sequence 

The third progradational sequence comprises two vertically superposed, 

deep- water l acustri ne delta cycles (fig. 37), A vertical profile through 

sequence three contains , in ascending order: lacustrine burrO\~ed mudstones, 

i nc l ined delta foreset , siltstorj e-sandstone-conglomerate, and fluvial - delta 

pl atform sandstone-cong 1 omer ate . This vertical sequence ; s repeated re-

su 1 t i n9 ; n t wo superposed progradat; ana 1 eye 1 es. . The til; rd progradat; ana 1 . 

sequence .displays westward progradation of two delta lobes . . 

lacustr i ne mudstones, although not well exposed, thicken to the It/est 

where they compr ise one or two burrov/ed horizons that are 2 to 1O .m thick . 

Deltai c deposits , the t hickest fades in the third progr'adational se­

quence , are composed chi efly of par allel-bedded, inclined wedge':'shaped delta 

foreset-s . Some foreset units are 8 to 15 m (26 to 50 feet) thick, suggesting 

t hat l acustrine deltas were deposi t ed in a water body 8 to 15 m deep . 

Apparent dip direction of delta foresets varies widely .. Factors which 

i nfluence apparent · dip direction as observed. 011 an outcrop face include true 

dip di rection and t he str i ke of t he outcrop face. Measurements taken from 

sedi me nt ary structures exposed i n bJO-dimens i onal vertical outcrops are not 

val id pal eocurrent i ndicators . Faci es geometry and trends in sandstone per­

centage were used as a means t o determine the westward deJtaic progradation . 

Two lacustr i ne delta l obes were fed by weshJard-flO\~ing . streams . The 

l ower delta lobe prograded to ~he west acr oss tile study area . An increase in 

l ake area and depth , or an upstream river avulsion and continued basin sub­

s i denc~ , caused the 10llier delta ~o founder. Lacu s trine mudstones accumulated 

on the lower delta platform . Dockum deposition ceased in Palo Duro Canyon 

with another cycle of western deltaic pl'ogradation into water 10 to 20 m (33 

to 66 feet) deep . 
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Figure 37. , Fence diagram of the third progradational sequence exposed in the central and western portions of the study area', This figure il­
lustrates s'edimetltary structures and depositional facies. Two superposed lacustrine deltas prograded to the west across the study area. Each 
hcustrlnedelta is composed In ascending order of: hcustrinp. mudstone, deltaic slltstone-sandstone·conglomerate. Parallel, fon:~set Inclined. 
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Tu le Canyon 

Triassic Dockum Group exposed in Tule Canyon is ·interpreted to have 

accumu l ated under conditions almost identical to those that prevailed in the 

Palo Duro Canyon area to the north (Soone, in . progress), 

Dockum Group is approx imate 1 y 130 m (425 feet) of ~uds tone, ,5 i lts tone, 

sandstone and conglomerate , which displays an overall fining-up\,Jard texture . 

Sandstone and cong'l omerate constitute about 62 percen-t of the Dockum exposed 

in Tule Canyon . 

Depositional systems identified in Tule -Canyon (Boone , in pt"dgress) are 

from the base upward : (1) alluvial fan-fan delta (approximate ly 40 m, 130 feet 

thick) ; (2) va ll ey-fill (more than 60 m, 197 feet thick) ; (3) meanderbelt . 

(more than 30 m, 100 feet t hick); and (4) lobate delta (more than 60 m, 200 

feet thick) . 

Fan-Delta System 

A 'continuous , tabular sandstone body. an alluvial fan or fan-delta sys­

tem, marks the base of the Dockum i n Tule Canyon. This is a high-sand system 

and contains small amounts of siltstone and mudstone . . The base of the system , 

is relatively flat and uniform . Max i mum thickness of the system i s about 40 m 

(130 feet). Erosion by the overlying valley-fill system scoured completely 

through the fan - delta sandstone into underlying Pel'rTiian mudstone. Sedi­

mentary structures with i n the alluvial fan-fan delta sandstone are dominated 

by medium to large scale trough-fill 'and fore set cross-strata, parallel lami­

nation , and some ripple cross -l amination and ripple dt'ift. This section, 

which exhibits a local basal progradational sequence and lake-basin associa­

tion , cl osely resemb l es the fan - de l ta 'sequence in some areas (McGowen, 1971aj 

McGowen and Scott, 1974) . 
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Vall ey-Fill System 

A distinctive feature of the Dockum Group in Tule Canyon is a valley-fi 11 

sequence of conglomerate and sandstone . A large drop in base level ;s postu­

l ated to exp l ain deep scour ing and narrow incision of thi s valley and coarse 

texture of basal fi ll . Chert pebb l e conglomerate characterized by large­

scal e trough- fill cross-strata forms the lower twa-thi"rds of the va ll ey-fil l. 

Base of the val l ey is l i ned with angu l ar sandstone boulders up to 2 m (6 feet) 

i n max i mu1l1 dimens i on . Va ll ey-fi 11 system ; s about 1.3 km (O.J5 mile) wide and 

with maximum thickness of 64 m (210 f eet) , 

~l eanderbe It System 

Fluv i al meanderbelt facies are exposed in the western part of Tu le 

Canyon. The f l. u~ i al syste.ffi compris es a complex of point bar and channel 

depos i ts . Overbank mUdstone and siltstone make up a small vo lu me of the 

system. 11eanderb.elt facies over l ie the vall ey-f ill system and grade north­

ward into contemporaneous deltaic facies . Maximum thickness of the fluvial 

zone is approx i mately 25 m ,(80 feet) , 

Oe lta Sys tern 

Oe l ta systems compr i se most of the Dockum Group in the Tule Canyon area . 

Lobate l acustrine de ltaic systems occupy the· upper part of thi s section and 

are dist i nct from the lower fan delta syst em in t hat frame\~ork sandston e units 

are lenticu l ar , and are variab l e in geometry. De l taic sandstones are asso­

ciated with l ocally thi ck prodelta and delta-front mudstone and si ltstone. 

Sandstone bod i es range in geome try from small, iso l ated l enses to t hick , 

stacked units extending over l arge areas . Maximum l atera l extent of indi ­

vidua l units appears to be on the order of 5 to 10 km (3 to 6 miles) . Delta i c 

systems are stacked or imbricated suggesting that subsidence and/or lake 
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level rise kept pace with sed i ment input to the lake basin . Total thickness 

of individual deltaic systems ;s indicative of relative \~ater depth . Maximum 

depth was interpreted to be about 30 m (100 feet); depths "ere generall y l ess 

than 30 m. 

Detailed study in the upper part of the canyon resulted in recognition of 

a variety of components of delta systems inc l uding prodelta, de lta front, 

distributary mo uth bar, distributary channe l, crevasse sp lay, and de lta plain 

environments . 

Dickens-Mitchell County Area 

The first Dockum report, Oep,ositlana1 Framework of the Lower Dockum 

Group (Triassic), Texas Panhandle, submitted to the U.S . Geological Survey in 

February, 1978, emphasized the interpretation of the Dockum ;n outcrop in the 

area defined by Dickens, Crosby. Kent, Garza , Scurry , Borden , Mitchell and 

Howard Counties . Only a surrrnary of conclusions of that r eport are inclu ded 

herein (for details see the first report) . 

The Dockum Group changes southward in the vici nity of northern Dickens 

County. from here southward there is more mudstone than contained in equiva­

l ent strata to the north. \~ith; n t he eigh t- coun t y outcrop belt the Dock um is 

characterized by cyclic sedimentation . At l east five sedimentary cycles . 

each more than . l 00 feet thick. have been recognized in Dickens, Crosby. Kent 

and Garza Counties . Three cycles were identifi ed in Palo Duro Canyon area 

(Seni, 1978) where detailed field study was carried out. 

Cyc l ic Sed imentation 

Sedimentary . cycles began after accumulation of the basal Dockum, wh i ch 

; s a progradat i ana 1 sequence , r ecogn i zab 1 e in au tcrop and traceab 1 ewes tward 

in the subsurface to the vicinity of the Texas-New Nexico border . Basal 
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Dockum deposits , wh i ch accumulated during expansion of the Dockum l "ake envi­

r onment, consist from bottom upward of a basal lacustrine and deltaic mudstone 

and silts tone . sequence , a th; n de lta i c seque nce and an uppermos t th; ck f1 uvi a 1 

sandstone . 

Cyclic deposits that accumu l ated upon the basal Dockum progradational 

sequence are red beds wh~ .c h grade upward into grayish- green , yellm'/ish-brown 

and orange silts tone , 'sandst one and conglomerate . Red beds constitute a 

complex sediment suite ranging i n texture from mudstone t~ cobble cong l om­

erate. Clasts that compose sandstones and cong l omerates \·lithin the red bed 

suite were , derived chiefly throug h erosion arid re-sedimentation of older 

Dockum deposits ; these deposits are termed intrabasinal. Si ltstones , sand­

stones and conglomerates t hat overli e red beds were der:ived, for the most 

part , fr?m outs i de the basin of deposition; these deposits are extrabas"inal. 

Sedi ment pr operti"es (e.g ., co l or, texture , composit ion, sequences of 

sed i ment ary structures , geometry , cross-cutt ing relationships, and biological 

consti tuent s) indica t e that c li mat i c fluctuations produced depositional 

cyc les. Tectonic activ ity, however , could have been the prime factor that 

triggered climatic fluct uations . I t "is postul ated that most of the red beds 

are products of arid cycles and that extrabasinal sediments were transported 

to the Dockum depositional basi n when the climate was humid. 

Hi gh-Stand, Humid Phase 

Dockum sedi mentation ensued with the advent of humid climatic condi­

tions. Base l evel was relatively stable and sediment was transported to "the 

" basin by "meandering stl"eams . High const.ructive lobate deltas w~re the domi­

nant l ake margin depos iti onal system during the high-stand (lake level) pal"t 

of a cycle (fig . 38) . 
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A vertical (upl'iard) sequence of strata deposited during high stand in 

Triassic lakes commonly begins \'/ith reddish-brown, massive to parallel lami­

nated 1 acustri ne or prodelta mudstone . Gray; sh-green si lts tone and very 

fine - grained delta f.ront sandstone overlies lacustrine and prodelta facies . 

Delta front facies (sandstones) are' mostly parallel and ripple cross lami­

nated and contain ·. a fe\1/ small washout channel-fill d,epos its. Distr i bu t ary 

channel - fi 11 . sequences (mostly sandstone) overl ie delta front s'andstone 

facies; primary sedimentary structures are trough-fill cros~ -strata and par­

all el laminae that conform to channel cross section . Upper parts of some 

delta front and distributary channel-fi 11 sandstone facies are bun:ol'/ed. The 

youngest but coarsest grained fluvial sandstone deposits of · the high-stand 

par t of the cycle occur at lower pal eotopograp hi c levels than. older, high­

· stand delta.ic and lacustririe deposits. Fining upl'<'ard fluvial sandstones are 

products of meandering streams that had cut" downward into subjacent deltaic 

fac i es . 

Sandstones that accumulated . under hi gh-stand condit ions have relatively 

wide areal distribution . Meanderbelt sandstone bodies greater than 50 feet 

(15 m) th i ck are conmonly the on l y sandstone facies present in an outcrop 

area . Delta front and di stributary channel-fill sandstone facies are poorly 

preserved as a consequence of down-cut.ting and lateral migration of super­

i mposed mea.nderbelt fluvia l systems . 

LOW-Stand, Arid Phase 

Humid phase deposits are succeeded upward by red beds that are inter­

preted to represent sedimentation under arid or semi- arid conditions. As 

humid conditions gave way to an arid cl i matic regime, several changes oc ­

curred : l ake size and depth decreased (most lakes were then ephemer al); base 

level dropped; meanderbelt systems ceased to function; and older Triassic 
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deposits were scoured by headloJardly eroding streams . lntrabasinal sediments 

eroded from ol der Dockum depOSits '.'/ere transported through vall eys , up to 50 

feet (15 m) deep t o small fan de lt a systems at the basin margin (fig . 39) . 

low- stand deposits are predomi nant 1y redd; sh-brOi'1n muds tone, 5 i lt s tone, 

sandstone and conglomerate eroded principally from older Triassic depOSits . 

Nudstones are. t.hi n, mass i ve or parallel laminated, and coounonly" burrowed . 

Some mudstones are des i ccated and con~a i n gypsum crystals and salt hoppers . 

Most sil t stone unit s are component s of fan deltas; they are,mostly bottornse t 

and foreset facies . Sandst one and conglomerate constitute delta foreset and 

delta pl atform facies of small fan deltas . Combined thickness of multiple 

f or eset and platform facies rang es from about 10 to 30 feet (3 to 9 m) . 

Valleys that were eroded into the Dockum were filled with sediment ranging in 

t exture from cl ay to boulder gravel . Valle~-fill sediment was emplaced by 

s l ope wash , braided streams , and from suspension (settle-out within ponded 

wate r bodies) . 

Chi ef di fferences between h; gh- stand and 1 OI'/-S tand f ac ; es ar:e : (1) the 

pri marily intrabasinal source for low-stand mudstone , .siltstone , sandstone, 

and conglomerate whi ch ex hibit 'no over all textur al trends j and (2) high-stand 

deposits, derived chief ly from outside the basin, display both coarsen i ng-and 

finin g-upward textura l sequences . In most areas there is no abrupt change or 

contact between hi gh-stand and low- stand fac ies. 

Depositional Systems 

The Dockum Grnup accumu 1 ated I'd th ina var; ety of depos it i ana 1 sys terns 

influenced by base level oscil l ations . Red beds mostly accumulated when lake , 

area and depth were restricted . Low- stand facies consist of valley-fill, fan 

delta 'and lacustrine deposits . ~1eandering streams and associated high con-
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structive lobate deltas developed unde r humid climatic conditions when lake 

area and level ~Iere at a maximum . 

High- Stand Depositional Systems 

Two depositional systems typify the high- stand sediments. The basal 

deltaic system i s characterize.d by a coarsenihg-up\1ard , progradational 

sequence beginning with mudstone and terminating with fine-grained sandstone . 

Overlying are f.ining-upward , thick, gravelly sandstone and sandstone bodies 

of a meander ing fluvia l system (fig . 40) . 

LOi'l-5tand Deposit i onal Systems 

Deposits of the l ow-st and association are products of spor,adic, high 

intensity, s hort duration depositional events . Depositional environments 

included small shallow' lakes , small fan deltas , interdeltaic mudflats, and 

"ephemeral str eams contained \."ithin headwardly erod in g valleys . Lo'.'-, stand 

deposits include lacustrine, "fan de lta , and ephemeral stream systems composed 

of the following fac i es : (1) lacustrine and prodelta (bottomsets), (2) delta 

foresets, (3) delta platform, (4) mudflat , and (5) valley-fill fluvial 

deposits . S"ingle delta ic sequences comprising fo"resets and c!elta platform 

are on the order of IO "feet (3 m) thick. Lacustrine and prodelta facies are 

generall y thin (5 to 10 feet , 1.5 to 3 In thick) and valley~fill fluvial 

deposits range from a few to about 50 feet (15 m) , Fi gure 41 exhibits some of 

the low-stand facies. 

Modern Ana l ogues for the Dockum 

The Dockum Group i n Texas and New r~ex i co accumu 1 ated in an ; n 1 and 

fluvial -l acustrine basin . In outcrop " fluvial and deltaic facies are domi­

nant. Subsidence within the bas in, in concert. IoJith a change from arid cli­

matic conditions of the Permian to more fluvial conditions of the Triassic, 



Figure 40. Prograda t l cna 1 sequence , SI aughter Ranch, sou thwes tern Garza COUll ty (111 dd 1 e Creek 
7.5 mi nute qlladrang l e). Hi gh-stand and l ow-s t and deposits I'epresented In section . UnIts 1-4 
are low-stand deposits, and units 5- 15 are land Its; a transition occurs from low-
stand to high-stand facies. components of fan deltas . For 
cKamp le . unit 1 and upper consisting of reddish brown mud-
stone. s iltstone, very floe conglomerate; prlmilry sedimentary struc-
tures afC paralle l Inclined laminae . ripple cross-laminae , trough crossbeds . and low-angle 
delta foresels; al so small diameter (a .06 to 0.12 Inch) burrow. lower part of unit 2 Is a mUl­
l!£..1..! chanol! 1- fi 11 sequence ($ tra 19ht feeder chanol! 1) cons I s tl 09 of redd I sh brown and grl!eiiTsll· 
gray very fine sandstone and granule to pebble 1ntrabas l nal conglomerate ; primary sedimentary 
structu res are mass i Ve conglomerate , parallel and ripple cross laminated S<lndstolle. Delta 
platfonn (middle part of unit 2 and units 3 and 4) consists of reddish brown very flnesandstone . 
and granul e to pebbl e Intrabaslna l conglomerate : sedimentary structures are high- and low-angle 
foreset cross-strata , wavy para ll e l laminations (wave length; 8 feet; amplitude: o.s fnot), 
parallel laminae with mud drapes (Unio In unit 3), combined flow ripples (unit 'I), and so f t 
sediment deforma ti on (unit 4). lnterdeltalc deposits ( lower part of unit 5) are moderate brOWl! 
to reddish brown, coarse slltstone and very fine sandstone; sedimentary structures are alternat­
Ing parallel and ripple cross· laminae. li!gh-stand depos i ts represented hy lacustrine depOSits 
(lower pa r t of unit 5) consist of reddlsflbrown and r ed-purp le claystone, mudstone , and silt­
stone (silt content' Increases upward) ; primary sedlmenhry structures are parallel lami nae, se­
quence j5 mostly massive ; burrows are common (Scarenla and Telchlchnus). Kudflat deposltj (up­
per part of unit S) consist of reddish brown , re -p-urple . and green desiccated mudstone w ·th 
cal i che -nodules and burrows In l ower part. lacustrine deposits (uppermost part of unit 5) con­
s i st of reduced 9raylsh-green massive mudstone. Distal delta front (units 6 and 7) and proxi-
ma l delta front (unit 8). Ol s ta l delta front Is greenish gray hTcitlte-bearlng coarse siltstone 
to very fine sandstone ; primary sedimentary st r uctures are alternating parallel l aminae and rip­
pl e cross-lami nae with washout-channels (unit 7) 10 feet wide and J feet decp. Proximal delta 
front Is gr ily l sh S(lndstone; prlm~ry sedimen tary struc-
t ures are parall Its 9-14} compri ses greenish gray 
granu l e to pebble fine sandstone. ~nd fine sandstone , 
and moderate brown to reddish very fine sandstone; prima ry sedi~ 
mentary structures are trough ts . parallel laminae (con form to 
channe l floors), ripple drift, sett le-out mud and silt lalnlnae. Mean-
derbelt deposits (unit IS) campI sequence. Unit 15 composed of green ish gray--
granule to pebble In'trabaslnal cong lomerate and fi ne sandstone , light gray to yellowish light 
gray coarse siltstone to medium sandstone ; primary sedimentary structures are massive cong lome r­
ate, shall ow t rough crossbeds , paralle l Inclined laminae , medium scale trough crosslleds, hlgh­
angle foreset cross-strata, and wavy parallel l aminae. 
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Figure 41. Facies developed during low- stand, southeastern Garza County (Macy Ranch, Grassland Southeast 7.5 minute quadrangle). Seven facies 
depicted in outcrop sketch: delta foresets; mudflat; feeder channel; crevasse channel; levee; abandoned channel-fill ; and delt~ platform. Del­
ta foresets have apparent dips of gO_ISO and consist of parallel laminated mudstone . siltstone, very fine sandstone, and granule conglomerate."" 
Latera 1 to upper parts 0 f some foresets are mudfl at ~epos i ts cons I s ti ng of burrowed, ri pp I e cross 1 ami na ted , contorted, and des i cca ted c 1 ay­
stone, siltstone , and very fine sandstone. re~c <lnneisare filled at base (see unit 2) with parallel laminated, contorted fOI'e~et cross­
beds and ripple drift siltstone to granule conglofTerate. Most feeder channel filled with coarse sandstone to cobble intrabasinal conglowrrate; 
sediwrntary structures are trough-fill cross-strata l5 to 3D feet wide and 1 to J feet thick at base. Crevasse channel characterized by multi­
ple scour-and- fill events: fill is muddy fine sandstone to granule conglOlllCrate: sedimentary structures are parallel laminae, foreset 'cross­
strata poorly defined trough-fill cross-strata, and ripple cross-laminae. levee deposits are wedge-shaped (thickest at east and pinch-out to 
west) ; sediment Is clayey siltstone to very fine sandstone; sedimentary structures are parallel laminae and ripple cross laminae. Abandoned 
channel-fill is about 12 feet thick composed of trough- fill cross-stratified fine sandstone to granule conglcltllerate, with central part filled 
with rip""ji"Tecross laminated clayey coarse siltstone to muddy very fine sand~tone. ant:! channel margin of fill comprised of alternating rlpl.lle 
cross laminated ~i1tstone to very fine Sdndstonc and massive to burrowed muddy very fine sandstone . Uppennost unit 15 delta p':latform consisting 
of trough-fill cross-stratified coarse sandstone to granule conlliomerate , parllllel laminated very fine to fine sandstone, and massive pebble in­
trabaslnal conglomerate with Unio and sand-filled burrows on bedding surfaces: this unit grades Into delta foresets to the west. 

<> o 
~ 



41 

was perhaps related to the opening of the Gulf of ~lex;co and reactivation of 

some relict Paleozoic structural el ements . Sediment was derived mostly from 

older sedimentary rocks lying east, I'lest , and south of the basin . 

Climat i c conditions fluctuated between humid and arid, or semiarid, 

throughout accumu lation of the Dockum Group . Climatic fluctuations produced 

changes in base . level, depth and area of lakes , and types of streams that 

discharged ' into the basin. During humid climatic conditions, lakes were 

relatively - large, base level was relatively stable , and fluvial systems "'/ere 

characterized by meandering streams l'ihich constructed lobate deltas along 

1 ake marg; ns. Ar; del i mat i c condit ions were accompan i ed by sma 11. ephemera 1 

l akes , a lower ing of · base level, erpsion of valleys, some of which attained 

dept hs of 200 feet, and small braided streams that buflt small fan 'deltas 

al ong lake mar~ins. 

Two possible modern analogues for the Dockum Group are the Drno delta in 

Ethi opi a (Butzer , 1971) and Lake Eyre of Austral i a (Bonython and Mason , 1953) . 

The Omo delta is a· distributary delta characterized by a delta plain that is 

Vi r tually a barren mud flat across which the shoreline of Lake Rudolph trans ­

gresses and regresses about 16 kilometers (9 .6 miles) each year. Climate in 

the headlilaters of the Omo River is humidj the climate becomes progressively 

drier toward the delta . On the de lta plain vegetation is restricted, for the 

most part , to the area adjacent to distributaries. 

Lake Eyre, in South Australia , is a normally dry basin . Large rains that 

occur about twice per century create a fresh-water lake that attains maximum 

depth Of about 13 f.eet (4 m) and covers an area of some 3,000 square Illi les. 

Filli ng and drying of Lake Eyre occurs in about 3. S ·years . Water and sediment 

are discharged into the lake from all sides . Immediately after the lake is 

filled with fresh water, the desert blooms with vegetation. Salts are depos­

i ted on the 1 ake bottom. as \'Iater evaporates. 
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Ninor facies within the Dockum (salt hoppers, gypsum crystals, dolomite, 

and chert) indicate that at times small, hypersaline \.'Iater bodies existed 

during low stand . 

DDCKUfl DEPOSITIONAL SYSTEI1S : A SUflNARY 

Subsurface work by McKee and others (1959) , and subs tantiated by the 

present study, indicates that the Dockum basin was supplied \-/ith sediment by 

streams flowing from east, south and west (fig . 42) . A ·shallow lake (or 

l akes) was filled with distributary deltas and fan deltas. 

Initiation of Dockum sedimentati on resulted from two apparent changes : 

(1) a shift from arid Permian climate toward a more humid Triassic climate , 

and (2) a rejuvenation of some Paleozoic structural elements (Asquith and 

Cramer , 1975) . Openin9 of the Gulf of Hexico as postulated by Kehle (1972) 

can be inferred to have caused (1) a change in climate , (2) an uplift in part 

of the Ouachita tectonic belt, and (3) subsidence of the Dockum Basin. With 

increasing precipitation, Permian ti da l flat and sabkha environments \'/ere 

replaced by expanding lacustrine and fluvial-de"ltaie e nvironments . 

Regional and local detailed outcrop studies, suppl emented by subsurface 
. 

data, indicate that meander ing " streams and distributary de ltas were dom inant 

in the east central part of the basin . Log character and subsurface sand 

distribution patterns in the west-central part of the basin suggest that 

s imilar depositional e nvironments existed throughout that part of the basin . 

Log character and di s tr; but; on pattern of the predomi nant ly sand sequences 

south of Ster ling , Glasscock. Midland, Ector and \~;nkler Counties, Texas, are 

interpreted to represent coalescing fan deltas. 

Fan or fan delta facies are covered in the southern part of the basin by 

Quaternary alluvium and dune sands . In the Glass i~ounta;ns 't here is a complex 
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of Triassic limestone and cher t conglomerate, sandstone, reddisll-brmln mud­

stone , and thin limestone and dolomite beds that comprise the Bi ssett Forma­

tion (King, 1930; 1935; 1937) . Paleontological data ·indicate that the Bissett 

is older than t he Oockum . King (1935) conc luded that phys ical and paleon­

tological evidence favor an Early Triassic age for the Bissett . The Bissett 

Formation records i nitial Triassic alluvial fan and fan delta sedimentation 

i mmed i ate l y nor th of the Ouachita Tec tonic Belt . 

The predominant l y sand section north of the Ouachita fold belt , shown by 

various sandstone maps , is interpreted to be coalesc ing fan delta deposits. 

Thick sandstone trends di splayed on net sandstone maps (fig . 3). ,and recon­

naissance and 10cal detaned outcrop studies indicate that fan deltas also 

represent initial depositiona l systems along the northern part of the basin 

from Motley County , Texas, northwest along the Canadian River . 

Fluvial and arid conditions alternated throughout mos t of Dockum time . 

In Texas , ra i nf a 11 and vegetat i on cover ~/ere probab ly greatest ; n ' up 1 ands to 

the east and southeast. Rainfall and vegetation probably decreased to the 

west. Delta pl ains were almost barren and vegetation was probably res tri cted 

to narrow bands adj acent to streams . . C1 imate and depos i t'ional env i ronments of 

the Dockum are inferred to have been similar to the present Omo delta (Butzer, 

1971) . 

Lake area and \l/ater depth fluctuated with changes in climate and sedimen­

tation rates. Lake level was highest and most stab l e during fluvial periods . 

Maximum " depth attained in the outcrop area, based on thicknesses of prograda­

,tional sequences , was about thirty feet to the south and about 60 feet to the 

north (Seni, 1978) . 

Dur ing arid cyc l es base level dropped, valleys were scoured, and lake 

size decreased . r'1ost of the meandering streams ceased to function at this 



time, and local braided streams became the dominant type of fluvial systems . 

Sma 11 f an de Has were cons true ted where br a; ded streams debouched from va 1-

leys into small lakes . Many of the fan deltas I'lere reworked by succeeding 

flood events . Fan deltas were consequently constructed from debris eroded 

(cannibalized) from older Triassic deposits. 

Interpretation that the Dockum Group was deposited as a complex of 

fluvial-dEltaic-lacustrine systems h~ s drawn on studies of modern open and 

closed l akes (Bonython and Mason, 1953; Gould, 1960; Langbein, 1961 ; 

Gottschalk, 1964), modern lacustrine deltas (Axelsson , 1967; But,zer, 1971, 

Born ~ 1972 ; Pezzetta , 1973). ancient lacustrine deltas (Bu tzer and others , 

1969; 80rn , ' 1972 ; Lent~ , 1975) , modern and ancient oceani c deltas (Fisher and 

others , 1969) , modern fan de ltas (fIcGowen, 1971 a) , dnd modern f1 uv i a 1 

deposits (Ore , 1964 ; Bernard and others, 1970 ; McGowen and Garner, 1970; 

Smith , 1970; Church, 1972; Levey, 1976) , The Dockum Group exhibits elements 

cOlTJllon to most of the above ment i oned systems. There is no existing single 

model that describes the variety of Dockum depositional systems . 

URANIUM OCCURRENCE IN DOCKUfl OUTCRDP FACIES 

Depositional systems that constitute the Dockum Group are fluvial , de l­

taic, lacustrine, valley fill and beach. Some of the depositional facie s that 

comprise these systems were altered through soil forming processes; however, 

most of these facies are readily identified. Underlying Permian deposits are 

chiefly components of a tidal ffat system. Dockum Group rocks that crop out · 

in Texas and New r1exico accumulated in 25 distinct depoSitional environments 

(table 2) . 

There are 7 fluvial facies, 11 deltaic facies, and 4 lacustrine facies. 

Individual faci es of valley fill systems are not shown on table 2 (these are 



Table 2. Depositional sys tems and depositional environments 

operative during accumulation of the Dockum Group. 

Depositional System 

Fl uvial 

Deltaic 

Lacustri ne 

Valley Fi 11 

Soil (Paleoso ls) 

Beach 

Depositiona l Envl)'onment 

I~eanderbelt 
Point Bar 
Channel Lag 
levee 
Crevasse Splay 
Flood Plain 
Abandoned Channel fill 

Distributary Channel 
Abandoned Distributary 
Channel Mouth Bar . 
Del ta Front 
Frontal Splay 
Interdistributary 
lacustrine-Interdistributary 
lnterdelta ic 
Delta Platform 
Del ta Foresets 
Crevasse Sp l ay-Splay Delta 

lacustrine 
lacustrine-t~ud Fl at 
Mud Flat 
lacustrine-Deltaic 

Valley Fi 11 

Soi 1 

BeacH 
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enumerated in that part of the text that deals with depositional systems) , 

Paleosols , although not consi~ered depositional facies, are co~non in Dockum 

outcrops . Beach deposits \.'Iere recognized in only one exposure of Dockum 

rocks . 

Rocks that accumulated in fluvi al environments comprise about 41' percent 

of the recognized facies wi thi n the 93 l ocalities from which uranium data were 

collected . Deltaic facies make up about 38 percent, valley fill and paleosols 

about 2 percent each , and beach deposits constitute approximate"1y 0 .5 percen t 

of the recogniz ed facies. These percentages represent only the frequency of 
, 

'occurrence of strata that accumu lated in the above- mentioned env ironments 

during this investigat ion; the numbers do not rep)"esent volume of )'ock. 

Fluvial systems dominate the Dockum in outcrop . T\'/o broad classes of 

' fluvial depos;~s comprise these systems. They are braided stream deposits (16 

percent) and d~posits that were laid down by meandel'ing streams (84 percent). 

r~eandering stream deposits comprise about 27 Rercent point bar and about 14 

percent channel deposits . 

Deltaic facies are almost equal to fluvial facies I'/ith respect to fre-

quency of occurrence . Delta front facies make up about 23 percent of the 

deltaic r ocks . Second in frequency of 'occurrence are distributary channel 

facies at abou t 20 percent. Splays constitute a little over 16 percent and 

delta foresets abo'ut 11 percent . The remaining facies comprise 0 .6 to greater 

than five percent . 

Four facies make up the lacustrine system . Lacustrine facfes were inter­

pr'eted through association with other facies , Some 87 percent of rocks of the 

1 acustr i ne system were cat egor ized as Itl acustri ne" f ae; es and probably repre-

sent sediment that accumu l ated toward the center of Dockum lakes . Hud flat 

facies constitute a little more than 4 .0 pel~cent of the lacustrine system, 
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whereas lacustrine-mud flat deposits make up about 3 .0 percent : lacustrine-

de lta ; c f ae i es cons t itute about 6 percent of the 1 aeus tri ne sys tern . 

Valley fill, soil , and beach sedi~ent occur l ess frequently t han other 

Dockum facies . Only one occurrence of beach deposits \'Jas recognized . Paleo-

sols and valley-fill sequences are contn.on ;n some areas of Dockum outcrop. 

Thei r distribution is somewhat restricted, however. 

Based on frequency of occurrence of the numerous fluvial,' delta i c, and 

lacustrine ' facies within the Dockum Group (fluvial deposits ar e most abundant 

i n outcr op , with delta i c deposits occurring only slightly less frequent ly), 

ur anium should occur most ly ",lithin fluv-i al facies . This assumpt,ion is not 

correct with respect to either f req uency . of occurrence or highest ppm U30S 
(fig . 43, t ab le 3) . 

An attempt was made to evaluate urani urn- bear; ng potent; a 1 of the many 

different deposit i onal facies of the Dockum Group exposed in outcrop . In 

order to do thi s we tr i ed t o: (1) identify, in o'utcrop, the depositional 

systems and compo n ~nt facies , and (2) col l ect samples that exhib i ted the tota l 

range of t extures and stratificat i on types of each depositiona l f acies . These 

samples were ana lyzed at t he Bureau of Economi c Geolo.gy Mineral Stud ies labo­

ratory f9r U30S' To date , more than 400 samp les have been analyzed (table 3) . 

. Approx imate ly 10 percent of these samples contained U30a in excess of 5 ppm ; 

90 percent of the samp les contained less than 5 ppm U30S: 

A total of nine samp les fr om t he fluvia l facies contained more t han 5 ppm 

U30a (range 5 to 79 ppm) . Meandering stream deposits exh ibited the highest 

U30S content , most of which \'Ias contained within channel lag deposits (total 

of 5 samples 'lith U30S range of 6 to 79 ppm) . Br aided stream deposits had t he 

l owest U30S content . Only one sample from the braided stream facies contained 

U30S in the 5 ppm range . 
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Table 3. Assoc i ations among rock type, depositional environmenL (facies). 
and U30R content as determined f rom samples from 93 outcrop localitie s 
in Texa-s and New Mex i co . 

LOCALITY NO. ROCK TYPE EN'IIRONflENT (FACIES) U
3
0

S 
ppm 

siltstone (Permian) tidal flat < 1 

2 sa ndstone braided stream 1 

3. i med ium sandstone braided st ream < 1 

h very fine sandstone delta front < 1 

g very fine sandstone delta front < 1 

f mudstone lacustrine < 1 

.e fine sands tone upper point bar 

d med ium sandstone lower point bar < 1 

c ' sa ndy congl omerate channel lag 2 

b medium sa ndstone braided stream 1 

a intrabas inal congl omerate braided stream < 1 

4 fine sandstone de lta front 

5 f i ne-med ium sandstone braided stream 2 

6 chert pebble conglomer~te braided stream 2 

7 1 imestone lacustrine < 1 

8 chert pebble conglomerate channe l lag 2 

9.d mudstone distributary channel < 1 

c mud s tone d.lstributary channel 3 

b mudstone distributary channel < 1 

a conglomerate distributary channel 3 

1 0 . d sandstone splay 1 

c sandstone splay < 1 

b sandstone sp l ay < 1 

a mudstone spl ay 2 
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ROCK TYPE 

mudstone 

mudstone 

mudstone 

mudstone 

sandstone 

sandstone 

sandstone 

mineralized log 

carbonized log · 

sandstone 

mudstone 

mudstone 

mudstone 

conglomerate 

mudstone 

conglomerate 

mudstone 

sandstone 

sandstone 

sandstone 

sandstone 

mudstone 

mudstone 

mudstone 

conglomerate 

ENVIRONMENT (FACIES) 

interdistributary 

;nterd i stributary 

in terd; 5 tri bu ta ry 

; nterdi 5 tri bu ta ry 

distributary channel 

distributary channel 

distributary channel 

distributary channel 

distributary channe l (base) 

distributary channel (base) 

lacustrine 

lacustrine-interdistributary 

1 aeus tri ne-; nterdi s tri butary 

4 

2 

3 

< 1 

< 1 

14 

40 

< 1 

< 1 

splay 2 

intel'di stributary 2 

sp l ay 

l acustrine- interdistributary 

fluvial channel fill < 1 

del ta front < 1 

di stributary channel < 1 

delta front 2 

de 1 ta f,"ont 

i nterdi s tri butary 

i nterd is t)"i buta ry 

fluvial channel fill 

< 1 

1 



LOCALITY NO . ROCK TYPE ENVIRONMENT (FACIES) U
3
0a ppm 

12 . j congl omerate -fluvial channel fi 11 < 1 

i sandstone fluvial channel fill 2 

h sandstone fluvial channel fill 2 

g mudstone interdistributary 3 

f cong 1 omera te splay 

e congl omerate splay 3 

d mudstone lacustrine < 1 

c mudstone lacustr ine < 1 

b mudstone la custrine < 1 

a mudstone lacustrine 2 

13 . h congl omerate dolta platform 7 

g sandstone delta front splay 1 

f sandstone delta front splay 2 

e mudstone delta front splay 2 

d mUdstone 1 acustri ne 2 

c mudstone lacustri ne < 1 

b mudstone la cus.trine 3 

a mudstone la custl- ine 

14 . b quartz geode paleosol < 1 

a quartz geode paleosol 

15 s il tstone floodpla i n < 1 

16 carbonized log valley fill 57 

17 . c carbonized log channel lag 79 

b carbonized log channel lag 15 

a carbonized log channel lag 10 



LOCALITY NO . 

18 

19.b 

a. 

20 .e 

d 

c 

b 

a 

21. f 

a 

22.e 

d 

c 

b 

a 

23 · 9 

e 

d 

b 

a 

24 . e 

d 

c 

b 

a 

ROCK TYPE ENVIRONMENT (FACIES) 

conglomeratic sandstone 

conglomeratic sandstone 

chert conglomerate 

sandstone 

conglomerate 

cong lomerate 

sandstone 

sands tone 

cong 1 omera te 

very fi ne sands tone 

braided stream 

l ower point bar 

channel l aq 

bra i ded s tream 

braided stream 

bra i ded s tream 

upper po int bar 

upper po int bar 

abandoned channel fill 

beach 

al ternating mudstone and lacustrine 
sandstpne 

sa ndstone lacustrin e 

mudstone-siltstone l acustrine 

mudstone lacustri ne 

mudstone l acustdne 

cong lomerate bra i ded stream 

med ium sandstone delta front 

fine sandstone delta front 

conglomerate bra ided stream 

5 il t stone tidal flat (Permian) 

mudstone and sa ndstone abandoned channel fill 

conglomerate abandoned channel f ill 

very fine sand del ta front 

fi ne sand delta front 

mudsto ne and sand stone tidal flat (Permian) 

< I 

< 1 

4 

I 

I 

I 

< 1 

1 

I 

< I 

1 

4 

3 

16 

5 

4 

< I 

< 1 

I 

2 

< I 

I 

< I 

< I 

1 



LOCALITY NO. 

25 .d 

c 

b 

a 

27 

28 .c 

29 . h 

e 

d 

30 

31 

32.q 

P 

o 

11 

m 

k 

j 

52 

ROCK TYPE ENV I RONflENT (FAC I ES) 

conglomerate channel 1 ag 1 

sand~tone delta front < 1 

1 

3 

fine sand delta front 

mudstone and sandstone tidal flat (Permian) 

conglomerate 

sandstone 

mudstone 

red mudstone 

green mudstone 

mudstone-conglomerate 

fine s'andstone 

fine sandstone 

mudstone 

very fine sandstone 

mudstone-sandstone 

conglomeratic sandstone 

fine sandstone 

very fine sandstone 

s i 1 t,s tone-sands tone 

sandstone 

sandstone 

sandstone 

sandstone 

sandstone 

'distributary channel fill 

d istrib~tary channel fill 1 

distributary cha'nnel fill < 1 

lacustri ne < 1 

lacustrine 1 

1 acustri ne-'delta i c not reported 

point bar 15 

delta front 23 

lacustrine 9 

distal delta front 57 

l acustr ine -deltaic not reported 

meanderbelt not reported 

abandoned channel fi 11 < 1 

abandoned channel fi 11 < 1 

abandoned channel fill 

braided stream 

braided stream 

braided stream 

bra; ded stream 

braided stream 

< 1 

< 1 

< 

1 

2 



LOCAL lTV NO . 

32. i 

33 

h 

9 

f 

e 

d 

c 

b 

a 

34.e 

d . 

c 

b 

a 

35.b 

a 

b 

a 

38 

39.k 

f 

ROCK TYPE EtIV IRONMENT (F AC I ES) 

sandstone 

sandstone 

sandstone 

conglomeratic sandstone 

sandstone-conglomerate 

sandstone 

sandstone 

mudstone-siltstone 

mudstone-siltsto~e 

mudstone-conglomera te 

mudstone 

siltstone-mudstone 

s iltstone 

sandstone-siltstone 

very fine sandsto ne 

conglomerat i c sandstone 

conglomeratic sandstone 

cong l omeratic sandstone 

medium sandstone 

medium sandstone 

coarse sandstone 

medium sandstone 

mudstone 

gray mudstone 

fine sandstone 

conglomerat ic sandstone 

braided stream 

distributary channel fill 

distributary channel fill 

distributary channel fi l l 

delta front 

delta front 

delta front 

lacu strine 

1 aeus tri ne 

crevasse splay 
splay delta 

tidal fla t 

tidal flat 

t ida I fl a t 

t ida I fl at 

tidal flat 

channel lag 

channel lag 

(F'ermian) 

(Permian) 

(Permi an) 

(Permi an) 

(Permian) 

abandoned channel fill 

abandoned channel fill 

abandoned channel fill 

distributary channel 

delta front 

la custrine 

abandoned channel fill 

point bar 

point bar 

not 

I 

6 

7 

4 

I 

4 

8 

2 

reported 

2 

2 

I 

< I 

< I 

I 

2 

< I 

< I 

< I 

< I 

2 

I 

3 
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LOCAL ITY NO. ROCK TYPE ENVIRONMENT (FACIES) U30S ppm 

39.e medium sandstone pOint bar 1 

40 carbonized log point bar 4 

carbonized log pOint bar 1 

carboni zed log point bar < 1 

carbonized l og point bar < 1 

41. b conglomerate channel lag 1 

a sandstone point bar 

42.0 fine sandstone point bar 

h fine sandstone pOint bar < 1 

9 medi um sandstone di str i butary channel < 1 

f conglomerate distributary channel 1 

e fine -medium sandstone delta front < 1 

c 2 conglomeratic sandstone channel-mouth bar < 1 

c
1 

fine sandstone channel-mouth bar < 1 

b very fine sand delta front 1 

43 mineral i zed calcite lacu st rine 320 
nodule i n burrowed mudstone 

44 . i muddy sandstone floodplain 1 

h sandstone poi nt bar < 1 

9 sandstone point bar < 1 

f sandstone po int bar < 1 

d conglomerate channel lag 1 

c f i ne sandstone point bat' 2 

a mudsto ne floodpla in 6 

45.d congl omerate crevasse splay 1 

c mudstone floodplain 5 



LOCALITY NO. 

45 . a 

46 .e2 

c
2 

c
1 

as 

a7 

a
6 

as 

a4 ' 

a
3 

a
2 

a
1 

47. f 

c 

b 

c 

ROCK TYPE ENVIRONMENT (FACIES) 

mudstone 

siltstone-sandstone 

sandstone 

conglomerate 

mudstone 

mudstone (burrowed) 

mudstone (burrowed) 

muds tone (bu rrowed) 

mudstone (desiccated) 

mudstone 

mudstone 

mudstone 

sandstone 

sandstone (burrol>/ed) 

sandstone (burrowed) 

cOl)91omerate 

mudstone 

sandstone 

sandstone 

sandstone 

fine sa nd 

chert conglomerate 

cong l omeratic sandstone 

sandstone 

medium sandstone 

floodplain 

delta foresets 

splay delta 

splay delta 

lacustrine 

lacustrine 

lacustrine 

lacustrtne 

mudfl at 

l acustrine 

soi 1 hor; zon 

floodplain 

channel-mouth bar 

abandoned distributary 

abandoned di stributary 

distributary channel 

abandoned distt'ibutary 

di stri butary channel 

de 1 ta front 

delta front 

point bar 

channel lag 

channel 1 ag 

point bar 

point bar 

S5 

3 

3 

I 

2 

5 

2 

I 

I 

< I 

< I 

< I 

< 

2 

I 

I 

2 

20 

6 

I 



LOCAL ITY NO. 

. 49 .1 4 

k 

f 

e 

d 

50.e 

d 

c 

b 

a 

51.b 

52.b 

a 

53.c 

a 

54.b 

a 

c 

ROCK TYPE 

sa ndstone-conglomera te 

mudstone-si ltstone 

mudstone 

fine-medium sandstone 

muds tone-siltstone 

sandstone 

sa ndstone 

sa ndstone 

sa ndstone 

sandstone 

siltstone 

fine sandstone 

fi ne sandstone 

mudstone-siltstone 

sands tone 

mudstone 

mudstone 

mudstone (burrowed) 

mudstone-siltstone 

mudstone-siltstone 

mudstone-siltstone 

cong lomerate 

mUdstone-s il tstone 

sandstone 

cong l omerate 

ENVIRONMENT (FACIES) 

cha nnel l ag 

l acustrine 

lacustrine 

floodplain 

tidal flat (Permian) 

bra i ded 5 tream 

bra ; ded stream 

braided's tream 

bra i ded stream 

braided stream 

del ta foresets 

creva sse spl ay 

crevasse splay 

f l oodpl ain 

meanderbe lt 

lacustrine 

l acustrine 

l acustrine 

lacustrine 

lacustrine 

abandoned channel fill 

abandoned channel fill 

abandoned channel fill 

abandoned channel fill 

abandoned channel f i ll 

1 

2 

1 

1 

2 

4 

2 

2 

3 

< I 

1 

< 1 

1 

4 

I 

2 

1 

2 

2 

2 

4 

2 

2 

4 



LOCALITY NO. ROCK TYPE ENVIRONI1ENT (FACIES) U
3
0

B 
ppm 

56 . a mudstone abandoned cha nnel fi 11 3 

57·j2 manga nese point ba r 1 

jl li monitic 109 point bar 2 

i sandstone point bar 1 

9 mudstone-sandstone abandoned cha nnel fill 2 

e mud stone abandoned channel fill .2 

d sandstone aban doned channel fi 11 1 

c sandstone upper point bar 1 

b sandstone upper po int ba r 1 

a sandstone l ower po int bar 1 

5B . h sandstone channe l-mouth bar < 1 

f mudstone lacustrine 

e mudstone abandoned dis tr ibu tary < 1 

d sandstone distributary channel < 1 

b mudstone la custr ine 

a sandstone delta front < 1 

59.9 3 mud stone-silt stone delta foresets 2 , 

e
3 mudstone -siltstone delta foresets 5 

e2 mudstone -siltstone delta foresets < 

e
1 

mudstone-si ltstone delta foresets 16 

d2 mudstone-siltstone delta foresets < 1 

d
1 

mudstone-siltstone delta foresets 17 

c cong 1 omera te splay 11 

b mudstone lacustrine " 
a mudstone l acustrine 

60 . x
2 

s ilt stone paleosol 4 



LOCALITY NO. ROCK TYPE ENVIRONflENT (FACIES) U
3
0a ppm 

60. xl mudstone paleosol 

w) siltstone l acustrine 1 

\./ 
2 

mudstone lacustrine I 

wl mudstone lacustrine I 

v mudstone-sandstone l acustrine < I 

t mudstone · 1 acustri ne I 

r s iltstone - sa ndstone va 11 ey fi 11 I 

P si ltstone va 11 ey fi .ll < I 

h 
2 

s i ltstone va lley fi 11 < I 

hl s il tstone va 11 ey fill I 

c mudstone-congl omerate Va 11 ey fill < I 

b s iltstone -sandstone va 11 ey fi 11 

61.1 sandstone delta front 

i) sandstone point bar 2 

i
l 

siltstone- sandstone poi nt bar 2 

h6 fine sandstone delta front 15 

h4 conglomerate frontal splay 26 

hl fine sandstone del ta front 7 

g mudstone lacustrine 3 

f4 conglomerate f r onta I s play 6 

f) s i ltstone-sandstone del ta front 3 

fl fine sands ton e abandoned channel fi 11 3 

c siltstone - sandstone delta front 5 

a
4 

conglomerate frontal splay 5 

a) siltstone del ta foreset s 3 



LOCAL lTV NO . 

m 

j 

i 

h 

9 

e
12 

es 
es 
e4 

e
3 

e2 

e
1 

d 

c 

ROCK TYPE ENVIRONMENT (FACIES) 

siltstone 

siltstone 

conglomeratic sandstone 

sandstone 

conglomerate 

mudstone-sa ndstone 

sandstone 

siltstone 

sa ndstone 

conglome rate 

sandstone 

sandstone 

mudstone 

mudstone breccia 

siltstone (burrowed) 

siltstone (burrowed) 

claystone-mudstone 

siltstone-sandstone 

s iltstone-sandstone 

conglomeratic sandstone 

mudstone-sandstone 

si ltstone -conglomerate 

mudstone-sandstone 

sandstone 

delta foresets 

del ta foresets 

point bar 

point bar 

channel lag 

abandoned distributary 
channel 

distributary channe l 

abandoned distributary 
channel 

distributary channel 

distributary channel 

proximal delta front 

distal delta front 

mudflat 

mudflat 

lacustri ne 

lacustri ne 

lacustrine 

interdeltaic 

interdeltaic 

del ta pl atforrn 

delta platform 

de1ta foresets 

del ta foresets 

delta platform 

6 

6 

1 

2 

2 

< 1 

< 1 

1 

1 

2 

12 

12 

2 

< 1 

1 

1 

< 1 

< 1 

< 1 

< 1 

1 

1 

,9 
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LOCALITY NO. ROCK TYPE ENVIRON~I ENT (FACIES) U
3
0
8 

ppm 

62.b4 sandstone delta platform 1 

b) conglomerate delta platform 2 

b2 sandstone cha nnel fi 11 2 

b1 sandstone -cong l omerate channel fi 11 6 

a mudstone- sandstone delta fo resets 3 

63.v 3u sandstone abandoned channel fi 11 2 

v)l mudstone-sandstone abandoned channel fi 11 2 

v2 s i1tstone abandoned channel fi 11 2 

v1 sil tstone abandoned channel f i 11 2 

t2 mudstone-sandstone abandoned channel fill 1 

r conglomerate channel l ag 2 

p mudstone-siltstone paleosol 1 

n) s ;l~stone - sandstone delta foresets 1 

m1 
sand·stone splay 3 

1 congl omerate splay 4 

k12 siltstone la cust rine 2 

k7 s iltstone lacustrine 2 

j sandstone delta fore se ts 2 

92 
s il tstone-sandstone spl ay 5 

d4u s ilt stone (burrowed) lacustrine 840 

d41 s i ltstone (burrowed) lac ustr i ne 1 

64 .0) mudstone f loodplai n 2 

O
2 

sa ndstone floodplain < ·1 

1 congl omerate channel l ag 2 
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LOCAl! TV NO . ROCK TYPE ENVIRONMENT (FACIES) U
3
0a ppm 

64 . j cong l omeratic sandstone channel lag I 

h4 sandstone point bal" < 1 

h3 conglomerat i c sandstone point bar 4 

9 mudstone- s i ltstone lacustrine 1 

f3 s; 1 tstone delta foresets I 

65 . s sandstcine splay 2 

r mudstone floodplain I 

q2 sandstone splay 2 

ql sandstone-cong l omerate splay < 1 

P2 sandstone po int bar 2 

PI sandstone point bar 1 

n
4 

mudstone-si l tstone fl oodp 1 a i n I 

n3 sandstone point bar I 

n2 sands tone poin t bar 2 

n
l 

sandstone- cong l omerate channel l ag 3 

m sandstone delta front 2 

14 mudstone lacustrine-mudflat I 
(dessication - cr acked) 

13 mudstone-s il tstone delta front I 

12 sandstone-congl omerate sp lay 1 

11 mudstone- si l tstone ·de lta front 3 

k2 siltstone- sandstone delta platform I 

kl sands tone-cong l omera te. delta pl atform 1 

j3 siltstone delta front 2 

j2 sandstone delta front < I 

jl sandstone delta front 



(il' 

LOCALITY NO. ROCK TYPE ENVlRONflENT (FACIES) U
3
0

S 
ppm 

65 . i siltstone de 1 ta fron·t 2 

h mudstone-s il tstone l acustrine 1 

9 s il tstone lacustrine 2 

f siltstone lacustrine 5 

e s il tstone lacustrine 2 

d
3 sa ndstone splay 1 

dz sandstone splay 

d
1 

sandstone splay 1 

c cong l omera t.e splay 3 

b congl omerate braided stream 5 

a sa ndstone chan nel fi 11 2 

66a.b sandstone-conglomerate spl ay 3 

a si l tstone-sandstone delta foresets 1 

66b . e sandstone-conglomerate delta platform < 1 

d2 mudstone-sand st one abandoned channel fi 11 < 1 

d
1 

sandstone -congl omerate abandoned channel f ill 3 

b
1 

si l tstone-sandstone levee 

66b . a sandstone-conglomerate channel fi 11 4 

66c . k Ie si l tstone-mudstone levee 2 

k Ib si l tstone-sandstone floodplain 2 

k sa ndstone spl ay < 1 1a 

j mudstone floodplain 2 

i sandstone splay 21 

93b sandstone -conglomerate point bar 

93a conglomerate channel lag 1 

92 sandstone distributary channel 1 



LOCAL lTV NO . ROCK TYPE ENV IRONMENT (F ACI ES) 

66c . 91 
sandstone channel-mouth bar 

f conglomeratic sa ndstone channel l ag 

e sa ndstone del ta front 

c muds tone-brecc; a 1 acus tri ne-mudfl at 

b mudstone - sands tone lacustrine 

67 

68 

69.c 

b 

c 

72 

73 

74 

75 

76.b 

a 

77 

78 . a 

79.b 

a 

" siltsto ne 

sandstone 

cong l omera te 

siltstone (burrowed) 

conglomerate 

sandstone 

conglomerate 

s iltstone 

s iltstone 

sandstone 

sandston e 

sandstone 

sandstone 

mudstone-sandstone 

sandstone 

sandstone 

sandstone 

sands tone 

sandstone 

siltstone-sa nd stone 

siltstone- sandstone 

tidal flat (Permian) 

meanderbelt 

splay 

lacustrine-delta front 

c ha nnel l ag 

sp lay 

sp lay 

splay 

l evee 

point bar 

point bar 

mea nderbe 1 t 

del ta front 

abandoned channel fill 

crevasse channel 

bra i ded stream 

braided stream 

point bar 

channel mouth bar 

distri butary channel 

distri bu tary channel 

I 

I 

I 

I 

I 

< I 

5 

2 

2 

2 

I 

3 

2 

I 

2 

< I 

2 

I 

4 

I 

2 

< I 

< I 

2 

4 

I 

6) 
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LOCALITY NO . ROCK TYPE ENVIRONMENT (FACIES) U308 ppm 

80 . b sandstone meanderbelt < 1 

a sandstone meanderbelt < 1 

81 sandstone meanderbelt < 1 

82 sandstone-conglomerate meanderbel t < 1 

83 sandstone meanderbe 1 t 1 

84 .b sandstone meanderbelt 1 

85 s'andstone bra i ded stream ' < 1 

86 . c ca l iche paleosol 1 

b gyps; ferous mudstone lacustrine 2 

a muds tone lacustrine 2 

87 .d sandstone . point bar 2 

b2 sandstone point bar < 1 

88 c'ong l omerat i c sandsto(le meanderbelt 1 

89 siltstone- sandstone tidal flat (Permian) < 1 

90. c sandstone delta front - lacustrine 1 

b sandstone distributary channel 2 

a conglomerate . distributary channel 3 

91.a sandstone channel fill 1 

92 sandstone distributary channel < 1 

93 . eu mudstone floodplain < 1 

el mudstone-siltstone levee 1 

d s; ltstone uppe)" point bar· < 1 

c sandstone upper point bar < 1 

b sands tone point bal' (1 a tera 1 bar) 1 

a sandstone channel , lag I 
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Deltaic facies yielded 21 samples with U30a content in excess of 5 ppm. 

All of these samples were derived from six deltaic facies which, in order of 

decreasing numbers, are : (1) delta foresets (5 samples, range 5-17 ppm); (2) 

distributary channel and delta front (4 samples each, range 5-57 ppm); and (3) 

frontal splay and crevasse splay (3 samples each , range 5-26 ppm'), 

Ten samples collected f rom faci es of the lacustrine system had U30a 
content in excess of 5 ppm. Two facies conta ined all these samples. 

ULacustri ,neU facies yielded seven of these samples and exhibited U308 range of 

5 to 840 ppm. Mud flat deposits (3 samples) had U308 range of 5-1,2 ppm . 

Valley-fill deposits yielded a single sample with U308 val~e greater 

than 5 ppm; U308 content was 57 ppm. There are numerous depositional facies 

associated with valley-fill systems , and they have been discussed in the 

section on depositional systems . 

The highest U308 values for the various facies are : (1) fluvial facies 

(channel lag) 79 ppm; (2) deltaic facies (distal delta front) 57 ppm; (3) 

lacustrine facies (lake center) 840' ppm; and (4) valley fill (carbonized logs 

in channe l lag) 57 ppm . Highest U308 values in both flu'lial and valley-fill 

systems are in Tule Canyon, where dominant texture in each is . conglomerate 

(fig . 43, l ocalities 16 and· I?). Within the deltaiC system most of the higher 

U30g values are associated with sandstone bodies that were constructed during 

humid climatic cycles . These facies are : (1) distributary channel (40 ppm, 

fig . 43, locality 11); (2) delta fron t (23 ppm , fig . 43, locality 29); (3) 

distal delta front (57 ppm , fig . 43, loca lity 29); (4) frontal splay (26 ~pm, 

fig. 43 , locality 61); and (5) crevasse splay (21 ppm, fig. 43, locality 61) . 

De1ta foresets and lacustrine center facies are the deposits with telatively 

high U308 values that accumu l ated during arid cycles. Highest U308 concen tl"d­

tions in delta foresets are 16-17 ppm at locality 59 (fig. ' 43) , and highest 
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values in lacustrine deposits, are 320 and 840 ppm at "loca liti es 43 and 63, 

respectively (fig . 43). Lacustrine deposits exhibited the highest U30
S 

values found within the Dockum Group . However, U30a in these lacustrine 

deposits is associated with burrow .fill . Burrows in lacustrine siltstone and 

mudstone were filled with sand wh i ch was subsequently cemented with calcite 

and mineralized ",lith copper and uranium; these deposits appear to be volume­

tric.any insignificant. 

With data available at this time one can postulate that . if uranium occurs ' 

in commercial quantities in the outcrops of the Dockum Group there will be two . 
areas ;n Texas favorable f or exp loration . These are : (1) the Oickens-Crosby­

Kent- Garza County area; and (2) the Pa l o Duro-T'Jle Canyon area . Uranium can. 

be expected to be found in fluv i al , deltaic, and lacustr i ne facies. Although 

the highest U3DS values encountered in the present study were from samples 

taken from lacustrine facies , conmercial deposits of ul"anium are not likely La 

occur within this facies because of the extreme ly small volumes contained 

within burrm~-fill sandstones . Deltaic deposits have the highest number of 

U3DS values exceeding 5 ppm of any facies with the Dockum' Group . Highest 

values encountered in deltaic sys t ems are in delt a front facies where maximum 

concentration vias less than 60 ppm . . Distributary channel facies have maximum 

U
3
0

S 
values of about 40 ppm . Deltaic sandstones are genera lly poorly pre­

served because of erosion subsequent to deposition as a consequence of 

lowering of base level and scouring action of streams that meande)'ed back and 

forth over rather wi de areas under 1 a in by 01 cler Dockum depos its . Re 1 at i ve 1 y 

high U30S values (greater than 75 ppm) were found in the channe l lag facies of 

coarse-grained and fin"e- grained meandering stream deposits . Because of: (1) 

the rather large · volume of conglomerate and sandstone contained within these 

fluvial deposits , (2) concentration of plant debris ·w;~h"in this fac;e5 which 
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would serve as a reductant for uranium precipitation and concentration, and 

(3) high permeability and porosity of the facies \'Ihich would be favorable to 

movement of uranium-bearing ground water through the system, one can specu-

late that most of t:he uranium that will be fou nd in the Triassic Dockum Group 

of Texas will be in the channel lag facies . 

RADIOACTivE ANUI~ALIES FRDi'1 

SUBSURFACE AND RADIOMETRIC DATA , DOCKUM GROUP 

Within the subsurface , the Dockum Group exhibits some high,' anomalous 

gamma- ray values . Units in which anomalous "gamma log readings ' have been 

observed are assumed to contain concentrations of radioactive minel"als adja-

cent to the borehole at that depth. Radioactivity peaks on gamma- ray logs 

\1ere counted by visual estimate if their magnitude on the radioact ivity sc ale 

\'las about two standard deviat.ions greater than normal. A quantitat i ve evalua­

tion of radioactive anomalies is prohibited by the large number of non­

standardized logging too l s employed and the unknown value of variables ·asso­

ciated with each logg i ng run . 

Anomalous ly high gamma-ray peaks were mapped ·for the total Dockum sec­

tion and for stratigraphic subdivisions within the Dockum . The map for total 

Dockum includes, in addition to gamma-ray log data, published chemical anal­

yses of outcrop s amp 1 es and pub 1 i shed aeri a 1 rad i ometri c survey data . (Spec i­

fic loca l ities and references are recorded in Bureau of Economic Geo logy Open 

File Report.) Chemical analyses are included if the indicated uranium concen­

tration is 20 ppm or above . Aerial radiometl'ic data consist of 214oi /208n 

and 214B1 readings . Levels were considered anomalous if their magnitude was 

two or more standard deviations above normal . Groupings of two or more 

anomal i es along a flight path are shown on the map . Concentrations of gamma 
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log anomaiies in and adjacent to Garzd County, Texas con~elate closely with 

anomalies from aerial and chemica l data. 

Areal distribution of anomalies within the upper Dockum cyc1e appears to 

be very uniform except around the margins of the upper Dockum sediment body 

(f i g . 44). Where the thickness of the upper Dockum is less than 500 feet, the 

concentration of garMla log anomalies decreases toward zero .. A uniform distl"i­

but i an of anomal ies is consistent with a syngenetic concentration of uranium. 

Oistribution of anomalies is not uniform within the lower Dockum cycle 

(fig . 45). Areal clusters of anomalies are associated \'Iith lower Dockum 

sandstones (fig . 46) . Of particular interest are tile radioactive 31')omal ies in 

the vicinity of Garza County, where known low-tonnage, near-s urface concen­

trations of uranium have . been prospected and mined (Finch, 1975b; Butler , et 

· al. , 1962) . A high concentration of radioactive minerals (25 ar eas suggested 

by anomalous gamma-ray log peaks) consistently: occur at the top of the lowest 

Dockum sandstone bodies. These sandstone bodies are · interp)'eted as prograda­

tional deltaic sequences, and high radioactive values are inferred to occur 

within delta plain deposits . The association of radioactive anomalies and 

depositional facies suggests a syngenetic mode of emplacement. Another area 

of radioactive anomalies \'Iithin the lower Dockum sandstones is Lubbock and 

adjacent cQunties . Distribution of these anomalies is associated with an area 

I'lithin the lm/er Dockum made up of a high sand percent (fig , 46) . Anomalies 

ocCur in muddy facies near the top of the lpwest Dockum sand sequence. The 

mode of emplacement probably is the same as for the Garza C.ounty a)'ea . 

Two other areas that are characterized by high radioactive aooma1 ies 

are: (1) Crane , Upton, and southern ~lidland Counties, and (2) Andrews, 

11artin, Dawson , and Gaines Counties . The southetn area (area 1) 1 ies within 

the high sand fan or fan delta system . The northe)'n area {area 2j contains 
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Figure 46. Radiometric anomalies , lowest Dockum sandstone , b~sed 011 gall1ni1 logs. lhe lowes t 
sandstones of the Dockum Group are facies of fluvial, deltaic or fan-delta depositional sys­
tems. This sandy sec ti on is composed o f many laterally discontinuous sands tone bodies. For 
the purpose of thi s m~p "lowest sandstone" includes any continuous sandstone sequence extend ­
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anomalies within the mudstone facies overlying the lowest Dockum sandstone ; 

th; slow percent sand CD.; nc i des with the center of the t~ i d 1 and Bas; n. These 

two areas of radioactive anomalies an9 associated sedimentary rocks are known 

to occur " on ly in the subsurface , therefore the specific nature of uranium 

occurrence ;s not known . 

Severa 1 poss; b 1 e group; ngs of anoma 1; es are eonta; ned wi th; n the upper 

part of t ,he lower Dockum (fig. 45). Some groupings on this map probably arise 

from a random sampling of uniforml y distributed anomalies ; other .group ings 

may be significant. One radioactive anomaly group in Yoakum County and 

another in Hockley County coincide I'lith the downd "jp extent of bit;? high sand 

systems that enter .the Ni dl and Basin respectively from the west and the 

northeast. Two other possible groupings (one in nor t hweste rn Lea, eastern 

Chaves, and southwestern Roosevelt Counties, New ~lexico) and one in Howard and 

northern Glasscock Counties, Texas) · are situated in low sand areas between 

areas of major sediment input . 

Radioactive anOmalies are absent over two positive structural feat twes, 

the Central Basin Platform and an unname.d s tr uctural high along the south­

eastern edge of the r'lidland Basin (fig. 47) . These areas may have served as 

ground-water recharge sites during and after Dockum deposition ; consequently, 

uran i urn was flushed downdi p. Another poss i bil i ty is t ha t these highs cou 1 d 

have provided an e levated , oxidizing depositional environment which could 

have been unfavorable to syngenetic deposition of uraniulll. 

The 600 feet (183 m) of Dockum strata in the Delai'lare Basin exhibit no 

radioact ive anomalies. Geometry of the Delaware Basin and rocks contained 

herein has been greatly altered by up to 1500 feet (457 m) of subsidence into 

Sa It-so 1 ut i on troughs . Ground-water hi s tory of the De 1 aware B a~; n is camp 1 ex 

and probably is responsible for the absence of radioactive anomal ies . A 



Figure 47. Radiometric anomalies, Dockum Group. Critcda for designating ~nonkl l jes (Dr 9armJa~ 
ray logs discussed in t e)(t. Specific r ef erences for and lOC.:Ittons of 1Illurnalip.s othe r t han 
gamma- rely l ogs arc listed in open file r eport at the Ilureau of [cono"ilc Geology . Chemical 
anomalies based on greater than 20 ppm urani um. Aerial radlo"lCtric an('nlaH es based on magni­
tude and dens ity of standard deviations for both 2 1~ 1li/20Rl1 alld 214UJ along a flight path. 
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source of uranium possibly was absen t for the Delaware Basin during Dockum 

deposition and/or during subsequent episodes of ground- water activity . 

DEPOSITIONAL AND EROSIONAL EVENTS THAT 

AFFECTED THE DOCKUr-l GROUND-WATER SYSTEM 

Tr i assic Events 

An er os i onal unconformity ex i st s between Permian and Triass i c rocks in 

the northern par t of t he Texas Panhandle and in northeastern Ne~1 I~exico . 

El sewhere , sedimentation was continuous from Permian time through Triassic . 

Depositional style and sett i ng changed from Permian into Triassic from tidal 

f l at (sabk ha) to fluv i al - delta i c- l acustrine as a consequence of i ncreased 

pr eci pi tat i on t hat was probab l y re l at ed to creation of tile Gu lf of I'lexica by 

block faulting . 

Sedimentary sequences preserved in the Dockum Group indicate alternating 

humid and ar. i d c l imatic conditions ; the cause of climatic fluctuations prob­

ably was tectoni c event s that created the Gulf of r·lexico . Lake level and area 

were at a max i mum ·dur ing hi gh ra inf.all periods. At this time, meandering 

f l uvia l systems and assoc i ated l obate deltas dominated the landscape in the 

centra l bas in area of Texas and New Mexico ; braided streams and fan deltas 

were major depositiona l e l ements in southern and nm'thern basin areas . Arid 

cyc l es caused a consider ab l e decr ease in lake area and depth; th i s resulted in 

l ower ing of base leve l , scour ing of valleys , cannibalization of older 

Tr i assic deposits , and construction of small fan deltas at margins of ephe­

mera l lakes . 

More than 2,000 feet of sediment , deposited under alternating humid and 

arid conditions , are preserved i n the central part of the Dockum basin in 
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Texas and New Mexico. Sed i ment SOUl'ces for the Dockum were mostl y older 

sedimentary rocks exposed in New Mexico , Texas, and Oklahoma. These source 

areas ar e indicated · by outcrop and subsurface sandstone trends, outcrop 

directional features, and compositipn of fluvial sands.t ones . Sandstone com­

position ;s different in outcrop areas around the bas in; fOl' example, (l) a 

coarse-grained sandstone from the Bis sett Formation in Pecos County, Texas ;s 

an immature calclithite, (2) in Scurry County. Texas a very fin e to f i ne­

grained ~luv;al sandstone is a f e l dspathic litharenite with calcite and 

kaolin cement , and (3) the Santa Rosa sandstone in Guadalupe C!Junty . New 

Mexico is a medium grained quartz arenite I>lith limonite cement. .Within the 

outcrop belt in Texas there is a nor thward increase in feldspar content in 

f 1 uvi a 1 sands tones; some f 1 uvi a 1 sands tones in tile Palo Duro Canyon area are 

subarkoses (Se ni, 1978), suggest i ng some contribu tion from the Wichita Moun­

tains in Oklahoma . Also , in outcrop I.,.ithin tll.e Texas ar ea, sandstones locally 

contai n abundant biotite (some grains are hexagona l ), suggesting a volcanic 

source t o the south and southeast i n the region nol'l occupied by the Gulf of 

Mexico . 

Post-Triassic Events 

It is assumed that the Dockum lacust r ine basi,n 1'13S fi lled prior to 

begi nn i ng of the Juras sic Peri od . Ou tcrop mapp i ng by E if 1 er (1967, 1968 , 

1969 . 1974) and subsurface work (thi s report) indicate that the Dock um Group 

is unconf ormab 1y over 1 a i n in some areas by Lower Cretaceous s tr ata and in 

other areas by the Pliocene Ogalla la Formation. Fo llowing is the sequence of 

events subs equent to deposition of the Dockum Group : (1.) Eros i on of the 

' Dockum du ring Jurassic and part of Early Cretaceous . (2) Deposition of LOI'ier 

Cretaceous rocks. (3) Erosion dur in g Late Cretaceous and Tert iary periods up 
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to the Pliocene . (4) Deposition of an .extens i ve \liet alluvia l fan system (the 

Pl iocene Ogalla l a Formation) upon a highly dissected surface underlain by 

Lower Cr etaceous and Triass i c sedimentary rocks. (5) Deve lopment of exten-

sive calcrete at the top of the Ogallala. (6) Deve l opment of Pleistocene 

lakes ;n whic h volcanic ash accumulate"d. DeposH~on of extensive aeolian 

cover sands. (7) Deve 1 opment of modern dra i n age . 

HYPOTHE TI CAL EVOLUTION OF GROUND- ~IATER SYSTEflS 

Triassi c Depositional Stage 

During early deposition of the Dockum Group ground water 'lidS , for the 

most part, unconfined. Surface water moved from dralnage bas i ns du ring humid 

cycles through mea ndering streams and delta distributaries . into the l ake or 

lakes . Part of the fresh water was trapped within newly deposited fluvial and 

deltaic sands, and some water mo ved by inflltr"ation process into fluvial and 

deltaic sands . Sands of the fan deltas at the north and south ends of the 

basin also contained grou nd water. Ground water moved down deposit ional slope 

t hrough f an delta deposits (north and south basin areas) , meanderbelt and 

lobate delta sands (central basin areas) . Some ground "'/atel~ Was discharged at 

or near the lake surface. Ground- wat er f'l0l'l during ear ly deposition of a 

humid cycl e was from north, east , south, and west down depositional slope 

toward the lake or lakes . 

Arid climati c con ditions caused a decrease in lake size and depth, a 

loweri ng of base l eve l, and cr eat i on of stream valleys. Sur"face water "flow 

was down depositional s l ope from dl"a i nage basin , t h)'ollgh stream valleys , 

across f an deltas , and into shall ow ephemeral l akes . Surface water and 

ground-water flow \'Iere somewh at different from flow dudng hu mid climatic 
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conditions . Rainfall was probab,ly in tense and of short duration during this 

time . Vegetation was sparse and consequently there was short lag between 

precipitation and runoff . Discha:rge was flashy and infiltration 'flaS minimal. 

Since valleys were cut as much as 200 feet into the older Dockum deposits 

\>Ihich contained ground \'1ater , it is possible ,that (at least during early 

stages of erosion) ground water flOl.,red from the older Dockum sandstones 

toward. and perhaps into, the valleys. Ground rlater contained within fan 

delta deposits \,/as probab ly discharged . near the transition between delta 

foresets and lake bottom sediment , onto the floor of ephemeral lakes . 

Because of the continually changing cli matic conditions tllat ' .... ere accom­

panied by fluctuating base level there shoul d have been a tendency for ground 

It/ater to continually transport materials in solution toward ephemeral l akes . 

Materials contained in solut i on in ephemeral l ake and adjacent "low-stand" 

fan deltas should have been concentrated further through evaporation pro-

cesses . Evidence that evaporative processes 'r'lere operative during Dockum 

time are exhibited as si l crete , chert modu les, cal iche nodules and lenses, 

thin dolomite beds , salt casts , and gypsum crystals . 

Triassic Shallow Burial 

As depos it i on cant i nued with; n the Dockum bas; n, the older water-bear; ng 

strata were buried beneath younger deposits, some of \'Ihieh were mud that 

f armed an aquitard , wh i ch presumab 1y was impermeab 1 e and preven ted vert i ca 1 

movement of ground water from one sediment type into another . During this 

phase of deve 1 opment, . ground-water fl ow was confi ned or selili conf; ned (f i g. 

48) . Flow was still down depositional slope from all sides of the basin. It 

is posSibl e that there \'Ias vertical movement (either upward or downward) of 

ground \'Iater from less permeable strata into mOl"e permeab le stl"ata . In this 
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situation materials in sol ution in waters of mudstones or siltstones could 

move upward or downI'/ard into reducing ground I'/ater contained with in sand­

stones . 

Post-Dockum Erosion 

Stream eros ion into the Dockum during Jurassic and Ea)' ly Cretaceous 

probably affected ground-water f l ow ;n the recha)~ge zone but had 1 ittle effect 

on the deeper parts of the ground- I'later system . Valleys were eroded into the 

Dockum at this time, and it ;s assumed that by ' this time regional surface 

drainage had changed from a general westward flow (in Texas) to eastward or 

Gulf!../(!rd f10\'I;119 streams . Valleys that existed during Jurassic and Creta­

ceous time probably received some water from Dockum aquifers . Whatever 

"mater i als that were contained in solution in the ground water contributed to 

Jurassic and Cretaceous streams moved eash/ard beyond the outcrop l'imits of 

the Qockum . 

Cretaceous Deposifion--Burial of the Dockum 

Dockum ground- water chemistry and flo\'l direction probab·ly "/ere altered 

during the Cretaceous as a consequence of sediment ation and marine transgres­

sion . Fluvial, delta i c, and shelf environments migrated across Texas into New 

Mexico during initial transgression . With these changes in environment the 

r ec harge areas of the Dockum , both in Texas and Ne\~ t1exico, were affected 

first by fresh water f r om streams , next by a mixing of fresh and marine water , 

and finally by marine waters . Depth of invasion of marine \~atet· is not kI1O\~n , 

but certainly there must have been a sal inity and chemical gradient in the 

ground-water system similar to that shown by Kreitler (1978) . Because of the 

timing of the marine transgression and direction of dip of Dockum strata {to 



the I'lest in Texas and to the east in New I'lexico) the gradient could have been 

more pronounced along the east side of the Dockum basin. 

Post - Cretaceous Erosion 

Much of the Creta,ceous cover was stripped from the underlying Oockum 

Group samet ime between Creta'(eous and P 1 i ocene t; me . Va 11 eys were i nci sed 

across Cretaceous arid Triassic strata by streams flowing eastward from the 

' Rocky r~ountains. Local ground-water flow was most likely influenced byero­

sional topography; ground-water flow within Cretaceous ,and Triassic aquifers 

was toward erosional valleys (fig . 49). 

Pliocene Deposition 

Local and regional ground -water flOl'/ pattern, at least in t,l1e upper part 

of the Dockum Group, probably was alt ered as a consequence of I'lidespread 

deposit i on of gravel and sand during the Pliocene as a wet alluvial fan . 

Depositional slope' of the Ogallala (Pliocene) alluvial fan was generally to 

the east; this direction of slope coincides with slope of the Dockum in New 

Mexico , but ;s opposed to the westward dip of the Dockum in Texas . 

Wet alluvia l fa ns are constructed entire ly by fluvial processes that 

operate at high intensity over relativel y short periods of time . Discharge of 

some streams that construct Modern I'/et alluvial fans ;s in the range of the 

r~ississippi River during flood stage (Gale and Chitale, 1966) . A significant 

volume of that discharge ;s lost by infi ltration into the underlying pOl'OUS 

and permeable alluvial fan deposits . The volume of ground water that moves ' 

from apex to toe, where it ;s discharged, i s tremendous . Flooding of rivers 

that build the large wet fans occurs each year but lasts abou t three months. 

During the remainder o( the year the streams al'e virtually dry and the zone of 
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saturation moves downward in the fan deposits ; the oxidation zone increases in 

thickness until the onset of the next f lood. 

Sand bodies of the Ogallala wet alluvial fan and the upper part of the 

older Dockum Group are juxtaposed (th ey are ;n contact) as a result of stream 

incision . During and 'after depos iti on of the Ogallala an integrated aquife r 

system comprisir)9 Og allala and Dockum sands (sandstones) was developed . 

Because of this integrated ground-water system, the large volume of 

water that · moved through the Ogallala f an and the direct ion of mo vemen t D,f 

ground wate r, generally toward the east, it is postulated that regional f"lml 

in the upper P?rt of the Dockum \,/as dramatically changed in the eastern part 

of the basin . Flow direction on the western side of Dockum basin was to the 

east and dow n depOSitional slope i n both the Ogal l a l a and Oockum . Ground­

water flow in Ogallala and Dockum on the east side of the bas in \'I as a l so to the 

east; this wou l d be down depositional slope in the Ogallala , but up deposi­

tional slope in the Dock um (fig . . 50) . 

Post-Pliocene Eros i on 

The gent ly dippi ng . s urface of the ·Oga11 ala wet all uvi a 1 fan has been 

altered considerably since Pliocene time: Erosion i n New ~1exico, Co l orado , 

and elsewhere al ong the eastern front of the Rocky Mountains, .ha s severed the 

Ogallala from its recharge area. The Ogallala in Texas occupies or forms the 

Ll ano- £ s t acado wh ; ch ; s be; ng ·d; ssec ted by headwardl y erod; ng s trearns . 

Recharge of the Ogallala ;s now very slight and results from dowllI'lard pe r co l a­

tion of water that i s trapped ;n soil s , wind-blown sand , and solution lak es . 

Natural grou nd- water movement ;s most likely cont r o lled by topography; flow 

i s towar d st r eams and va l l eys . 
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POSSIBLE URANIUM SOURCES , ~lECHAIHSM AND TIMING OF EMPLACEfllNT 

Granitic and volcanic rocks (mostly ash) are the cOlrmon source mate)'ials 

of uranium that occur in sedi mentary rocks. Granitic rocks occur in the 

Wi chita Moun t ai ns of Ok lahoma . Triassi c volcani c rocks. : (1) are associated 

with horst and graben that are now buri ed ·beneath the Gulf coastal plain , (2) 

occur in northern Mexico, and (3) occur in southwestern New Mexico and south­

eastern Arizona. These g~aniti c and vo l canic sources could have suppl ied 

sediment to the Dockum basin . Vo l canic activity was widespread du ring Cr eta­

ceous ti me , and as h might have been incorporated wi th the terri genous cl astics 

that accumul ated above t he Dockum i n Texas and New Mex ico. As h depos its are 

contai ned ; n the P 1 i ocene Oga 11 ala Format i on. Each of these sources cou 1 d 

have contributed uranium to t he Dockum . 

Feldspar con t ent is greater in fluvi al sandstones of the Palo Duro-Tule 

Canyon area than in flLJvial sandstones in Texas to the south ot" in north­

eastern New Mexico . Uranium content of sandstones in Palo Duro-Tule Carryon 

area i s higher th an in comparable rock s in nort heastern New ~l exico or in Texas 

southward t o the Matador Arch area . Relatively high uranium content coinci ­

dent with an incre ase in feldspar con t ent suggests that granitic rocks of the 

Wi ch ita Tectonic ·System couid be a source of uranium. Uranium in this area is 

epi genetic , ; s contai ned in s.andstone hosts , and was emplaced by ground water 

that f l owed from east to west. It is postulated t hat uran i um 11as emplaced 

during the Triassi~ . Dne can specu l ate that, because of continuously flu c­

tu ating lake leve l , uranium was precipit ated and r emob ilized repeated ly 

during the Triassic . Therefore , it is · possible t hat on ly smal l Uranium 

deposits will be f ound ;n outcrop and shallow subsurface . 

Relat i vely hi gh uranium values are widely dist l"ibuted in Dockum st rata 

that crop out in an area defined by southern Crosby .County southwar d to 
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Nitchell Cou.nty . Within this area sandstones and siltstones contain a signif­

icant amount of biotite which is assumed to be derived from a volcanic source . 

It i s possible that the source of ash and biotite was Triassic volcanics ;n 

Texas and northern Mexico . Although ash or tuff have not been recognized in 

Dockum depos its ; nd; rect evi dence, vol can i c bi at ite and montmor ill on; te, sug­

gest that volcanic activity transpired during the filling of the Dockum basin. 

It is unlikely that ash blanketed the bas i n. I~os t likely ash and tuff 

accumulated in the upland areas east and south of the basin where they \'/ea­

thered to form montmoril lonite which was subsequently eroded and transported 

by streams to lake margin areas. Uranium was probably released fr.om ash and 

tuff in the up 1 ands and transported bas inward through meander i ng streams . 

Uran i urn empl acement was ear ly (probab ly pr i or to cement at i on of sands tones 

and dewatering of mud and silt); a syngenetic origin of . tile deposits is 

possible . 

Uranium mineralization in the Dockum directly beneath Cretaceous and 

Pliocene sandstones and conglomerates i s most likely related to ash contained 

within these younger rocks and to Cretaceous and Pliocene aqu ifers . Chemistry 

of Ogal lala and upper Dockum ground water (Seni , 1977) substantiates the idea 

that Ogallala and upper Dockum gr ound-water systems are interconnected . 

Uranium that I'las released from ash in the Ogallala probably moved downward 

through the Ogalla l a then into underlying upper Dockum. Hovement of ground 

water through both Ogallala and Dockum strata was from west to east . Dur ing 

early pliases of uranium mobilization and ground-water movement, funneling of 

. flow probab ly occurred within erosional lows that were scoured i nto the 

Ooc~um . It is postulated that as ground water moved eastward through these 

erosional conduits that water migrated lateral ly (through valley walls) and 

downward into the Dockum ; since the Dockum was vi rt ua 11 y blanketed by Oga 11 a 1 a 
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there 'rlas downward movement of ground \'Idter everywhere into the Dockum, parti ­

cularly into the sandstones . Most of tile uran ium in the upper Dockum was 

probab l y derived from leachi ng. of ash within the Ogallala; some Ut"ani um may be 

related to enri chment dur i ng Triass i c and Cretaceous time . It is p'ossible 

that ~ l ow of ground water through the Ogallala and upper Dockum accounts for 

low va l ues observed i n t he Dockum in .N e'o'l I'lexica but re l atively high values in 

outcrop on the Texas side of the bas i n . Ground- \,Iater flow through the 

Ogallal a might hav.e caused enrichment ;11 the upper Dockum in some areas, 

wher eas uran ; um I'las poss i b 1y remobi l i zed and moved out of the Dockum; n other 

areas . It;s postulated , however, that enrichment of the upper part of the 

Dockum is of epigenetic origin re l ated to eastward movement of ground wate r 

t hrough t he Ogalla l a . 

Si nce the P 1 e i s tocene ther e has been an ever- decreas i ng amount of 

ground-wat er movement through the Ogallala . The Ogall ala has been dissected, 

and natural flow is most l y toward modern streams and vall eys . Upward ground­

water movement and evaporation have resulted in development of ex~ensive 

cali che withi n the Oga ll ala . This evaporative process shou l d have served to 

concent r at e uran i um i n the ca l iche . 

CONCLUSIONS 

Dockum Group (Late Tr i ass i c) i s the product of a continent al regime . 

Dockum sedi ment accumulated i n a f l uv·ial-lacustrine basin that was in marked 

cont r ast with t he II r est r ic t ed sea" of the Late Permian-Early Triassic whose 

deposits were typified by alter nating terrigenous clastics , evaporites , and 

carbonates which accumulated in a sha l l ow hypersaline sea in tidal flat and 

sabkha environments. 
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Initiation of Dockum sedimentation began with the opening-up of the Gulf 

of Nexico , a tectonic event that produced block faulting in the area of the 

pr esent Gulf coasta l plai n, r eactivated (uplifted) relict Paleozoic struc­

tural elements, produced a change in atmospheric conditions sufficient to 

cause a transition from arid uPermianu conditions to humid "Triassic" condi­

tions and was accompanied by vol canic activity . Sediment \r/as delivered to the 

Dockum basin by st'reams that headed in Texas, New Me'xico , and Ok l ahoma . Older 

sediment a,ry rocks were the major sediment sources . Gran; tic rock fragments 

were transported from the Wichita Tectonic System in Oklahoma south and south­

westward to the Dockum bas in. VA 1 cani c debri s, der i ved from the b 1 ock- f au lted 

area . accumulate9 to the south and east of the basin where it was weathered 

(possibly under humid cl imatic conditions) then was transported by streams to 

the Dockum basin . 

Uranium occurs in the Dockum in amoun ts .ranging from a few parts per 

million to several hundred parts per mill ion . Sources of uranium are indi­

cated to be granitic rocks in Oklahoma, Triassic volcanic rocks in ~Iexico and 

Texas (now buried beneath the coastal plain) , and vO'lcanic ash contained 

within the Pl i ocene Ogallala Formation , Uranium occurrence and depositional 

facie's ar e closely all ied, but this association has been somewhat modified by 

a complex ground-water history. Since the depositional history of the Dockum 

Group was one of fluctuating lake level (alternating humid and arid climatic 

condit i ons). any early (syngenetic) uranium deposits It/Ould have had short 

residence time ; uranium was repeatedly oxidized, mobilized, transported by 

the ground-water system, and re-precipitated in a neltl locale ill successively 

more bas inward pas it; ons . Gr.ound-water f 1 01'1 paths were a ltered by eros i on 

during Jurassic and Cretaceous time, and ground-vlater chel'1istry ~/as altered 

as Cretaceous seas transgressed the area; redistribution of shalloN subsur-
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face uranium de posits resulted from these changes in yround-I.,rater flOl'i and 

chemistry . A reversa l in direction of grou-nd-water flow within the upper part 

of the Dockum in Texas came about with deposition of the Ogallala wet alluvial 

fan systems ; flow on the east side of the basin vias t o the west untfl the 

eastward flow was estab li shed within the Ogallala . Uranium occurrence I'lithin 

the Dockum has been influenced by : (1) sources of uranium, (2) depositional 

facies \'Ihich prov ided the sedimentary hosts and requisite reductants, and (3) 

a complex of ground-water syst ems ranging in age from Triassic through Recent 

times during which man has altered the system. Uranium occurrence in outcrop 

and shallow subsurf ace bears the imprint of perhaps the youngest major ground­

"'later system; this \'lOuld be the Ogallala system at t he time its recharge area 

was adjacent to the Rocky Mountains .. Only th.e deeper uranium occurrence 

(regional radiometric anomaly) at the top of the lO ... /est progradational se­

quenc~ possib ly escaped r ed i stribution by changing flow patterns and "'/ater 

chemistry . 

Possible uranium prospecting areas ~nd/or strat i gr aphic horizons are : 

(1) Palo Duro-Tule Canyon area, (2) southern Dickens to 14itchell County area , 

(3) the reg i onal rad i ometric anomaly at the top of the lowermost prograda­

tional sequence, and (4 ) Dockum rocks immediately below the Ogallala Forma­

tion. Sediment transport in the Palo Ouro-Tule Canyon area was to · the \<;est 

and southwest ; granit i c detr itu s was derived from the Oklahoma area; ground­

water flo ... 1 was for the most part down depositional slope ; trends within 

uranium-bearing strata should be to the west ilnd southwest. Sed imen t trans­

port within the Dickens-Mitche ll County area was to the west and nortll'.oJest; 

uranium-bearing volcanic debris was derived from an area now buried beneath 

t he Gulf coastal plain; ground-water flow dUI'ing Triassic was down deposi­

tional s l ope ; trends within w'anium- bearing strata should be to the west and 
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northl'/est . Reg; ana 1 rad; ometr i c anoma 1 Y i'/ith i n the subsurf ace above the 

lowermost progradational sequenc'e, if proven to be uranium-bearing, would 

have to be produced by a leaching process j uranium emplacement and concentra­

tion were probably during Triassic time through an evaporat ive and/or 50il­

forming mechanism. Trends of uranium- bearing deposits with i n the Dockum 

beneath the Ogallala should parallel the paleotopographic lows cut into the 

Dockum , the trends of Dockum sandstone bodies, and the direction of Pli ocene­

Pleistocene ground-water flow . 

Additional research that I'IDuld aid the understanding of uranium distri­

bution and enhance the possibility of discovering uranium deposits I'lithin the 

Dockum wou 1 d be : ( 1) a petrograph i c-geochemi ca 1 study of soil s (calcrete. 

silcrete , etc . ) in the Palo Duro- Tule Canyon area , (2) continued investiga­

tion of ground-water flol'l history , and (3) a cori ng prog!'am designed to test 

select areas of the Dockum beneath the Ogall ala Formation . 
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APPENDI X 

Cross Section A'-A 

H. Hunt, 4 , ,Iimberly 

Phillips , A- I , Harral 

El Pa so Nat . Gas , 0-1 Winfie l d 

Gulf , 5T-l, ,iarnock 

H. O. R. , 10: Wil ba'nks 

J . Gri m, 1, Nea l 

Sincl air , 2 , Fid elity Trust 

Sincl air , 1 . Li gon 

Dixilyn Or1 g . , 1 , Kimbell 

Ar go A. , 1 , Wi l son et a l. 

L. Cr um l eg, 1 , O. P.A. 

Penzoil . 26- 1, Uni versity 

F. Ch apma n , 1, Hal ey 

Sincl air , 2 , Gi l ls 
Argo ; 0 . • 1, Li nberg 

Redfern & Herd , 1. Brunson 

Hill and Neeker , 1, Hall Fed. 

CanoeD . 1, Levick Ford . 
Ora l Prod. Co ., 1 , Hudson Fed. 

El Cinco 0 . , 1, 5hell Fed . 

Hud son & Hudson, 2, Inverson Fed . 

Canoeo . 1, Wi lliams Ranch 
Texaco , 1, State AU 
Superi or , 1-335, State 
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Chaves , N.t·1. 
105,31,22 
85 , 30 , 2 

Roosevelt , N.H . 

55 , 30 , ____ , (05) 

Chaves,' N.M. 

3, 27, 14 
15 , 26, 21 

De Baca , N.N. 
2N , 25 , 18 
3N , 24, 6 

Guadal upe , N .~I. 

5N , 23, 11 

7N , 22, 15 

8N, 22, 20 
lON , 22, 22 
llN,21,22 
14N , 21,13 

Cross Section A'-A (Cont'd) 

Hall , l-G, State 
HWJ Prod. , 1, Cato St. 

Tidewater , 1, Boone 

Sunray Ox , AK-l, State 

Sandefer , 1. Vaugn 

Twent i eth Century, 0, 1, Myri ck 

General Cru de , l-A , Fed . 

Fel mant 0. , l-A , Whitaker 

Baker and Taylor, 1 , Smith 
Thompson, et . al 0' 1, Tucumcari Nat. Bank 
General Crude, 1. Spires 

Cities, 1 , Driggers 

H.O.R. 6-34-13, Core lab. 

92 



Cross Section B-8 1 
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18 Standard , 1, Hill 

Hartley , Tx 

20 Sinclair , 1, Reynolds 

26 Standard , 1 , Buzzard 

29 Bridwell 0, 2-A, Hougetan 

Oldham, Tx 

3 Shell, 80-1, Fulton 

4 Superior , 3, Matador 

19 Pan Am Pef. 1, Hha l es 

Deaf Smith , Tx 

12 L. P. Oil Comp, 1, Hor9an Jones 

3 Honolu l u , '. Ponder 

Parmer. Tx 

4 Gulf Oil Corp. , A-l, Keliehot 

Castro . Tx 
4 Skelly O.C. , 1, S . . I~ilson 

15 Amarillo Oil Co . , 1 , L. C. Boothe 

1 

Lamb , Tx 

14 

78 
28 

Hockley, Tx 

Sun Oil Co., 1, 14 . C. Vselton 

Anderson Prichard O. Corp., 1, E. ~\. Getty 

Sinc lair Oil & Gas Co., 1, Roy Gilbert 

L. C. Hewitt Trustee, 1 , Cunningham 

136 De Kalb Argicultural Ass . [nc., 1, R. M. Smith 

16 Delfern O.C., 1, f1itchell 

28 Sta nolind 0 & G, 1. IL J. Powell 

96 Amerada Pet. Corp . , 2 , Brown 
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Cross Section B-\3 I (Cont td) 

Hockley , Tx 

347 

21 

S & W Richardson, 33, S. A. Slaughter 
Gulf Oil, 26 , Malleh Ld & Co. 

Terry. Tx 

137 H. W. Baxter & Great Western Drilling Co., 1, Pool 

132 Sun Oil Corp. , 1 , Laura Winn 

130 Phillips . Pieta Co . , E-l , . John 

207 Placid Oil Co., 1, Von Rosenberg 

Gaines, Tx 

486 Texaco, 1, Hudson 

507 Anderson Prichard, 1 , Boldin 

96 McDaniels & Beechel, 1, Radford Grocery Co. 

465 Cities Service , A-l , Pruett 

Andrews . Tx 

34 Pan-Am Pet . , CU-l , V.St. 

Martin, Tx 

101 Texaco , X-l . Univ . 
179 Leland Dav i son, 1. r·labee 
B9 Gu l f, B-3 , Glass 

45 Bl ackwood & Nichol s, 1, St i mson 

I~ idland , Tx 

281 ' Ashum & Hilliard 0, et a1., 1 , Jones 

121 1·loore Expl., 1, Dowler-Houpt 

125 York & Harper, A-l, TXL 

23 T. X. L. Oil , A-l , Bryant 

333 J. Connally 0 . ,44 - 1 , Shackelford 

Upton, Tx 

104 Amerada, 1-44, Tippett 

180 Humble , 12, Pembrook 
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Cross Section B-U ' (Cont'd) 

Reagan, Tx 

231 Blackwood & Ni chols 

109 Humble , N-l , V.St. 

437 Sunray , Ox, 25-2 , U.St. 

9 H. Bakke, 1 , Gulf, Vist 

Crockett , Tx 

39 

67B 

Hydro Drlg . ,. 2) Nea" 

M. Bryant , 1, Shannon 

766 ConoeD , A-24 , Shannon 
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. Cross Section C-C' 

Carson , Tx 

68 Pure Oil , 1, Reed 

Annstrong, Tx 

22 Suray, SP 13 , E. Palo Duro 

17 Suray, C.O . H, 3, E. Pal o Duro 

1 Burdell 0, 1, l~cGehee 

S\'Iisher, Tx 

5 Standard D.C., 1, Johnson 

Briscoe, Tx 

Gulf, 0-1, S. A. Rogers 

S\.,. i sher, Tx 

9 Frankfort O. C. , 1, Sweatt 

Hale, Tx 

53 Ed Ogles Worth, 2 , 8iers 

41 Permi an Bas;n O. C. , 1, T. A. Shi pp 

44 Russell 0 Magire, 1, Wherley 

20 Honolulu O. Corp, 1, Marth a Schu l tz 

Lubbock, Tx 

24 Standard Oil & Gas Co., 1, G. G. ·Flinn 

93 Roden 0., 1 , Bozeman 

81 Mil es Kernaghan, 1, Sherrod 

39 OOB Oil Properties , Inc., 1, Boyd 

Crobsy, Tx 

28 Stephens Petr . Co ., 1, Forres t 

Garza, Tx 

139 Garret Oil , 1, Stu ll e 

135 K. E. Parr et al, 1, Ray Ca ll in s 

423 Hono lulu Oil Corp., 6 , Richardson Unit 



Cross Sect i on C-C' (Cont'd) 

Garza, Tx (Cont'd) 

264 Sinclair 0 & G., 2, Jones 

397 O. J . Stoni r Oi l & Gas Operat i ons, 5-1, Post estate 

Duncan Orl g .• l-A, Kirkpatrick 

D. J. Stone 0; 1 & Gas Operations, 1 , 

R. S . Anderson, 1 , Connell 

458 

395 

453 

49 . 

42 

R. S. Anderson , 5 , Standlind-Stoker 

R. S . Anderson, 1 , 1·1il ler 110 11 

Scurry . Tx 

280 

214 

9 

Bright & Sch i ff . 1, Cl awson 

·Humb 1 e on & Rfg. , 11, Shannon 

Sun Oil Co. , 8-4, Randa l s 

180 

377 

Mitchell , Tx 

Lone Star. Prsd . Co. , l , McLaughlin 

Robinson Orlg. Co ., 1, C. H. Toombs 

14 Theiss Or19 . , C3 , Strain 

79 Pan Am, l . Barber 

23 Humbl e , l, Coo per 

32 Canoca . l, Ellwood 

Ste rl i n9, Tx 

156 Great Western Drlg ., 1, McCube 

143 11onsanto, 1, Lea 

141 HMH Operators , 2A , Ray 

~loore-Conne l 
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Guadalupe , N .fl. 

BN, 22, 20 

7N, 22, 15 

5N, 23, 11 

DeBaca, N.11. 

3N, 24, 6 

2N, 25; l B 

Chaves, N.M. 
15, 28 , 4 

Roosevelt, N.11. 

2.5 , 30, 36 

45, 32, 29 

65, 34, _(013) 

75, 36 , 29 

BS, 37,14 

Cochran 

260 

149 

8 

209 

Yoakum 

209 

23 

Terry 

1'03 

Cross Section L-LI 

Thompson , et a 1 . , 1 , Tucumca r i 

Baker and Tayl or , 1, Smith 

Felmont 0 ., l-A, Whitaker 

General Crude, l-A, Fed . 

Twentieth Century 0., 1, Myr i ck 

McAdams , 1, White 

Baker & Taylor, 1, State 

Austral 0 ., 1, Sadler 

Sunray Dx , 1 , N.Mex. St. "FFll 

Pam Am, A-l, Peterson Fed . 

Shell, 1, Bl uitt 

flat. BAnk 

Texas Pac . Oil Co ., 1, H. B. Robb, Jr. 

r~onterey Oil Co . , 1, F. O. Masten 

Great Western Procedures, 22 - 2, Starr;es 

J. M. Huber & J. P . i'lagner, 1, fl. E. Daniel 

Cabot Carbon, 1-4, Walser 

Paul ~luss'ewhite, 1, Bob Lackey 

Phillips Pi eta . Co ., E-l, John 
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Pecos , Tx 

876 

424 

767 

194 

429 

182 

180 

538 

615 

485 

2BB 

383 

595 

209 

Crane, Tx 

Cross Section 1'I-H ' 

HOR-, B-1A , El sinore 

Hunt, 20, Elsinore 

HOR, D-2; Pike's Peak 
Hunt, 2, Elsinore 
Great Western, 1, Oates 
Stanol i nd, A-l , State 

J . Meriwether, 1, Leon Farms 

Humble, 1606, Ft . Stockton Unit 

HOR , 10, Wilbanks 

Amerada Petroleum Corp, A-l, E. O. Reed 

Texaco , 1, Athins 
El Paso , 1 , Athins 

J. C. Barnes, 1 or Unit 8, Jackson 
Thornbury-Gas et al . , 1, Pecos 

485 Southland Log , 2, Evdaly 

194 Texaco, 1, Evi:laly 
389 Ase11 , 1, Adams 

606 I~oran Bros . , 1, Reed 

184 Gulf, 855-E, Hadde11 

608 Atlantic, 36, Barnsley 
100 Ohio Oil, A-2, 8arnsle 

123 Gulf, 3E, Lea 

79 1·lagnolin , 43 , Lea 

495 Phillips, \~-', Un i versity 
469 Gulf, My-l-O, State University 

440 R. Wood Et al, 1 , University 

134 Kewanee Oil, E-7-0hio 

Upton, Tx 
77 Wilshire Oil, 14-117, McElroy 
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Harding , N.M. 
18N , 30 , 28 

18N , 32 , 14 

Un ion, N.M. 
18N , 34 , 31 

Quay, N'.I~. 

17N , 36 , 28 

Hartl ey, Tx 

1 

26 

8-60 

Moore, Tx 

56 

Cross Sect i on H-W' 

SEC . Corp., 15, I~itche ll 

H.O.R., CM-l, State 

H.O. R. , CK- l, State 

H.O.R., Co-l , State 

Skell y , 1, Castleberry 
Standard, 1. Buzzard 
Michigan-Wi scons in Pipel ine , 1. Call i ns 

Phillips, 2, Ell i s 
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Guada lu pe , N .r~. 

lON , 22, 22 
lON, 23, 32 
l ON , 23 , 21 
llN, 24 , 25 
llN, 26, 17 

San ~ligu el, N, ~1, 

12N, 29 , 18 
12N , 30, 17 
12N, 32, 11 
12N , 34 , 35 

Ol dham , Tx 

B-68 
19 
27 
37 

Potl er , Tx 

8-14 
17 

88 

Carson , Tx 

68 

Cross Section X-X' 

General Crude, 1, Spires 

General Crude, A-2, Simpson 

Lat4ance Drlg., 1, Simpson 

H.O.R., 6-43-25 , Core Test 
H.O.R . , 6-14-17, Core Test 

r~i ami Pet. 2 . Hoover 

Puretex, 2 , Chappel 
O. Led gerwood, 1, Kimes 

Penrose, 1, Tippin 

Livermore , 1, Moser 

Pan Am Pet . , 1 , Wha 1 es 
Shell, 2-58, Strat Test 
Shell, 1-60, Alamosa 

H.O.R ., '. Emeny 
J . Brown, 1, Hill 

Asarco , WOW-1-29, Amari l lo field 

Pure 0 .• 1, Read 

10J 



Cross Section y_yl 

Eddy, ·N .1·1. 

185 , 29 , _(06) Leonard D., 1, Fed. Parcell 

195 , 31, __ (OlD) Cherry Bros., 3 , Featherstone Fed. 

Lea , N.N. 

18s , 32, __ (052) Shell, 1, Querecho Plains 

Conoco, 1, Tonto Deep 
Si ncla ir, 1, State Lea 4D3 

Conoco , 1., North ' Hobbs Unit . 

185 , 34, _(054 ) 

185, · 35 , _(055 ) 

185, 37, _(057) 

185 , 39, _(05B) Bishop Canyon Uranium Corp ., 1, Gule Toml i nson 

Gaines, Tx 

llB 

125 

l B8 

523 

39 

Terry; Tx 
2D7 

3 
167 

Lynn. Tx 

94 

BB 

73 

29 

Crosby , Tx 

34· 

66 

63 

13 

Anderson Prichard 0.,4 , Jones 

Shell, 16, Leaverton 

Amerada , 1, Riley 
Chi l dress Royalty D., 1, D. O.C . 

Osmonds , 1, Morris 

Plac id Oil Col, 1, Von Rosenberg 

Fullitation Dil Col , 1, Taylor 

Greenbri el Oil Co., 1, Joh nson 

NeAl ester Drlg .• 1, Edl'/ards 
Argo D., 1 , Edl<ards 

Dekalb Ag. Assoc. & Balbon 0 . , 1, Terry 
Ro l and S. Bond, 1. H. V. Wheeler 

Sinclair 0 & G., 1, Guy Price 

H. L. Hunt, 1, Jones 

Morris R. Antweil , E-Al, English 
Tidewater Assoc. O. C., 1, Hickman 
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loving, Tx 
79 
67 

Wi nkl er, Tx 
651 
142 
66 
4 
597 
299 

Ector , -Tx 

1126 
743 
532 
158 

Midland, Tx 
462 
281 
321 

Martin, Tx 
44 
71 

Howard , Tx 
466 
88 
6 
10 
229 

231 -
402 

Cross Section Z-Z' 

Sinclair, 1, Bailey 

LeBland et a1., 1, University 

Healey & LeBlond, 1-23, University 
Shell, 21-A-l , Un i versity 

Noel & Rodman, C-3, Hendricks 
Hudson &- Hudson, 7, Ha 11 ey 
J. Champlin, 1, Mitchell 
Stanolind , A-l, Wi9ht 

Texaco, B-4, T. Thomas 
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Texas Pacifi c Coal & Oil & Eastland Oil, C-l, Johnson 

Sinclair , B-~l , Johnson 

Felmont, 1, Parks 

Texaco, 1-B, Bryant 

Ashum & Hilliard 0., et al., 1, Jones 

F. _ Holbrook & Brennard, 1, McAli ster 

Union Sul phur, 1. Snyder Arnett 

Stanol ind, A-2, Mulkey 

National Associated Pet.. 1, Quinn · 

Ibex, 6 , Velma 

Cos den Pet . , B-4, PeHerson 

Stanolind , 0-1, T.X.L. 
J . ~Jill iamson & J. B~rnes, 1, \~ade 

R. Smith, 1, Barber 

Sunoco . 1, Snyder 



Mitchell) Tx 

87 
79 

lB4 

24 
207 

Cross Section Z-Z ' (Cont'd) 

Robinson Drlg . . 2, Wastan 

Pan Am, 1 , Barber 

Seaboard, 1, Thompson 
Flour Bluff 0., 1, Girvin 

Great Western Ol"l g .• 1. Bauman 
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