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-'Stratlgraphlc studles of ‘the. Palo Duro Basm are now in- thelr 8th year Although the‘ .

' _iand the Wolfcamp Serles (sub-rep031tory aqtufer) 1nvestlgatlons of other: unlts (flg l) contmue._;» :

to be carrled out as well Thls report mcludes work that was not avallable t"or mclusron m last e

i fi_f":._,::years (1983) CSR on stratlgraphy (Open Flle Report No OF WTWI 1984 30) The sectlon on,; 5

1 these studles now lles in the San Andres Formatlon (p0551ble rep051tory host rock)w 5

‘:"'ﬂ*’pre Pennsylvanlan stratlgraphy represents the flnal stages of study of those umts., The report i

“*"-f‘detalllng structural control on deposmon of the San Andres is part of an onoomg effort to‘ ‘

| '*f-"ffiirecognlze mdlcatlons ot structural ror tectonlc controls on sedlmentatlon throughout the ¥

P "‘,,stratlgraphlc column in the Palo Duro Basm area. Studles of the Dockum Group are reveallng’,l g

. 3',51mllar controls durmg the Tr1a551c.. Core studles of the Dockum are lncreasmg our resolutlon*

v“'of deposmonal settlngs in the area.

STRATIGRAPHY AND DEPOSITIONAL SETTING OF PRE PENNSYLVANIAN ROCKS IN
THE PALO DURO BASIN AREA

(S C. Ruppel)

- In'tro'duc’tion”'

The Palo Duro Basm is one of flve sedlmentary basms that, along with assoc1ated arches. e

E and upllfts, make up the Texas Panhandle area (flg l) These basms, whlch along W1th others to o

RN the north and south comprlse the Permlan Basm, were formed prlmarlly by tectonlc forces flrst el

: ‘actlve in the Pennsylvanlan The Palo Duro Basm, as lt is defmed by most lS bounded -on- the
south by the Matador Arch on- the north by the Amarlllo ‘Uplift, and on the west by a sllght",,

lp051t1ve feature that separates the Palo Duro from the Tucumcarl Basm ln central \Iew Mex1co

< _(Budnlk and Smlth 1982) “To the east, separated from the Palo Duro by another slight positive .

’v ffeature, are the Hardeman and Hollis (or Harmon) Basms (Totten, l956). In the past some have/



3 _'mcluded the Hardeman and Holhs Basms as part of the Palo Duro The Dalhart Basm isa mmor o

subbasm separated from the Palo Duro by a posmve feature known as the Bravo Dome (flg 2)

The Palo Duro and assoc1ated basms m the Texas ‘Panhandle area contam rocks rangmg m‘ E

: : '_‘:age from Precambrlan to Recent (flg 1) The pre-Pennsylvaman sequence, however, comprlses o

“"only questlonable Cambrian, Ordov1c1an (Lower), and M1551551pp1an rocks (flg 1) Stlurlan and:’ '

i :"‘;“Devoman depos1ts are. absent Pre-Pennsylvaman rocks range in thlckness up to about 1 OOO to'” ]

e : 1 200 ft (305 to 366 m) in the Palo Duro and Dalhart Basms and as’ much as 2 OOO to 2 500 ft‘_ i

i (610 to 732 m) in the Hardeman and Holhs Basms

Studles of pre Pennsylvaman rocks m the Palo Duro Basin area are relatlvely few. The: :

'most comprehenswe early study is that of Totten (1956) Other summarles have been pubhshed s

-by Roth (1955), Huff.man (1959) Nlcholson (1960) Best (1963) and Soderstrom (1968)

. ;;’j analysrs of the Dalhart and Anadarko Basm area was prepared by Cunmngham (1969) More~

: ‘.:"recently, Mapels and others (1979) characterlzed the Mlss1531pp1an of the area. ; Dutton and-s_

"}others (1982) gave a. br1ef summary but no deta1led study of pre—Pennsylvaman rocks has been e

’ ‘pubhshed prev1ously for the Palo Duro area. Such a report is- long overdue, con51der1ng the* '

contmumg 1nterest in the area for p0551b1e exploratlon targets for 011 and gas. s

Geophysmal well logswfrom more than 7, 500 wells in 57 countles of Texas, Oklahoma, and.‘
4 v‘New Mex1co have been exammed for thlS study About 250 wells penetrate pre-Pennsylvaman»
»'umts in the Palo Duro Basin. Commermally prepared sample logs were avallable for about 175'

: ‘:‘ of these Rock core was descrlbed from one well in the Palo Duro Basm area and elght wells m-:

the Hardeman Basm (flg 2). Cuttmgs were exammed in 115 wells.
| Structural Setting

The general str_uct'ure of the Texas Panhandle area is indicated by contour maps on the t’op‘

of the E-llenburger (fig. 3) and the top lof t_he_ Mississippian (fig. 4). The axis of the Palo Duro



' 3'9_,':,‘Ba51n generally trends east—west w1th the deepest parts occurrlng ln southeastern Floyd/f'

S "f’_:southwestern Motley Countles., '\/llSSlsslpplan rocks reach depths of more than 7 500 ft. (2 286 m). o

_‘:}'below sea level in thls area (flg 4) Most of the faultlng apparent from contour mapplng has a;'

: ;fnorthwest/southeast trend Selsmlc data avallable from the central and western parts of the}“

s :_:,j_ba51n support thls lnterpretatlon, but also reveal a secondary populatlon of. northeast/southwest T

fbl‘_:f,'trendlnrr faults (R ’l' Budnlx, personal commumcatlon, 1984) Selsmlc data also 1ndlcate that

'f:»»‘;]‘,»_,faultlng lS much more prevalent than is suggested by structural contour maps based on avallable :

;‘,vwell data. LI

The \/latador Arch Wthh forms the southern boundary of the Palo.. Duro Basm is a

o .“;complex feature composed of lsolated hlgh areas commonly bounded by faults (flg 4) Faultlng'_ o

along thls structure lS ub1qu1tous and complex apparently resultlng in numerous small fault

S blocks. The NRM fleld the only pre-Pennsylvanlan (MlSSlSSlpplan) hydrocarbon dlscovery 1n the' _

" Palo Duro Basm area (now abandoned) appears to be located on a small fault sllver in one of'

; these extremely complex areas.
The nature of the margms of pre Pennsylvanlan units in much of" the area'is problematlc ‘
: -,‘,‘fvlost deplctlons tend to suggest that 1t is erosmnal (Huffman, 1959 Nlcholson, 1960) Thls is

most certalnly true of the Ellenburger along the Texas Arch (flg 3) Avallable seismic data,_

however, lndlcate that in some areas these maralns -are fault controlled (for example, in:

””g,-»‘western Deaf Smlth County) as 1nd1cated by the somewhat llnear nature of many segments of

these contacts.. i

Tne Hardeman Basxn area. is separated from the Palo Duro Basm by a posmve area of low '

rellef that extends generally north/south through Cottle and Cnlldress Countles (fig. 4). 'l'he'-

Hardeman Basm, in turn, is apparently separated from the Hollls by an east/west llne of hlgh

B _structures and a 51mllarly trendlng fault zone. Dlsplacement along this fault zone exceeds'

l OOO ft -(305 m)’ Depths in the Hardeman Basm are generally Slmllar to those 1n the Palo Duro,

o the Hollls Basm is somewhat shallower (flg 4).



The Dalhart Basm occuples the northwestern corner of the Texas Panhandle (flg 2) It s

(

“'-.;*r}'separated from .;the Anadarko by northwest and northeast trendmg faults and a north/south; "
. ;:-'trendmg posmve feature (Clmarron Arch/ Keyes Dome) Pre-Pennsylvaman unlts m the Dalhart' |

:"Basm are qu1te shallow (f1g 4)

Stratlgraphy and Deposnlonal Env1ronments

The pre-Pennsylvanlan sequence of rocks 1n the Palo ‘Duro,: Dalhart and I—Iardeman Basins

»j,,;_comprlses only three parts._ (l) a basal thln umt of terrtgenous (Cambrlan'P) clastlcs, (2) an

'_;;overlymg mterval of Lower Ordov1c1an (Ellenburger Group) dolomltes, and (3) an. uppermost

S '-"sequence of MlSSlSSlpplan carbonates that is predommantly composed of llmestones Although'

’ :v,-_:':these dep051ts are varlably developed throughout the area, flgure 5 1llustrates typlcal sectlons o

S . .:‘for each of the basms. ;

| j",Bv'asalClastic‘s'(Cambrian’?) e

Thm oeds of terrlgenous clastlcs overhe the basement m several parts of the area (flc 6)

' ‘-'"ff'.‘Although tthk sequences of these dep051ts have been reported from the Hardeman Basm i

‘» ,;(Montgomery, 1984) throughout most of: the area thlcknesses greater than 50 ft (15 m) are rare.

. In most cases, these dep051ts comprlse rounded, quartz sandstones. Gray and green shales are

observed at some localltles, clasts of dolomlte and/or llmestone are also locally present These" '

'basal sandstones grade downward mto the underlymg weathered basement rocks m many places' L

i ":makmg premse dlstmctlon of the two umts locally dlfflcult.

! The dlstrlbutlon of these. basal sandstones generally corresponds to that of the overlymg
.’.-_Ellenburcer Group (flg 3) This 1nd1cates that these dep051ts once covered: the entlre Panhandle
e ln a thm‘veneer Mlddle Paleozmc eroswn along the Texas Arch (fig. 3 Adams, 1954) removed-
:_;most of these deposrts in the central part of the Palo Duro Basin along w1th the Ellenburger _
)‘There are at least two areas in the Palo Duro Basm, however, where substantlal thlcknesses of
»v basal rounded quartz sandstones are present w1thout any apparent assoaatlon to the dlstrlbu-

| tlon of the Ellenburger In southeastern Swisher and southeastern Floyd Countles (ﬁg 6), more



f’than 200 ft (ol m) of such dep051ts have been reported -These’?r”ocks“ —_»are_wov'erlaln by

R ;'\/hssrsapplan carbonates

The exact age of the basal clastlcs in: the Panhandle area is unknown. In some mstances,‘:;
| Z}they have been correlated w1th the chkory Sandstone (member of the Cambrlan Rlley’

5 'Formatlon) Wthh crops ‘out in central Texas (Barnes and others, 1959) Other dep051ts of

. "_:‘”'51mllar llthology are known, however, from younger Cambrlan and Ordov1c1an umts (Wllberns] ’

- 'Formatlon) that outcrop in. central Texas Barnes and ‘others. (1959), in fact, 1nd1cate that the
'r".Wllberns overlles basement dn northern Texas. Thls suggests that the basal clastlcs of the;

’Panhandle area should be regarded as Wllberns, not Rlley (chkory) ‘In the absence of good core ‘

o : data, however, the. precxse correlatlon of the: Panhandle basal sandstones cannot be estabhshed

‘Because of thelr stratlgraphlc posmon below the Ellenburger Group, it is hkely that most of -

““-ithese dep051ts are Camorlan in age. They were’ probably formed durmg the general marlnev

T : transgressmn of the area at the beglnnlng of the Paleozoxc. ‘

| The or1g1n and age of the thlck depOSltS of - sandstone in Sw15her and Floyd Countles is
‘ ,m-Ore emgmatlc Because they are overlam by MlSSlSSlpplan rocks, several p0551b111t1es ex1st.-_ ‘

(1 they may be basal dep051ts formed durlng the transgresslon of the area in the late

o ,:"Devoman/early M1551551pp1an, (2) they may be Precambrlan sandstones that have been exposed '

by erosron along the Texas Arch or (3) they may be equrvalent to the other Cambrlan basal-"‘-, :
“ clastlcs in the area, preserved because they were dep051ted in structural depressmns or fault
: ‘-blocks.‘v ’\/leager ev1dence favors the latter lnterpretatlon ' T-he— thick: accumulatlon 1n‘Floyd'
‘lCounty, for example, 1s known to coincide w1th a structural low between upllfted blocks along~ |

SRR the Matador Arch (R T Budmk, personal commumcatlon, 1984)

‘ ‘Lower Ordov1c1an, Ellenburger Group
The Ellenburger Group comprises.all Lower Ordov1c1an dep051ts m the subsurface areas of
‘ north and west Texas and southeast New Mex1co (Barnes and others, 1959) Partlally equivalent

'rocks in Oklahoma and the northern part of the Texas Panhandle are included in the Arbuckle:



,-"uroup By deflnltton, the Arbuckle dlf:fers from the ullenburger by contalnmg Upper \.,ambrran .

; ‘_as well as Lower Ordovrcxan rocks. For purposes of thls report, however, all of these dep051ts 1n'

4 -fthe Texas Panhandle area w1ll be referred to as Ellenburger, since thlS term is: more common qno

S Texas usage and because the exact age of these deposrts in not known.

The Ellenburger 1s present throughout ‘the’ Texas Panhandle except where 1t has been'

' -‘}ffremoved by erosmn along the Amartllo Upllft and Texas Arch (flg 7) Where present in. ther

_,_}Palo Duro and Dalhart Basms, the Ellenburger reaches ‘maximum thlcknesses of only about"”

o :}:,‘500 ft (152 m) In the extreme eastern part of the Palo Duro Basm, thlcknesses of greater than :

l OOO it (305 m) are known (flg 7) Although thlcknesses as great as 2, OOO ft (610 m) have been o

i ,mdlcated in’ the Hardeman ‘and HOlllS Basm areas (Barnes and. others, 1959 Huffman, 1959)“-'_.-

. _’such values are not supported by avaxlable well data. It is clear, however, that the Ellenburger

',_does thlcken markedly into the area 1mmed1ately south of the Amar1llo-W1ch1ta Upllft' .

2 ]:":_}‘(Colllnsworth Chlldress, and Hardeman Countles, Texas, and Harmon County, Oklahoma)

Sample logs 1nd1cate that the Ellenburger Group comprlses fme- to coarse-gralned
»‘sucrosm to rhomblc dolomlte throughout the area Shale and medlum to coarse-gralned
2 rounded, quartz sandstone are locally common leestone is extremely rare. Chert is common'
: ‘throughout most of the Ellenburger, in many areas it is oolltlc - Glauconite and pyrite are
: , present as mmor accessory«mlnerals Glaucomte is espec1ally common at the base. and the too‘-_ -
of the Group Color in the Ellenburger is. qu1te varlable. Dolomlte is most commonly gray to_.
"’»brown, but whlte, cream, plnk and yellow colors are also reported These rocks do .not,
' nowever, show a progressrve southwest to northeast darkemng of color as suggested by Barnes
.‘ and others (1959) ‘vlost shales in the Ellenburger are reported as waxy and gray green in color'
""'red brown shales are less common. Chert is most commonly white to pink, although shades of
"blue are also reported g

Examlnatlon of avallable core in- Hardeman County shows the Ellenburger to be composed
_“nearly entlrely of crystallme dolomlte. ‘Allochems are rarely preserved Brecc1ated zones are

: present_at 1rregular_ tntervals throughout the Group; they are partlcularly common at the top of



s a’the,s'é"quén'c’e. In general the Ellenburger of the current study area 1s qu1te sxmllar to that-,

descrlbed by Folx (1959) The A.rbuckle Group of Oklahoma is also apparently 51mllar (Cardwell :

Ry _,_'1977)

The Ellenburger was dep051ted in a qu1te shallow marme settmg that covered large areas

. “ --'of the North Amerlcan contment durmg the Lower Ordov1c1an (Cloud and Barnes, 1948) There -

g ‘ 15 llttle 1nd1cat10n that 51gn1f1cant env1ronmental d1ver51ty ex1sted anywhere m the Panhandle'j_ _

,;‘;'area. Even in the Anadarko Basm, Where thlcknesses exceed 2,000 ft (610 m) the Ellenburger» -

‘ }:(Arbuckle) appears to represent shallow-water, subtldal ‘to supratldal dep051tlon. 7 The umt does"v'
‘ '-,‘grade from bemg predomlnantly dolomlte, in West Texas and the Panhandle area, into’ llmestone ‘~
‘im central Texas and southern Oklahoma (Barnes and- others, 1959) ThlS may 1nd1cate that a‘
i 'sllght west to east freshemng (decrease in sallmty) of ‘water ex1sted durmg deposmon Folk
".‘-(1959) however, pomted out that there is no ev1dence to suggest that thlS is related to any‘ -

vmajor change in bathymetry

 The -MiSSissipp'lan System
| Dep051ts of apparent MlSSlSSlpplan age’ occur throughout large areas of the Texas;,
, Panhandle reglon (flg 4). 'l'hese rocks overlle the Ellenburger throughout most of the Dalhart '
'and Hardeman Basms In the Palo Duro, they overlle the Ellenburger or: rest dxrectly on"
;--Precambrlan basement (f1g &) Mlddle and Late Ordov1c1an, Sllurlan, and Devoman rocks are, :
for the most part, only present in the Anadarko Basm (flg 8) These Mlddle'Paleozmc dep051ts
[‘were apparently removed from much of the Panhandle area: by erosion durmg the Mlddle . '
. Devoman (Huffman, 1959; Amsden and others, 1967) Mlddle and Late Ordov1c1an are present 1n* v
‘vthe northern frmges of the Dalhart Basm and in, the extreme eastern part of the Hardeman “, X

| "_Basm (flg 8) | .
M1531551pp1an rocks reach thlckesses of a5 miich as 4, 000 ft (l'220 m)'" m ‘the Ana‘dark.of
‘Basin, north.of . the_Amarlllo Uphft.(flg. 9) South of the upllft area, greatest thlcknesses are -

found in the Hollis and Hardeman Basins; as vmuch as 1 ,#00 ft (427 m) of MiSsissippian has been



" rebiorted,in .thi's> area (flg 9), The Palo Duro and Dalhart Basins contain makimurn thicknesses
of -‘ab‘ou‘t 900"ft @74m). N - "
The M1551551pp1an System of North Amerlca comprlses four ‘series: Kinderhook Oéage,. g
‘Meramec, and Chester (Dott, 1941; Cheney and others, 1945). It has been common: practlce in
“the Panhandle area. to use these series to subd1v1de the M1551551pp1an sectlon (f1g . Because of
‘the scarc1ty of - bxostratlgraphlc control, however, the recognition 'of these units 1n ‘the -
vsubsurface of th‘e Panhandle is prlm'arlly based- on lithologic correlation to well-known outcrop
'section‘s‘in the‘ r‘egion. ,‘ Recognizing thve questionable t(alidity of the use of these series ‘in the -
, ‘subsurface, t\"/l‘apel and others (1979) us‘ed l‘e}tter designations tov subdivvide 'the‘f\/l_issi'svs'ippian' in
-the area,(fig. 10). ‘In effect; these series-designation_s are employed as rock-strat’igraphicunits '
(that ‘is‘,>vGroups) in the subsurface of the Panhandle. Undercoveri-ng this factis biostratigraphic
bev1dence recently recovered from core'in the Hardeman Basm area which mdlcates that the so-
called Osage Serles is actually Meramec in age (Ruppel 1983, 1984)

Hardeman Basm

N\

’ :»Because' of numerous recent hydrocarbon di‘scov‘eries‘,‘ the‘Mississipp.ian ‘sequence in the
“‘Hardeman Basin has been more extensively.studi‘ed ‘than elsewhere in the Panhandle area. The
basicstratigraphy is quite uniform throughout the Hardeman and Hollis Basins. The Chappel»b
Formatron forms the base of the sequence, restlng directly on Ellenburger Group dolomites:
~ (fig. 5) Itis sometlrnes subd1v1ded into an upper Meramec part and a lower Osage part. 'I'he
2 Chappel is overlain by oolitic units generally referred to the Ste. Genevieve and St. Louis
Form‘ations.’f,‘There is, however, a great‘ deal of disagreement over correlation of the St. Louis
~Formation ‘1n particular. For purposes of this study, the Chappel/St. Louis houndary has been
- .olaced at the base of the lowest shale bed-above the highly resistive Chappel (ﬁgi 5). Some
‘workers extend the St Louis below this point to include all beds of ooids found in the sequence.

~The -generally“highly radioactive and hig.hly' resistive, brown to,btack shales and dark-
colored limestones of the Barnett Formation forma perSistent ma_rker throughout the' Ft. Worth

‘Basin and most of North Texas. The distribution of the Barnett in the Panhandle area is,



. ifhowever, llmlted alrnost prlmarlly to Hardernan County (flg ll) where it reaCheS a max1mum'.f»
H»“"thlckness of about 150 ft (46 m)- Although generally correlatlve into Oklahoma, the unit

i -fappears to undergo a gradual northward fac1es change 1nto llghter colored shales. The Barnett'b -
: B grades westward into the Palo Duro Basm mto sandstones (flg 12) assxgned to the Pennsylvan—.l‘

- lan.v The Comyn Formatlon, whlch is predommantly composed of carbonate, forms the. top of. "

o the MlSSlSSlpPlan sectlon in the area (flg 5) ‘l'he contact with the overlymg Pennsylvaman is P

s :_V'.‘.‘dlflflcult to place. In the absence of blostratlgraphlc control its placement is largely arbltrary
The Chappel F ormatlon has recelved the greatest amount of study m the Hardeman Basm “
area because of the dlscovery of numerous hydrocarbon reservoirs in- the unit. It s
characterlzed by rapld lateral varlatlons in llthology Three basic deposmonal settmgsjhave

~been recogmzed comprlsmg .at least 51x llthofac1es (Ross, 19825 Ahr and Ross, 1982)

' (l) relatlvely deep water, open marine (lnterbuddup) deposrrs composed of lamlnated cherty‘ e

: ;splcular wackestones (Alllson, 1979 Asqurth 1979), (2) carbonate bu1ldups comprlsmg both core
o (mudstones and wackestones) and flank (skeletal gramstones and packstones) fac1es, (3) ooid ‘.
‘shoals composed of omd/skeletal sands (Ahr and Ross, 1982) As mdlcated prev1ously, the 001d ;
:faC1es is conSLdered part of the St Lou1s Formatlon by some. In any case, 1t seems clear that
the Chappel Formatlon of ‘the Hardeman Basm records ‘the local development of carbonate"‘
: bu1ldups in"a generally deeper water, open platform, marine setting that eventually shallowed :
vlnto ooid sand shoals.' Recent study of Chappel cores m the Hardeman Basm generally supports

‘ mterpretatlons offered by prev1ous workers |

‘ Palo Duro and Dalhart Basins

The M1551551pp1an stratlgraphlc ‘sectlon exhlblts marked changes lnthlckness and llthology,
: at the western edge of the Hardeman Basm (flg 12) Because of thlS, correlatlon between the
vPalo Duro and Hardeman Basins. is confusmg Fork example, althoUgh the Ste. .Genevieve
sequence in the Hardeman Basin can be easily traced westward, it is- equwalent to the \,hester
_Group in the Palo Duro Basin (fig. 12) These problems in correlation are apparently largely due

to  the t1m1ng of mlddle Carbonlferous deformation "in the area.  The Mississippian/



’ Pennsylvaman contact in the Palo Duro Basm is generally defmed at the base of the lowest =

”F::‘i};"granlte wash" dep051ts (ark051c sandstones) apparently derxved from the erosmn along the'

" ';;‘Amarlllo Upllft. Such dep051ts are not found 1n the Hardeman Basm untxl much hlgher in the:

"""}",stratwraphlc sectlon. L

Kmderhook Group.--The Klnderhook 1s largely restrlcted to the Anadarko Basm (f10 13)’2

o l_’ﬁ»where 1t is composed of llght colored mostly fme-gramed angular to subrounded, quartz

byff".sandstone. It is. locally olaucomtlc and commonly interbedded with green to gray shale In-

some cases, 1t also contams mterbeds of llght—colored limestone or dolomlte, partxcularly near .

the perlphery of its extent Although the Kmderhook has been reported in several wells in the‘

Palo Duro and Dalhart Basms, the presence of 51m11ar basal MlSSlSSlpplan sandstones ‘in these,'

S areas 1s extremely hmlted Such sands are present m a few wells in the extreme northeastern

i part of the Palo Duro Basm, 1mmed1ately soutn of the Arnarlllo Uphft (flg 13) Thls may

V’Hfmdlcate that these sandstones orlgmally extended over. much of the uphft area before being
g removed by erosmn.
Although these sandstones are rare throughout the rest of ‘the Palo Duro Basm, there are .

«'vbasal \/11551551pp1an shales present m many wells: that may be temporally equ1valent These

shales are common in all parts of : the basm except in the area of the Texas Arch (flg 14) RE

V'However, smce the equwalence of these shales to Kmderhook sandstones cannot be establlshed
i they are grouped with Osage rocks.. L | | o
‘ Totten (1956) and Alhson (1979) reported Kinderhook-like: dep051ts of sandstone (Mlsener :
Sand) and shale in the Hardeman Basm. These dep051ts, however, appear to be generally thln* »‘
- and only locally developed Basal VllSSlSSlpplan dep051ts in thlS area are probably more properly
‘ *la551gned to the Osage. - “ ‘ | |

Kmderhook rocks apparently represent basal transgresswe sedlments formed at the

- vbegmnmg of M1551551pp1an deposmon in the Panhandle area. Although the exact age of those

: dep051ts cannot be determmed relatlonshlps W1th the underlymg Woodford Formatlon

v~(Gutsch1’ck vand Moreman,- 1967; Amsden and others, ,1967) ;indicate' that they are early
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o "‘v::v"‘-.\/llSSlSSllean or younger.: The dlstrlbutlon of ‘the coarse clastlcs (flg 13) suggests a p0531ble

~‘:';T“»‘;fsource ln the present area’ of the Amarlllo Uphft (Gray and carson Countles, Texas) The

.’?/;-"j.absence of basal MlSSlSSlpplan shales along the Texas Arch (flg l#) mdlcates ‘that thls feature
‘v*i_v may have had some posmve expressmn well mto MlSSlSSlpplan tlme. R
sage roup.--Osage rocks are the most w1despread of all the MlSSlSSlpplan unlts in the

area (fl 15) These deposits reach thlcknesses of nearly 400 ft (122 m) in the Palo Duro Basm

Although the Osage is _not easﬂy recogmzed in the rIardeman/Hollls Basm area, thlcknesses of '

i v.;.,about 400 ft (122 m) have been recorded from ‘the western part of the area. 1n eastern Chlldress -

rl'County (flg 15) The Osage in the Dalhart Basm is generally thlnner, havmg a max1mum»
‘,"‘thlckness of only about 175 ft (53 m). Thlcknesses of more than lOOO ft- (305 m) are
encountered 1n “the Anadarko Basm 1mmed1ately north of the Amarlllo Upllft (Wheeler and
_-‘_Hemphlll Countles) v | | | | |
v In the Palo Duro, Dalhart and Anadarko Basms, Osage rocks are. gray to brown, commonly

aralllaceous, cherty llmestones and dolomltes Locally they contam 51gn1f1cant amounts of gray

o green shale » Glauconite and pyrlte -are minor accessorles. Sample log data-.rmdlcate a’

‘.".“.f'mosalc of llthofac1es across the Texas Panhandle (flg 16) In general, pure (shale-free)_'

i llmestones are present only in the extreme eastern and northeastern parts of the Palo Duro

‘-‘.Basm and 1nto the Hardeman Basin to the east “The percent. of shale and dolomlte generally

L : ,.mcreases to the west-in the Palo Duro: Basm (flf-’ 16) The boundary between relatlvely pure

S llmestones m the east and shalier dolomltes and llmestones in the west roughly corresponds to

| » the erosmnal edge of the underlymg Ellenburcer Group (fig. 7) In the western and northwestern“

P jparts of the basm, the Osave is composed almost entirely of dolomlte ( 1g. l6).- Most of the’

- ‘Dalhart and western Anadarko Basms are sxmllarly prlmarlly dolomlte

CIn the Hardeman and . HOlllS Basms, ‘the ‘Osage is dlfflcult to recognlze CItois usually‘
-correlated w1th the lower part of the Chappel Formatlon (Alhson, 1979 Asqutth 1979) The
"-Chappel is essentlally equlvalent to the Osage and the Meramec of the rest of the Panhandle

area (Ruppel 1984)
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Osage core is avallabte from only the northeastern (Donley County) and extreme eastern.
(Ch1ldress County) parts of the Palo Duro Basin (f1g 2).  In the Childress lO core (fig. 17) the
Osage ,(f;gt 18) is composed primarily of alternating layers of brown, laminated wackestone? and
‘ "s,keletalb;.:lime-‘sil-t g‘rai‘n‘stone that are localily 'silicifieds The grainstones contain well;sorted
. ]skeletal debris, 'p‘redo’minantly echinoderms and -:bry‘ozoan.fragmentst In. some cases, th_ese:
';gramstones dtsplay gradm ‘The wackestones contain abundant 'laminations of skeletal»debr‘is :
‘51m11ar to that compnsmg the: gralnstones. , Relatlvely thick layers of coarser, sxeletal
crramstone are locally present in the sectlon (flg 18) These deposrts are commonly contorted
and contam, numerous truncation surfaces.  In some cases, they are heavrly‘burrowed. These
jgrainstones areycommonly dolomitized Also ‘p'resent although not common, in the Childress 10
core ‘are layers of sed1mentary brecc1a. ~The nature of the clasts makmg up these brecc1as
‘indicates that these dep051ts were formed by movement. followmg partial hthlflcatlon of the
sedlment Thin- layers of dark gray, SplCUllth wackestone represent a relatlvely minor part of
the O'sage in the Chrldress 10 well. SLllcrflcatlon, however, seem to be assoc1ated w1th these -
layers suggestmg that sponge sp1cules were the or1g1nal source of the srhca.
Osage dep051ts present in the Childress 10 core seem' to indicate that relatlvely deep- }
~water condmons extended from:the Hardeman Basin at least as far west as Chlldress \,ounty
The SplCUllth wackestones are quite similar to those mterpreted as deep water, mterbuﬂdup‘ ,
deposits by Allison- (1979) and Asqulth (1979). These wackestones probably represent in situ |
deposits formed in a quiet water, perhaps below wave base, open platform setting. The hulk of
: the Osage in the Chﬂdress County area,: however, is composed not of 1n~place deposits, but of
transported skeletal debrls (Ruppel, 1984). Although finer-grained and thus representmg
~‘somewhat more dlstal‘ deposits, these rocks-are similar to the limestone breccias assooiated
- with Carbonaté buildups in the Hardeman Basin (Ross, 1981). This indicates that buildup growth
may have, extended at least as far west toward the Palo Duro Basin as Childress County.
Core from Don‘ley County (fig. 2), immediately south of the Amarillo Uptift, contains a

markedly different sequence of Osage lithologies. In the Donley 3 well, only the uppermost part
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r;.:\_rof the Osage has been cored (flg 19) Tnese dep051ts comprlse (l) alternatlng layers of red and

5 ,areen splculltlc dolosxltstone and red to green to gray 'nedlum- to coarse-gralned skeletal{

‘: .'_:fjgramstone composed prlmarlly of echmoderms and bryozoans. The dolosﬂtstones are locally

'v‘.fli‘__"burrowed or contam lamlnatlons of. skeletal debrls. Possible mudcrack structures are present at

g ‘.‘some horlzons. Slllceous sponge splcules are’ common m the doloslltstones
’I'he Osage rocks present in the Donley 3 well appear to charactertze an alternatlon.

7‘5,{ oetween normal subtldal deposmon (gramstones) and supratldal or 1ntert1dal condmons (dolo-_

,‘51ltstones) These depoSLts thus suggest at least local shallowmg and emergence.. Although | :

‘ ev1dence is equlvocal there are several 1nd1catlons of reglonal upllft at the end of Osage;

R dep051t10n (Mapel and others, 1979) A raptd change from deep water to shoahng condltlons is

| ';also lndlcated.at— .the--'Osage/Meramec contact in therChlldress lO core. :

'« Due to the lack of core: m the mterlor of the Palo Duro Basm, the exact deposmonal'
"\condltlons under Wthh Osage rocks formed 1n thls area are dlfflCUlt to deter'mne Reglonal':v
relatlonshlps 1nd1cate a general east to west shallowmg of envtronments durmo deposmon of’
'\ Osage rocks. ThlS lmphes that the sedlments in the Palo Duro Basin were probably formed in
”f“‘relatlvely shallow, 1nner platform condltlons Smce the 1nter10r of the Palo Duro Basm contalns

‘predomlnantly dolomitic rocks, it is temptmg to conclude that these deposits represent the

S .shallowest areas of deposmon. Such an lnterpretatlon cannot be proven w1thout exammatlon of

. core m the area.

~ Meramec Group.-—’l'hese rocks are relatlvely consistent in thlckness, ranglng from about

L ) 300 ft (9l m) to 350 ft (107 m) except Where partlally removed by erosion (flg 20) Although

’_the Meramec and Osage cannot: be readlly dlstlngulshed in: the Hardeman and Holhs Basms, an‘

e lsopach of the entlre mterval does not reveal any consistent thlckemng trend in thls area.

The top of the Meramec is cenerally ea51ly recognlzed in the Panhandle area oy a marked -

L mcrease 1n re51st1v1ty and a gradual Shlf‘t m SP (flg 5) This horlzon is clearly correlatlve with
“the top of the Chappel Formatlon (m the sense used herein) in the Hardeman Basin (flgs.

: and 12).



The Meramec venerally comprlses whlte to buff-colored flne- to medlum gralned llme-'

"‘v-','.-fj;stone. Chert and omds are locally abundant. Flne-gramed quartz sandstone is common near the

'V"‘ff?*top of the un1t il most wells. In many parts of the area, but partlcularly in’ the Dalhart and

ok ‘;western Anadarko Basms, the Meramec is’ d1v1ded 1nto three formatlons the Ste Genev1eve at

"‘C"T“‘-.ithe top, the St. Lou1s, ‘and the lower Spergen-Warsaw (Cunnlngham 1969) The Ste. Genev1eve'

o ’ls characterlzed by the presence of quartz sand, 1t is usually no: more than 50 ft (15 m) thlck

”'ff_i‘x'Although 001ds may be present throughout ‘the Meramec, in the St.  Louis Formation they are

o ‘,'---'.}Vpartlcularly abundant. In the: underlylng Spergen-Warsaw ooids are much less common. Dark-

tcolored aphanltlc llmestone is locally common 1n the Spergen-Warsaw; fossils are less common

. than in’ overlymg parts of . the Meramec Dolomlte is locally present in the lower St.. Lou_l‘s, but

S vbecomes very common in the Spergen—Warsaw (Cunnlngham, 1969).

In core: from the Chlldress 10 well (flg 21), the Meramec comprlses skeletal gralnstones
’ nd ‘minor wackestones and mudstones , Echmoderms and bryozoans (both ramose and
-‘v.fenestrate) dommate the fauna. The gramstones are lammated w1th carbonate mud near the }‘ '
' ,_ base of the Meramec, but’ are purer and more masswe upward i o
Meramec rocks in the Chlldress 10 area represent the development of ‘a carbonate,b
y skeletal-sand shoal (Ruppel 1984). Although no core is avallable for conflrmatlon, sample logs_
'suggest that these shoal facies extended westward throughout the Palo Duro Basm.
Core and sample data indicate that Meramec rocks reflect a general shallowmg trend in
_the area The presence of llmestone and sandstone conglomerates, sandstones, and shales at. the
o Meramec/Chester contact suggests that this shallowmg culmlnated in erosion throughout much
~of the Panhandle area. The presence of abundant quartz sand in the upper part of the Meramec‘ -
(Ste Genevteve Formatlon) presages the further uplift and erosmn that followed

Chester Group --Rocks a551gned to the Chester are SLgnlflcantly more: restrlcted m thelr

areal extent than are underlymg Meramec or Osage dep051ts (flg 22) due to Late MlSSlSSlpplan/b

LN Early Pennsylvaman er051on They are conflned to ‘the central and eastern parts of the Palo -

Duro Basin and are .present only‘along the . margms of the Dalhart Basin.. The maximum
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o '\__;'thickness in the Palo Duro Basm is about 300 ft (91 m) By comparison, as’ much as 1 750 ft - ,‘

1 :_(533 rn) of Chester has been reported in the Texas part of the Anadarko Basm (Cunningham,: P
B ';1969) : ; | c _ CECIETI :
s In the Palo Duro Basm, the Chester Group is primarily composed ot white to buff fine-? '
‘ . “grained fossﬂderous, oolitic limestone. rossﬂs include echinoderms, brachiopods, and bryo—"
‘.‘izoans.- Chert is: relatively rare. Commonly interbedded with these limestones are. gray, green,'
o red, and brown laminated calcareous shales Thin beds of light- ~colored, calcareous sandstone;'
: ';are locally present. : These clastic dep051ts are most abundant in an elongate swath through the.
"eastern part of the Palo Duro Basin (fig 23) Clastic content is also higher in the'west central
: ‘.part of the basm (southwestern Sw1sher County) and along the ’Vlatador Arch (southern Motley 3
‘_County) The lowest shale contents are found in the center of the basin (fig. 23) This area of '
‘ ,:'much purer carbonate is particularly obv1ous on geophy51cal logs (fig 24). . The amount: of shale» :
Jiand sandstone in the Chester is generally 51gnificantly higher north of the Amarillo: Uplift
' .vﬂ(fig 23) Greatest amounts (nearly lOO% shale and sandstone) are found in the northwestern;
. corner of the Texas and Oklahoma Panhandles (Dallam County, Texas; and Texas and Cimarron :

- Counties, Oklahoma)

The contact between the Chester and the underlying Meramec Group is sharp at: most

places in the Palo Duro and Dalhart Basms The basal‘Chester is composed. of limestone and
’qu-artz conglomerates and quartzv sandstones throug‘hout most of the central ‘Palo*Duro Basin‘
'(Donley, BrisCoe, Hall, Floyd'Counties)“;l In the‘eastern (Cottle, Childress, Motley Counties). and '
‘west central (Sw1sher, Hale Counties) parts of the basin, the contact is marked by basal Chester
v, quartz‘sandstones and shales or:is gradational In the northern part of the Panhandle, thev
‘ ,contact is.‘sharp'm ‘the west/northwest and gradational in the east (Anadarko ‘Basm)., ‘In' the
northwest Gorner of the T exas and OklahomaPanhandles (Dallam and Ha}rtley 'C‘0unties, Texas,‘_-
‘and Cim_:arron.County,' Oklahoma) "limestone pebble,conglomerates are ubiquitous at the base of

| the Chester.
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Rocks of the Chester Group represent contmued shallow water marme deposmon of‘

“‘7”001d/skeletal sands. The abundance of clastlcs, however, contrasts thh earller MlSSlSSlpplanf L

g l‘deposns and 1ndlcates that sources of terrlgenous clastlcs developed durlng thls tlme.; ‘l'he

- sharp contact between Chester and Meramec rocks throughout most of the area 1nd1cates that a

o 'l‘pet‘lOd of erosmn may have preceded Chester deposmon The presence of llmestone pebble '

L conglomerates locally in the Palo Duro Basm and commonly in the northwestern Panhandle area'.,

: 'IS ev1dence of at least local er051on of the underlymg Meramec Group rocks. ‘I'he dlstrlbutlon of o

g basal Cnester ltthologles suggests that the upllft whlch accounted for thls erosmn was greatest;
- ,‘ in the northwest and least in the east and west. ‘l'he apparent trend of the upwarped area was i
generally northwest-southeast Interestlngly_, th_ls,trend follows thatvof, the.Texas.Arch (tig. 7)
'vqu1te closely ‘ S | e ‘ ‘ : |
| ‘I'he dlstnbutlon of clastlcs‘ throughout the Chester Group suggests that at least one
L source of these dep051ts was to the northwest thhofac1es mapping in thlS area (Cralg and.'
! .’Connor, 1979) suggests that. thls source may have been in Colorado It 1s dlfflcult to determme‘
how many other sources of terrtgenous clastlcs may have developed durlng the Chester

‘Northwest/southeast trendmg tongues of clastlcs in the eastern Palo Duro Basm could have

.b‘een ‘produced'by erosmn on early, .upllfted blocxs along the AmarllloUpllft in the. Potter/ _' '

'?Carsonl County area.- Basal Pennsylvaman clastlcs also appear to be derived from a such a‘v :
source (Dutton, 1980 flg 14) ngher concentratlons of terrlgenous clastlcs are also noted in :
‘ the Chester in southeastern Motley County/southwestern Cottle County (ﬁg 23) suggestmg‘
4 that the upllft may have occurred along the Matador Arch at this time as. well Th‘e“» 1'
B development of an area ot relatlvely pure Chester carbonates in the center of the basm may" .
'-have.been a functlon of distance from terrlgenous sources. The dlstrlbutlon pattern of Chester" '
‘llthofac1es is like: the Chester llthologles themselves. more sxmllar to Pennsylvaman deposxts
and styles of dep051tlon than ‘to the underlymg Mlssmmpptan This suggests that the forces that -

acted to shape the area into basins and upllits in: the Pennsylvanlan had already become active

in“the Chester.



of M1551551pp1an Rocks

; Ageo_

A mdlcated earller, conodonts have been recovered from some of the

Identrflable fauna were obtamed from four cored wells._‘l Donley 3 Chlldress lOf_'ff‘;.;» L

: f“.vHardeman 42 and Hardeman 44 (flg 2) Chlldress 10 1s perhaps the most 51gn1f1cant among‘ff-"

,hese cored wells, because 1t has long cores in both the Meramec and Osage Groups (f1g 17)_-' i

s s 5'}'{Meramec1an faunas. Even though conodonts were recovered from w1th1n about 80 ft (24 m) of,”*“}r

| Conodonts recovered from these cores reveal that both the Meramec and Osage 1ntervals are;,, o

.'Q_Meramec 1n age In fact, all conodonts recovered from the Chlldress lO core represent mlddle—_ P

‘ "',"the base of the M1551551pp1an, no ev1dence of Osage or even early Meramec age faunas was'

_"recovered Thls 1nd1cates that llttle or no Mlssmsrpplan deposmon occurred in thls area untll o
S iMeramec t1me Although core- avallable for btostratlgraphlc analy51s in Hardeman County rs'};;,.

“N_largely from the upper Chappel Formatlon (Meramec Group equrvalent) only, faunas from these: s

‘j'f-“cores are 51mllar to those recovered at Chlldress lO

Conodont faunas collected from the Donley 3 core (ﬁg 19) are 51gmf1cantly older than__-,‘:’

o 'those ooserved in Chlldress and Hardeman Countles. These faunas suggest an early Meramec or{' N

L f_'l‘,,even late Osage age for the uPPermost Part of the MlSSlSSlpplan sectlon in- thlS area. ‘ Smce the i

ey ,».:V-Donley 3 well apparently contalns about 200 ft (61 m) of M15$1531pp1an rock below the cored_,f‘f" '

Vvlnterval (flg 19) 1t seems llkely that true Osage age rocks are present 1n at least the northern_.‘ -

k .part of the Palo Duro Basm. The age of the basal MlSSlSSlpplan sectlon in the remalnder of the_‘, . I'
[basln, however, is not known because of the absence of core. Ruppel (1983 1984) suggested
::that Osage rocks are conflned to the northern edge of the basin: and that most rocks south of
o :»the Amarlllo—chhlta Uphft are Meramec or younger in- age A more comprehensrve treatment‘r»

i of the conodont data and thelr 1mplxcat10ns is m preparatlon. e



STRUCTURAL INFLUENCE ON DEPOSITION OF THE SAN ANDRES AND
BLAINE FORMATIONS (MIDDLE PERMIAN), POTTER COUNTY

(M A. Fracasso)

Introduction i

The San Andres and Partly eqmvalent Blame Formatlons in the Texas Panhandle are

" f'-co'nposed of C)'CIIC, predommantly carbonate and evaporlte dep051ts w1th a’ mmor terrlgenous _:

S :‘clastlc component. These deposxts have tradltlonally been consrdered to represent shallow shelf-

" :‘vand supratldal (sabkha) sedlmentatlon durmg a perlod of relatlve structural/ tectomc qu1escence. :
vRecently, San Andres dep051ts have been remterpreted to reflect a prxmarlly subaqueous_
: shallow shelf dep051tlonal system (Fracasso and Hovorka, 1984) The very shallow-water, broad
; ’low slope and low rehef deposmo'\al shelf promoted the development of reglonal sallmty*
‘gradlents that controlled the dlstrlbunon and thlcxness of San Andres f.ac1es (Fracasso and
;_\Hovorka, 1984). ..ven minor paleotopographlc features present in. such systems are expected to

| "have produced sharp local salxmty gradlents that resulted in anomalous local patterns of faaes i

dlstrlbutlon and thlckness (Fracasso, l98#a) Grelmel (ln press) has presented ev1dence for lcoal" ‘

‘ ‘_;'structural control over San Andres sedlmentatlon in- the Castro Trough area of the Palo Durot‘

it Basm._ Fracasso and Hovorka (1984) and Fracasso (1983 l984a, l984b) have proposed that_ '

: “_vertlcal change in patterns of San Andres fac1es dlstrlbutlon and thlckness over the Palo Duro

».Basm area reflect systematlc changes in the Ievels of reglonal and. local basm sub51dence cates

i “durmg deposrtlon._

ThIS report descrlbes patterns of lateral thlckness change ina vertlcal succession of non-

| "salt facxes packages of the equlvalent ‘San Andres and Blalne Formatlons 1n Potter County,-'

"‘j;"Texas Panhandle.t Potter County. encompasses portxons of both the Palo Duro Basm and I'IZS' '

' northeastern border—-the Amarlllo-chhrta Upllft (fig. 25). ‘l'he study is presently llmlted to
j‘ non—salt fac1es umts SO that comphcatlons assoc1ated thh the pOSSlblIlty of postdeposxnonal E

salt dlssolutlon over. the structurally high basin margm are mlmmlzed (Fracasso, 1984a)
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:'Closed-contour thlckness anomalles at thls areal scale probably reﬂect syndeposrtlonal sallmty :
.,_‘;f';gradlents controlled by local paleotopographlc features, rather than reglonal basm-wrde..;
;:}salmlty gradlents. g ‘ b “ o 5
: Some correspondence ex1sts between areas of repeated thlckness‘anomahes and underlymgfi

basement structures w1th great rellef ThlS relatlonshlp suggests tnat the expressxon of mmor‘_ -

S :-Q"'syndepomtlonal topographlc features was in ’nany 1nstances controlled by actlve dlfferentlal

e ‘__g;vsub51dence over preex1st1ng faults at depth

~ Methods

: v;kIso‘pachf- ’rnab’sf were*Pr.épared. fo’r‘fa 'verftical‘-',successl.on of vnOn—salt\faVCles : un'-its in the »Sanf |
o Andres/Blame Formatlons in Potter County and v1c1nlty (flgs. 26- 32) An ldeal San Andres

;ggenetlc cycle, from base-to-top, 1s composed of black mudstone, carbonate, anhydrlte, and'

”:',E_hallte facres (Hovorka, l983 Fracasso and Hovorka, 198# Hovorka, 1n press) The non-salt:‘ i

: ‘:Iy;fac1es thlckness comprlses the total t‘nckness of the mudstone, carbonate, and anhydrlte facres.'

. ‘, m each umt. The San Andres Formatlon ln the Palo Duro Basm has been d1v1ded mto three“

mformal genetlc sequences (Fracasso, ln press), ‘each composed of a number of 1nformal'
operatlo.nal. umtS'(flg »33) : Operatlon‘al units are’the thmne‘st-stratlgra-phlc mterval’s‘that-can be'
i i'-correlated and mapped across the entlre basin usmg geophysical logs (Fracasso and Hovorka,
| ,‘_1984) Each operatlonal unit may co*nprlse one or- several genetlc cycles, dependlng -on’ thelr.
: thlcxness and resolutlon on geophysrcal logs. _ | » |
. A prlmary goal of: thlsreportxls'to demonstrate and‘preClsely 'dellneate areas v.inPotterf

County that contam repeated thlckness anomalles in the San Andres/Blame Formatlon. A grld'_

'}v”of labeled squares ‘was superlmposed over each lSOpaCh map; squares were recorded when"

uapprox1mately half or greater of their area covered a closed-contour thlckness anornaly Gl‘ld
‘-squares arbltrarlly scaled to dlmensmns of l S mix l 5 m1 proved to be convement, these were:
sometlmes d1v1ded 1nto quarters (O 75 mix 075 ml) when srnail anomahes required. areater

‘resolutlon. In thls manner, it'is p0551ble to tabulate the total number of times each labeled
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Vsqua e occurs over thlckness anomalles among all the unlts. ThlS operatlon was performedt :

‘g_separately for closed-contour thlck and thln areas. These values were plotted as pomts 1n the'g

‘V: v,;”centers of the squares and then contoured 'I'he resultant map (flg 34) lllustrates the loc1 of

~f;j,;.~recurrent thlckness anomalles 1n the San Andres/Blame For'natlon in. Potter County Thi,e‘_',
--"«'-'i','contoured number of occurrences prov1des a rough index of the level of conhdence that an ,' =
:enclosed area represents a real locus of persrstent non-salt fac1es thlckness anomahes, rather' '

‘:‘.;ftnan bad data. [ have arbltrarlly chosen the value of three occurrences as a thlckness anomal Y

: ‘:‘-famong the seven studled umts as the lower llm1t for contourlng 'I'he resultant mao of San_y

‘Andres/ Blame persrstent thlckness anomaltes (flg 34) can be compared w1th a structure contourv E
f':‘map covermg the same area (flg 35) to evaluate the p0551blllty of correspondence between” e

'known structures and areas of recurrent thlckness anomahes.
_Discussion” -

v F lgures 26- 32.are 1sopach rnaps ofa ‘vertlcal successmn 1of non-salt fac1es umts of the San‘-‘-: G
:: "v‘Andres/Blalne Formatlon in- Potter County, Texas. , Each map shows an: mcreasmg geometrlc ’s

J :'_complexxty to the north as 1nd1cated by 1ncreases in the overall denslty of contour llnes and the
~'.~',:number of closed—contour areas. These northern zones of complex geometry cornc1de W1th the e

»'underlylng Amarulo-chhlta Uphft belt dlfferlng markedly from the broader, more regular_’
*.vtrends of thlckness change evident ‘in southern Potter County that are characterlstlc of the‘-' '
' 1nterlor of the Palo Duro Basm.' ' : G | = ‘

Several loc1 of recurrent thlckness anomalles have been 1dent1f1ed (flg 34) usmg the

"method outllned above.‘ Areas of perSlstent thlnnlng are more. promment than areas of‘

'-uperswtent thlckenlng, relatlve to both area covered and number of facxes umts affected‘
“'.Flgure 35 deplcts these thlckness anomalles superlmposed ona structure-contour map based oni

‘the. top of the underlylng Tubb sandstone (Permlan, Leonardlan) Several’correlatlons of San-'v

: : Andres/Blalne thlckness anomalles with ‘I’ubb structures are apparent. Thin zones A-and C

" TC"(fl 34) are srtuated over prominent structural highs, the X-L Dome and eastern arm of the
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John Ray Dome, respectwely ‘I’hm zone B (flg 3#) 1s centered Just southeast of the John Ray‘

;D‘ome, and partlally overlaps 1ts southeastern margm. ‘I'hlck zoneI 11es over ‘a marked».r'_-'

' ;‘j—j'.depressmn on the John Ray Dome, and th1ck zones III and v are 51tuated over the downthrown e

”.4;’1‘.151des of promment faults. Tthk zone II overhes the John Ray Do'ne (flgs. 34 and 35) Zones ofﬁl e

o »;per51stent thmnmg in the San Andres/BIame tend to overhe structural mghs, whereas per51stent'

fthrcks overhe structural lows, with’ onIy two exceptlons--thm zone B and thtck zone II (fxgs. 34:‘ 8
’:'j;and 35) | | |
These per51stent thtckness anomahes cannot be 51mp1y explamed by postdeposu:lona.l,'

’dxfferentlal compactton over underlymg hlgh a‘td Iow structures. If thrs were the case, then all ’

":'_,:umts overlymg a. gwen structure should be 51mllar1y affected—-yet they are not. L1kew1$e,_‘ |

e syndeposmonal connnuous, passwe dlfferennal sub51dence over mactxve older structures (the :

?f_; 'f"post—tectomc ad]ustments" of Johnson, 1978, p 57) and passwe 1nt111 of statlc deposmonal',

oX -‘;:f'rehef (mherxted from an earher eplsode of structural act1v1ty) are: both unhkely expianatlons of‘f |

fthe per51stent thlckness anomahes.v In exther case, aII the un1ts overlyzng a glven structurer

:‘“:ffshould ethlt 51m11ar th1ckncss anomahes. : Moreover, successwe unlts would be expected to‘--_v
k\'-vi:_'-show gradually decreasmg eftects up—sectxon, as elther the structural stresses d1551pate w1th'g.’
: ';_'tlme, or the rehef fﬂls respectlvely Nelther of these sﬁuatxons are observed m the San
5 iAndres/Blame stratlgraphlc successmn. 'l'he thlcknesses of umts overlymg a glven structure are"
‘i'never aII affected slmtlarly, nor is there ev1dence of a vertical trend toward decreasmo number .
l--’of thlckness anomahes, or reductlon of the1r areal extent. | i |
Based on the xrregular pattern of vert1ca1 recurrence of thlckness anomahes over glven. '

loc1, it appears that: their development was conttolled by 1nterm1ttent mmor changes m local N

‘ rgrates of sub51dence across underlymg structures dur1ng deposmon.. These Iocal d1fferent1al i

:sub51dence rates probably or1g1nated in. response to low. amphtude changes m externally-'
L controlled..r,eglo_nal or local stress fields that ep15od1ca11y reactlvatedrfault-bounded structures

-at depth.
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ageradatlon rates W1ll be greater over structural hlghs that sub51de less rapldly than ad]acent»‘j{

These greater effectlve rates of{f dlment accumulatlon would produce locallzed zones,_"

of shallower water and restrlcted c1rculatlon over the structural hlghs. The sallnlty vradlents' o]

thyereby 1nduced would have 1nh1b1ted non-hallte fac1es sedlmentatlon and promoted hallteiiff:

dep051t10n over the structural’-hlghs,

adjacent 'more rapldly sub51d1ng structural lows. b

'effectlve m areas such as Potter ?County, that werf,f'j far removed from the southerly normal-;f’." :

mar1ne water source. In the most dlstal areas, the reglonal shallow-shelf c1rculat10n system"-.}"

e “'_’-‘probably operated at or near 1ts threshold capac1ty to mamtam near normal marme sahmtles

g T[Ygfor even the short, 1n1t1al transgresswe phase of each cycle. Mmor changes of water depth m‘j’;,’ '

I""""';‘,"-such env1ronments would have had profound effects on local c1rculat10n, brme sahnlty, and""_fff'_'

resultant fac1es thlckness.

and structural hlghs overlam by topographlc rlses. The large volumes of water in topographlc

"'f*?depressmns may be expected to produce tthk non—salt fac1es accumulatlons for three reasons. _b

G ,;The prolonged malntenance of near normal marlne salmltles m large—volume water bodles would v

support populatlons of skeletal orgamsms for longer tlmes, resultlng in- thlcker carbonate-- |

: .,'*'accumulatlons., These extended pel"IOdS of near- normal ‘marine sahnltles may also have allowed i
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ultmg mthmner non-hallte fac1es relatlve to‘-the{.'-[‘,

Thls mechamsm may have been partlcularlyf'f

leferentlal sub51dence of hlgh amplltude over short tlme Spans may have produced a '_

‘:"*Jvarlable local deposmonal topography, w1th structural lows overlaln by topographlc depressmns,i. e



:wif:v"-enhanced dlssolutlon of underlylng hallte, producmg thlcker basal 51llc1clast1c black mudstone 5 |

:lnsoluble re51dues (Fracasso, l984a) More fundamentally, evaporatlon o:f larger volumes of,

{f‘:);}marme brme should produce proportlonately greater thlcknesses of all chemlcally preclpltated"‘ff.

) ‘-:':-,"ifac1es, 1nclud1ng portlons of the carbonate, and the anhydrlte components of the non—hallter_i f

fac1es unlts

In the subaqueous, very shallow—water, shelf deposmonal system prOposed for the San’lf*v"

f’éAndres/Blalne Formatlon (Fracasso and Hovorka, 1984) ‘most of the shelf sedlments were

f'probabl / deposrted above effectlve wave base. ’l'hls renders 1t qu1te llkely that the sedlments

iy were perlodlcally current reworked vaen the ex1stence of some structurally controlled"

,f.‘fideposmonal topographlc rellef the net effect of current agltatlon would have been to wmnowv;

g '."';;sedlments from the hlgher enercry topograpmc rlses, and dep051t them in ad]acent, lower energy'i’ B

r»___'depressmns. ‘ Thls would result 1n thlcker sedlment accumulatlons over structural lows, and
""’«,_’thlnner accumulatlons over structural mghs. e i g

Although the effects of these mechamsms for controllmg the thlckness of non—hallte:':f‘”‘}."

fac1es dep051ts cannot be dlfferentlated at present, I suspect that local deposmonal rellef was'

o r’_'never great enough for dlfference in local water volume (mechanlsm 2) to have been a

: "‘51gmflcant factor. Therefore, the most llkely factors that lnfluenced the thlckness of non-

i »_"hallte fac1es umts are varlable effectlve sedlment aggradatlon rates (mechamsm l) and'

v‘bisedlment transport in ‘areas of local deposmonal relxef (mechanlsm 3), Doth controlled by'.
bv"“"mtermlttent dlfferentlal subSldence across underlymg, fault- bounded structures. Sy

.-T he overa.ll trend of' mcre.asmgly complex ‘non-hallte fac'les' geo"netry to the:northf in a2
‘IgPotter a_,ounty is present ln all unlts except unlt 3 of the lower San Andres, Wthh pmches out ; "
-"v_ialong the southern border of the Amarlllo-chhlta Upllft. There is apparently no well-deflned g

-segregatlon of successwe umts with Slmllat‘ geometrles into packages correspondlng ‘to the;‘

e lower, mlddle and upper San Andres genetlc sequences established  in the basm 1nter10r

'i(‘:racasso, in press, Fracasso and Hovorka, 1984). - This suggests that the Amarlllo-chhlta,

Uphft belt was persmtently structurally actlve throughout San Andres/Blalne Formation
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| deposmon, and does not dlsplay the eplsodlc pattern of structural activity characteristic of the

Palo Duro Basm 1nter10r

CORE ANALYSIS OF THE DOCKUM GROUP, DOE-GRUY
FEDERAL #1 GRABBE, SWISHER COUNTY

(D.A. Johns) -
Introduction

N The DOE—Gruy Federal #1 Grabbe well in northeastern Swisher County penetrated and
oored the entire Triassic 1nterva1 represented by the Dockum Group The mterval is 553 ft
thick 1n this well from Wthh 405 ft of core was recovered (73% recovery) (fig. 36). thhologles
‘ 1dent1f1ed in-core include sandstone, siltstone, mudstone, conglomerate, and claystone. Sand-
~stone-is the dominant lithology (47%). Med1um to.coarse sand- is commonly found in the lower' :
part of the Dockum while fine to very fme sand dominates- the middle and upper sections.-
Siltstone is the second most abunoant lithology (24%) and is evenly distributed. Mudstone (18%)
‘occurs throughout the sect1on, but almost half of ‘the total is in a thick bed in the upper part of
the Dockum core. Pebble and granule conglomerate (6%) are most abundant and th1ckest in the
middle of the formatton. Most of the claystone lithology (4%) is found in a single bed in the
lower Dockum section. | | . | -

In Swisher County, the Dockum Group overlies the Permian Dewey Lake Formation and
underlies the Tertiary Ogallala Formation. Althou‘gh the upper contact was not recovered, the
‘ﬁrs’,t »vOgallala sediments, light brown, calcareous, poorly sorted sandstone with opal-filled
fractures, contrast sharply with the orange-red, ripple—laminated, rnudstones and siltstones at
the top of the_ recovered Doc‘kurn.‘ On geophysical logs this contact is characterized by a sharp
drop in gamma;ray response  and typtcally an increase in res»istivity and sonic travel time. The‘
‘basal ‘contact is not as easily delineated. For the Grabbe well, the contact is based primarily on

geophysical log correlations within the Palo Duro Basin and supported by lithologic changes in
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core’ recovery for the next 18 ft untll red brown, parallel to rlpple-lamlnated mudstones and}-f.,-
\:sxltstones of the Dewey Lake were encountered so the nature of the basal contact is unknown.ng i

'?f’l’he contact shows a sharp drop in gamma—ray response compared to the underlymg sedlments. ‘ -

it thhologic ‘Package’sg -‘ S

S ‘F‘O'r: 4fthe 'Purpo‘ses:of»'.thisf'discussi‘on the D‘Ockum.-: is ‘d'ivi'ded- into "ﬂf’ive-’vr separatef v‘erticalvff :

"':‘.I"s'equences'.‘ These sequences encompass sedlments of elther 51m1lar hthology, hthologlci‘;_" '

e _l""assoc1at10ns or deposmonal style, and the boundarles mark what are con51dered to be 51gn1f1cant-:;f

oy I-:changes m llthology and deposmonal env1ronment. o

Flrst Sequence

Slxty-—flve feet of red-brown, very flne-gramed sandstone and : 51ltstone w1th m1nor'_;_“-__“»: :

: '"‘-claystone characterlzed by fme gram sxze, soft sedlment and pedogemcally dlsrupted fabrlcs
and small scale rlpple lammatlons make up the lower sequence (from 780 to 715 ft) Three
‘51gmf1cant llthofames are recognlzed from bottom to top sandstone, lnter‘bedd_ed.sandston‘ev

0 ',and sxltstone w1th mudstone, and mlcaceous muddy sﬂtstone.

The lower 27 ft of the flrst sequence 1s a very fme sandstone exhlbmng pedogemc,"-:'_. o

structures (G A Kocurek, personal commumcatzon, 198# Ahlbrandt and Fryberger, 1981) in the';

»;form of 1rregular, dlscontmuous 1 to 2 mm tthk bands of clay 1lluv1atlon overprmtmg subtle"

Cep small-scale r1pple lamlnatlons, burrows and small scours.  Oxidized, heavy mlneral placers“‘"'

Jdefme r1pple forms. Well rounded frosted medlum to coarse sand grams, 51m11ar to those

" character1st1c of the Dewey Lake and older Permlan umts, form lag dep051ts at 769 ft and are

--.‘sparsely scattered throughout the 1nterval Beddxng 1s 1nd1st1nct and appears massxve. Small :

‘ angular, thln mud clasts are common
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"-The sandstone grades UPward mto parallel lammated mterbedded sandstone and mudstonef-' e

The top of the fH‘St sequence con51sts of 38 ft of red-brown, mlcaceous, muddy sutstone'z-' ‘
’;rlp-up clasts, thm zones of contorted beddlng, water escape structures, burrows, and de51cca-f L

‘ '-iparallel and flnely rlpple-lammated sutstone. Vllcas are observed on beddmg planes near the:- i
‘”,‘top Thln, very llght gray, sand l‘lCh scours w1th coarse sand lags are more numerous upwards. »
ot Second Sequence

el "1 Two dlstmctly dlfferent sandstones and a mudstone/claystone top make up the 79 ft thlck S

- """.E;second llthOlOglC package (715 to 636 ft) Mlssmg core separates the sandstones (660 to 697 ft):_;" :
Jf"_and also the contact w1th the flrst sequence.- i S | ) b

The lower sandstone 1s pale reddlsh brown, (lOR 5/4) poorly consolldated, poorly sorted o

&thh becomes less muddy upward The lower part is: rlpple- and parallel-lammated contalns"‘fﬂ t

’-:tlon cracks. The upper portlon dlsplays contorted beddlng at the base, gradmg upward 1nto'

,:sﬂty, coarse sandstone gradmg up- to better sorted medlum sandstone. ] Structures are: large-f:_,v;',"

S ;_-‘;scale crossbeddlng and horlzontal lamlnatlon, plant debrls and mud clasts up to 5cm across arej.".

| common on beddmg planes.

The upper sandstone is: poorly sorted coarse- to medlum-gralned w1th maroon and whltev :

o lcolor bandlng parallel to beddlng lt lS crossbedded w1th some scour surfaces marked by, ’
"jcoarser gralned sand Thls rapldly grades lnto a. dark brown-purple, mtensely burrowed ;

o lvmudstone/ claystone w1th scattered small reductlon spots. No f0551ls have been found

‘ ';’.Thlrd Sequence
Four 51gn1f1cant llthofac1es make up the 223 ft (636 to 413 ft) tthk thlrd sequence. . thev' .
‘,basal 51ltstone, conglomerate, sandstone, and sﬂtstone/mudstone The 1nterval contains most of

‘the conglomerates and the thlckest sandstones found in the core.-
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'asal Slltstone

| "v'"‘hm (9 ft thlck) basal sectlon has a: scoured base of cahche pebble (O5cm).ﬁ

: vonglomerate, 2 5 1nches thlck, gradlng mto brown rlpple-lamlnated slltstone w1th ochre-f
colored;bands parallel to beddmg Clay content mcreases upward whereas rlpple 51ze decreases.

*:3;’;: Conglomerates

Dockum conglomerates, up to 4 5 ft thlck con51sts of granules, pebbles or cobbles of.'

fmudstone, slltstone, or carbonate (callche) and rarely, plant debrls. They may be composed of -

;_j".-f‘mlxtures of all the above rock types or excluswely one rock type, dependlng on the substrata on

X _.»whlch the conglo.nerate developed Tnose composed entlrely of carbonate rock fragments‘

commonly show stylohte development parallel to beddlng Larger rock fragments, up to . 5 cm_

i 7,‘.';across, are typlcally flat or elongate, whlle smaller ones are more spherlcal Imbrxcatton of '

‘f:“.jgclasts is: common

v Conglomerates have three modes of occurrence (l) at'the | oase of sandstones, (2) w1thln"

. __J‘fw;vf"sandstones, or (3) as 1solated lenses in mudstones or 51ltstones. Those at the base of sandstones

% _fare typlcally masswe, clast-supported umts, whlle the others are typlcally stratlfled matrlx- .

supported conglomerates. ‘ Graded beddlng 15 common, 'nostly in one or more flnlng-upward,
' :,v::sequences However, inverse gradlng of thm beds was found at 625 509 and 488 ft._ |

| Sandstones L o R D A

| Sandstone is the m‘ajor llthofac1es of the thlrd sequence.» ’l'hese dep051ts are reduced R

: _‘_’vgenerally calclte cemented hlghly mlcaceous (a characterlstlc of Dockum sandstones) and:
i:‘contam small clay rlp-up clasts, plant debrls and clay drapes along beddmg planes Coarse- and"

‘f”-‘z:’fmedlum gralned sandstones are. in the lower half of the mterval, m beds generally less than

i.;lO ft thlck whlle flne-to—very fme-gralned sandstones occur in the upper half in beds up to:

"'27 ft tthk 'I'he base of sandstone beds, when v151ble, is typlcally scoured W1th a- lag of';

"-',’”mudstone, 51ltstone, callche clasts, or coarser sand grams. In the lower parts of sandstones, e

e beddmg-types are masswe, horlzontal stratlflcatlon, tabular and trough crossbeds grade up mto,' |
' rlpple and cllmbmg rlpple lammatlons Load structures are common where sandstones directly

'overllemudstones or siltstones.. . . ‘



Slltstones a d Mudstones

vAll th ‘-sandstones are: overlam by 51ltstones or mudstones from four-rto nlne—feet thlck e

! Contacts are: gradatlonal but abrupt assoc1atlons are known (575 480 and 457 ft) Slltstonesf '-

";are ;gray-green m color or rarely browmsh-whlte, whereas mudstones are dark brown to red,:'.'-;

gjbrown w1th ochre-colored lamlnae. ln some cases, mudstones have a reduced gray green. zone.bv' :
“-‘where ad]acent to sandstone beds. vCllmblng rlpple or low-angle, rlpple lamlnatxon, rare large
rlpples, and some sand or mud lammae are found in sﬂtstone., Many have faulnng, load casts, ‘
5 :J-""::'-and soft sedlment folds.r A 51ltstone at #77 ft cqntalns a 'scour- 8 cm deep 1nto Wthh clasts of
the surroundmg, stxll soft sedlment collapsed and deformed Mudstones exhlblt low angle to. '

,f . parallel lammatlon thh burrows and p0551ble root traces. Desmcatlon cracks, some resultlng 1n o

7‘1‘{orecc1at10n, calc1te nodules,.and "streaks" cross-cuttlng and parallel to beddlng are also iy

‘:"j‘*assoc1ated W1th mudstones.u R

'_’f'j‘Fourth Sequence » | ‘ . » | : |
| Masswe calc1te cemented mudstone 44 ft thlck (41# to 370 ft) makes up the fourth}';i- '
{lnterval The base is gradatlonal w1th the underlylng 51ltstone° the top is: relattvely sharp butjv:
":”"stlll transmonal w1th the overlylng sﬂtstone.s Color llghtens upward from dark red—brown to"“'.
' i‘f*_‘v‘:pale red—brown.v No orlgmal sedlmentary structures have been 1dent1f1ed but the poor condltlon-
'y;_;vof the core hampers recogmtlon of such features. : Small calc1te nodules (approx1mately l cm)i
: 'ware common throughout the sequence. ; : . | | | | |
The base of the mudstone lS massive;. gray green, calcmc, rounded mudstone mtraclasts.
v.“,v;-,-are present as fracture fllls._ Nelther the tops of_ the fractures or zones of mud clasts, the_’
v‘source for those fllllng the fractures, have been found The lower 1nterval grades lnto mudstone*

; :V‘vw1th pervaswe, Whl'tlSh calc1te—r1ch vemlets and abundant, yellow—brown, c1rcular (spherlcal'?)-

»ul.’_,spots. The velnlets are. 51mllarly orlented and become mcreasmgly common ‘in the same“. i

fidlrectlon, but itis 1mp0551ble to: determme if thlS is true throughout thlS 1nterval because the~

| ‘,core is broken. The overlymg mterval l8 ft thlck, is slmllar o the bottom 1nterval but 1s' |
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".{.;llgh: er mfcolor and has scattered large reductlonjspots.‘ ’l'he upper 12 ft of the mudstone ls o

ma551 el calc1te-cemented and contlnues a nodular, breccxated faorlc' and numerous fractures-v'

and: burrows fllled w1th flner-gralned calc1t1c mudstone and mudstone 1ntraclasts"

L T‘y\‘/o”.congl‘omerate-sandstone-51ltstone sequences and a basal slltstone characterlze th’e'

83 ft thlck flfth sequence (370 to 287 ft) The top 60 ft of the Dockum was not recovered The"""‘

x ‘f::"‘gradatlonal base of the sequence is marked by 1ncreasmg 51lt and mlca content
= ‘l'he base of thls sequence conmsts of red-brown, rlpple- and cross-lammated 51ltstone with

e :'fcoarse callche lag in some rlpples and scours.‘r It 1s abruptly overlaln by 3 ft of graded :

': “‘f-‘»’;‘f crossbedded, 1mbr1cated callche and mudstone 1ntraclast conglomerate havxng a fme sandb

matrlx.‘» Thls grades mto gray green, rlpple and cllmblng rlpple—lamlnated fme sandstone w1th. :

"":.l",?mud-rlch lnterbeds and abundant, soft sedlment folds and faults. The overlymg red—brown,‘:

'ﬁ_fimatlon structures 1s gradatlonal w1th the sandstone., Unusual purpllsh-red reductton zones,‘_

V'Iff‘,,"havmg llchter colored (more reduced") centers are common parallel to and:: cross—cuttmg’
¥ “-‘f"l'-vbeddlng Calc1te cement‘appears concentrated in the reduced zones.. At 333 ft ‘a fracture’

Fcontalmng and surrounded by calc1te nodules crosses but does not otherw1se affect one of the e

reductlon zones., E f‘ | | | | s ‘

i In erosmnal contact w1th the 51ltstone is- three feet of clast- and-matrlx—supportedt
'vf"f‘fcallche, srltstone, and mudstone mtraclast conglomerate that rapldly grades 1nto dark gray—> i
';‘!‘}fr-.green, horlzontal -and. cross—lammated very mlcaceous, flne sandstone w1th small cl}ay clasts e
| “J:-along beddlng planes.. Thls becomes cllmbmg rlpple-lamlnated toward the top The top o:f ther
'-j“,',trecovered Dockum is. brecc1ated rlpple-lammated sﬂtstone gradlng 1nto mudstone w1th sand-:

. stone lenses.‘ i

SR
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Depositional Interpretations

‘First Sequence

The lower“part of the first sequence is finterpreted to represent eolian ﬂet d‘epos’ition/ ’
' .grading upward into é mudﬂat or possibly mafginal lacustrine setting. Pettijohn and: others
(1973) and Folk (1974) characterized eolian sediments as (1) wellrlsorted, (2) lacking miceceous
‘mvinerals, 3) heving' a dull opaque or matte surface on quartz grains, and 4) bimodali No -
'dlstmctly eolian rlpple forms (Kocurek and Dott, 1981) were identified, but- the homogeneous,
fine grain s1ze, presence of bimodal lags contammg well-rounded, frosted grains, and the
influence of pedogenic processes suggest that eohan flat processes were important in the basal
section.

Noncharactenshc ripples, small scours, and small, thin, angular, mudstone mtraclasts in
the first sequence indicate aqueous deposmon, probably by sheet sand flow which in desert
envxronments produces rlpple lammated sand covered by a veneer of,mud later reworked into
mudclasts (Sneh, 1983; Smoot, 1983). ‘Similar features have been found by Hubert: and.Hyde
(1982) in semiarid sheet—flow deposits in the Upper Triassic red‘beds of Nova Scotia. A
marginal laoustrine environment is suggested by interbedded sandstone and mudstone containing
fluid escape and soft sediment deforfnation structures similar to those‘present in-the Eocene
Wilkins Peak Member‘,of the Green River ‘Formation ‘(Smoot, 1983).  The ‘muddy siltstone
exhibiting ripple and parallel lamination, burrows, and desiccation cracks in the upper part of
the first sequence probably represents shallow lacustrine deposition (Smoot, 1983).  The
-siltstone at the top of the sequence is interpreted as a delta-front deposit because it-ov'erlies '
more rnuddy'siltstone and has contorted bedding, ripple lamination, and contains micas on
bedding planes suggesting fluvial input. The numerous sand-rich lenses with scoured bases in

this sequence are probably frontal splays.
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"'The two sandstones of the second sequence are of fluvral orlgln, they are characterlzed by ‘

: 1n1ng-upward gram v'Slzes, horlzontal and 1ncllned cross—stratlflcatlon, and mud clasts and plantr o

;:»‘ldebr1s on beddlng planes. Slmllar features are found ‘in modern fluv1al channel envxronments: L
jr__"‘:(Harms and Fahnestock 1965 Bernard and others, l970 McGowen and Garner, 1975) The 2 :
‘ pper sandstone fmes upward mto mudstone and claystone 1nterpreted as: lacustrme based on
thelr dark brown color, the presence of numerous burrows and thelr general 51mllar1ty to unlts*

i ﬂ_':";descrlbed in the Dockum by McGowen and others (1979) and Seni (personal commumcatlon)

o ! Thlrd Sequence
7 Sedlments of the thlrd sequence were deposlted 1n deltalc, ﬂuv1al and rnterdeltalc or .
. -’overbank env1ronments.. The lower conglomerate and rlpple-lammated 51ltstone (636 to. 628 ft)
are delta-front sedlments dep051ted by a progradlng r1ver or. stream system._ Thls is 1nd1cated‘
by the gram 51ze, that is: coarser than the underlylng lacustrlne rocks, and by 51mllar
relatlonshlps noted by McGowen and others (1979) ' Clast—supported conglomerates are:{-"- :
: "f;‘ 1nterpreted as channel lag/flll or basal crevasse splay dep031ts based on the1r scoured bases and
uf\'i,j“:gradatlonal relatlonshlps w1th overlymg sandstones. The stratlfled matrlx-supported con-‘,’
, glomerates are mterpreted as: channel bar or small channel fl.ll dep051ts prlmarlly based on thelrb
",“'q_foccurrence w1thm sandstone beds. These are 31m11ar to those descrlbed by McGowen and Garner, :

; ‘v."“’i(l975) in coarse-gralned pomt bars.~ ln the lower part of the sequence, sandstones arev

e lnterpreted to be' delta front or dlstrlbutary channel sedlments because of thelr generally thmi e

‘ i;:’,'beds, soft sedlment deformatlon structures and prlmary fluvxal sedlmentary structures. , Theb
' “‘,ﬁv-thlck flmng uoward cross-stratlfled to cllmblng rlpple-lamlnated sandstones in the upper part»
’: ‘of the sequence are: belleved to be fluvral channel-flll and channel bar deposrts 51mllar to those
i :~descr1bed 1n the second sequence Descrlptlons of upper channel bar and crevasse dep051ts by
:Coleman and Gagllano (1965), Bernard and others (1970) Visher (l972) and McGowen ‘and: Garner»

»-(1975) strongly resemble those of the thlrd sequence. These are recogmzed by thelr relatlonshlpf
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ﬂwlt ,underlymg sandstones, fme graln srzes, cllmblng rlpple lammatlon, sand and mud lammae," A

ntraformatlonal scours and soft sedxment deformat1on structures. Because of thelr posmon in

sectxon, some 51ltsones m the lower part of the sequence may be delta-front deposrts.f' :

Overbank and lnterdeltalc pond env1ronments are 1nterpreted for th1n, fmely rlpple-lamlnated_

'to, parallel lammated burrowed mudstones w1th callche nodules based on 51m1lar dep051ts of the' -

3 ‘ff:Brazos Rlver (Bernard and others, 1970) |

Fourth Sequence |

The mudstones of’the fourth sequence strongly resemble the dolomltlc mudstones
":*i“descrlbed by Smoot (1983) in’ the Eocene Green Rlver Formatlon.f Smoot mterpreted the
”mudstones to have been dep051ted by sheet floods on a. subareally exposed mudflat which " _
underwent varymg degrees of reworklng by floodwaters. Identlcal condmons -are bellevedv*;

'responSLble for the Tr1a551c mudstones of the fourth sequence. Subareal exposure is suggested "

‘%-‘-j‘?‘:by C&llChlflC&thn of the mudstone, mud cracks, and the desrccatlon brecc1a at the top of the

| '-.'v;;;;;,flnterval Wthh destroyed orlgmal sedlmentary structures. Local reworkmg by floodwaters or

. flake waters 1s 1nd1cated by rounded and angular calc1t1c mudstone mtraclasts dep051ted 1n :

»,»__de51ccatlon fractures. The transmonal base of thlS sequence suggests a gradual mcrease m'

gy lake size: and the resultmg thlckness (over 40 ft) suggests a prolonged lacustrme settmg

S ':"TFlfth Sequence :

Slltstone at the base of the flfth sequence 1s mterpreted to be a delta front dep051t due to
. 1ts posmon overlymg lacustrme mudstone and 1ts rlpple- and cross-lamlnatlon. The two fmlng- o

"l.’upward sequences of conglomerate-sandstone—51ltstone exhlblt structures characterlstlc of-'

S j‘__yfluv1al env1ronments 51mllar to those prevrously dlscussed horlzontal and cross, stratlflcatlon to

L rlpple lammatlon upward The overlymg sﬂtstones and mudstones are belleved 1o be

5 "mterdeltalc dep051ts because of thelr relatxon to the underlylng fluv1al deposzts but the lack of

j‘core recovery above these rocks makes lnterpretatlon difficult.
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e Concluslons_;f SOt

I;v"*The' ;c;ore from the DOE Gruy Federal #l Grabbe exhlblts cla551c Tr1a551c Dockum Group, -

-Asedlments.'f These dep051ts record a gradual Shlf't in cllmate and deposmonal style from ar1d or'" :

| :'semlarld eohan dep051ts of the Upper Permlan and Lower Tr1a31c to more humld lacustrme and

.f'fluvral/deltalc dep051ts of the Upper Tra1551c Three major lacustrme—deltalc-fluv1al lacustrlne

G -;_;_-cycles are noted (l) top part of sequence 1l to top part of sequence 2 (2) top of sequence 2 to

Vot . top of sequence 3 and (3) bottom of sequence 4 to top of sequence 5 Fme—gralned lacustrlnef

‘ *:‘}_sedlments exhlblt features 1nd1cat1ng (l) undtsturbed, subaqueous deposmon--flne parallel'

IS lammatlon, (2) dlsturbed subaqueous dep051tlon-—bloturbatton, (3) perlods of prolonged subareal. :

:y."»exposure——cahchlflcatlon and brecc1at10n., Most lacustrme mtervals show ev1dence of: prograd-

»rmg deltalc clasttcs by mcreasmg gram 51zes and amplltude of sedlmentary structures upward
’ "‘";'fFluv1al sedlments typlcal of the Dockum Group sedlments exhlblt cla351c flnlng-upward gram :

o -.,51zes and decreasmg amplltude of sedlmentary structures..

B EVIDENCE FOR SYNDEPOSITIONAL AND POSTDEPOSITIONAL STRUCTURAL CONTROLS |
ON THE SEDIMENTS OF THE DOCKUM GROUP PALO DURO BASIN

(D A Johns)

Structural elements -in the Palo Duro Basm mfluence the: accumulatlon, dlstrlbutlon, and

'.V»-trends of Dockum clastlc sedlments ~The- total lsopach map (f1g 37) reflects basin conflgura-_

- tlon by thlckemng to the southwest the deepest portlon of the basin accordmg to the: base of

‘.,"‘_IDockum structure map- (flg 38) The Isopach map also shows sediment - thicks and thlns Wthh

: -’correspond to structural lows and highs, partlcularly in Lamb County These are not believed to : p

' be artlfacts of preservatlon because the. same correlatton is seenon an 1sopach of the lower L
Dockum (:flg 39) Wthh is not affected by later er051on 1n Lamb County and because 51mllar'
"'structure is found on the oasement (R T Budmk personal commumcatlon) In addltlon, percentv ,

sandstone shows the structural hlghs to be generally sand poor (flgs. 40 and 41) suggestlng they
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.’-weres topographlcally hlgh and so collected less sand than surroundlng areas.. Slmllar sandstone»

ithe Palo Duro Basm. However, the upper Dockum appears to have a western component L

:(flg_lll "[whlch has no obv1ous eastern source.~ Thls is suggestmg a gradual westward shlft of:
ource areas for Dockum sedlments

Ev1dence mdlcatmg postdeposltlonal structural modlflcatlon of Dockum strata can be

'-found on the subsurface maps. 'l'he structure and total lsopach maps (flgs. 37 and 38) show

anomalously thlck sedlment preserved in structurally low areas along the Amarlllo Upllft whlle_ g

,‘sandstone trends (flg l+O) suggest some of these areas were lows durlng deposmon, thelr unusual

‘ -'[;-_».thlckness and correspondmg lows and sedlment thlcks in the overlymg Ogallala Formatlon (Sem,

i ";‘,1980) 1nd1cate downwarpmg contmued followmg deposmon. In addltlon, most sandstone trends

G m the basm appear to be dlp-orlented systems (flgs. _40 and l+l) but trends 1n Deaf Smlth

‘Randall and Armstrong Countles appear strlke orlented when compared to. the structure ‘on the_.ll

s ::»';:"base of the Dockum (flg 38) Dep051ts from the northern edge of T.'hlS system were cored in the o

-":‘DOE Stone and Webster #l J. Frlemel well and tentatlvely mterpreted to be prlmarlly of fluv1al_

ji'_i‘uot‘lgln (Stratlgraphy CSR l983) Wthh would occur in- dlp-orlented deposmonal systems... It 1s>

::belleved that upllft followmg deposmon of Mesozmc strata (Budmk, personal commumcatlon, S

| }"j‘“"McGookey, personal commumcatlon) has suff1c1ently modlfled orlgmal basm geometry to glve

| 't:'ithese sandstone trends thelr apparent strlke orlentatlon i

Further ev1dence for upllft 1s deduced from the structure contour map on t0p of the

| _:‘.‘Dockum Group (f1g l&2) It is 1mportant to remember that the top of the Dockum has been-

i ~truncated by erosxon ’I'he structure contours trend north/northeast The trend is the same for

i parts of the Dockum overlam by Cretaceous unlts as it-is for that overlam by the Mlo-Pllocene.

e , Ooallala Formatlon Thls trend also parallels that of the present land surface This 1mpllesi
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' Flgure 2 Locahty map showmg lmes of sectlon and core wells.

| F.IG-URE.cApmNs_; :
F 1gure 1 Stratlgraphlc column of the Texas Panhandle area.’

";Z"‘I‘.v_'j’:‘Fxgure 3 Structure on” top of the Ellenburger Group (Lower Ordov1c1an) 1n the Texasf

ol 'f,,_Panhandle area. Faults are mterpretlve based for the most part on well: control only.., B

,‘v‘}:‘rFlgure 4 Structure on top of the M1551551pp1an System in the Texas Panhandle area.d Faults-:
! v"_'are 1nterpret1ve based for the most part on well control only s ol
| ‘c; .Flgure 5. Typlcal pre-Pennsylvaman sectlons in the Dalhart Palo Duro, and Hardeman Basm.
r»-,v:}thhologtes based on. analysls of Cuﬁlngs. i , - |
- ‘ri.c.‘F1gure 6 Thlckness of Cambrtan (?) basal clastlc depos1ts in the Texas Panhandle area.' :
i f.Flgure 7 Thrckness of the Ellenburgef Gr oup (Lower Ordovrctan) in the Texas Panhandle area. :
: Frgure 8 M1551551pp1an subcrop, Texas Panhandle area. . Note. that post-Ellenburger, pre_» : .» :

; >M1s51551pplan strata are confmed to the Anadarko and Mldland Basms.

o "4F1gure 9 Thtckness of MlSSlSSlpplan System in the Texas Panhandle area.

Flgure 10 Common schemes of stratlgraphlc nomenclature apphed to MlSSISSlpplan rocks in the 3

. Texas Panhandle area. Meramec formatlons used in the Dalhart and Anadarko Basms are, 1n

"some cases, extended into the ‘Palo Duro Basm w1th varymg degrees of accuracy The Ste. '

: Geneweve 1s probably most con51stent ‘in 1ts apphcatlon. Usage in the Hardeman Basm varles,"f.‘

‘considerably. Some workers place the St. Louis at the top of the Meramec; others consider the
. top of the Chappel as the top of the Meramec. | | |
‘Figure 11. Thickness and distribution of the Barnett Formation in the Texas Pa.nhandle area.
| The umt thtckens eastward into the’ northern Ft. Worth Basm area (‘\Aontague County, Texas) to"f— :
‘creater than 1,000 £t (305 m) (Henry, 1982). | |
B ‘Flgure 12. East-west cross section of pre-Pennsylvaman strata through the Palo Duro ‘and

"'Hardeman Basms, Locatlon of hne of section is 1nd1cated in flgure 1. Note partlcularly the

» fac1es changes that occur in Chﬂdress County, especially in the upper part of the ‘\/hssws1pp1an .



e sequence., Thls 1nd1cates that the present structural boundary between the two basms generallyn o |

parallels paleoenv1ronmental boundarles. » Note also that the top of the n/llSSlpSSlpplan (top':gk

Chester) in: the Palo Duro Basm correlates w1th top of the Ste. Genev1eve ln ‘the Hardeman‘ 2L

: ,fl'fBa51n. Thls dlscrepancy Is in part due to dlffermg termmologles developed by workers 1n the

v‘j.“f"'.'two basms, but also reflects the fac1es (conformable) nature at the "MlSSlSSlpplan-

R Pennsylvaman" boundary in the area. thholoales are based on: analy31s of well cuttlngs except

"f:*?for Hardeman 42 t'or Wthh core 'was also studled

o 'these dep051ts. S

_FlgurelB. Thlckness of basal Mississippian sandstones (Kinderhook deposits) in the Texas
: Panhandle. | | | |

= “: Flgure ll.t Dlstrlbutlon of basal MlSSlSSlpplan shales (Klnderhook‘?) in the Palo Duro Ba51n area.'
"_"‘Note the absence of- these dep031ts along the Texas: Arch (where Ellenburger dep051ts have been";
'removed) 3 _v ‘f/‘ g ‘
g S‘“Flgure 15 Thlckness of the Osage Group ’The Osage ls not easlly recognlzed 1n‘the Hardeman' ‘
v i,\.‘.’jBasm. ." b - | ‘
‘."Flgu»re 716. Lithofacies‘marp- of the Osa—ge-Group "-‘Data from sample logs.
Figure 17. M1551551pp1an section and core mtervals in the Chlldress 10 well (locatlon shown 1n

flgureZ) MlSSlSSlpplan Group desrgnatlons reflect common. termlnology applled to the sectlon i

“in the area. Conodont zones are: based on 1dent1f1catlon of f0551ls from cored lntervals. These S

) data 1nd1cate that both the Meramec and Osage in the Chlldress 10 well are Meramec1an in-age.

Flgure l8 Core analysxs of the Osage Group (lower Chappel) in the Chlldress 10 well

| Flgure 19. Pre—Pennsylvaman section and cored mterval in the Donley 3 well (locatlon shown in

: hgure 2). Conodonts recovered from thls core suggest a late Osage or early Meramec age for

O ~F1gure 20 Thlckness of the Meramec ‘Group ln‘the Texas. Panhandle area.
:Flgure 21. Core analy51s of ‘the Meramec Group in the Childress 10 well (locatlon shown m'
»flgureZ) \ .

Flgure 22. Thickness of Chester Group in the Texas Panhandle area.



'.._F,rgure 23 | Dlstrlbutlon of clastrcs (sandstone and shale) m the Chester Group. -

‘ ,1gure 24.. Cross sectlon through the south—central part of the Palo Duro Basm (B B' flgure 2); L

"f."'_j}'_v'show1ng development of carbonate bulldup at the top of the Chester

7-"'."{:.Q;”jFlgure 25 Locatlon map showmg Potter County (hatched hnes) and ma]or structures, Texas-_‘_, S

Panhandle.‘ After Nlcholson, 1960. 7

bt ::“‘Flgure 26. Isopach map of non-salt fac1es, unlt 2 of the lower genetlc sequence, San Andres‘.f

i ’:,Formatxon, Potter County and v1c1n1ty, Texas.,,. ‘,,f i

g _’:F1gure 27.’ Isopach map of non-salt fac1es, umt 3 of the lower ‘genetlc sequence, San Andres
| Formatlon, Potter County and v1c1mty, Texas. S | | | |
Flgure 28. Isopach map of non-salt fac1es, umt 4 of the lower genetlc sequence, San Andres- R
-5‘_:{Formatlon, Potter County and v1c1n1ty, Texas. Ear i s » 'V
‘Frgure 29. Isopach map of non-salt fac1es, unit: m= l of the mlddle éenetlc sequence,’":Sﬂal’r‘]"f :
: ,:,_»f’Andres/Blame Formatlon, Potter County and ylcmlty, ’I'exas. L | o

i ‘.Flgure 30 Isopach map of. non—salt fac1es, unlt m -2, of the mlddle genetlc sequence,?s'S_a,;n»* R
' Andres/Blame Formatlon, Potter County and v1cm1ty, :l'exas Panhandle. . i ' ' i
s Flgure 31 Isopach map of non—-salt facxes, umt u-1 of the upper’ genetic ’séquehEe, San 7
‘ "Andres/Blame Formatlon, Potter County and v1c1mty, ’I'exas Panhandle.‘.v'y ‘ L
ﬂ»_"fF1gure 32 Isopach map- of non—-salt facxes, un1t u—2 of the upper- g‘eneticlvsequence','Sﬂan\.
B Andres/Blame Formatlon, Potter County and v1c1n1ty, ‘I'exas Panhandle. ey
B Flgure 33 Reference gamma—ray log showmg pleS for bases: of operatlonal stratlgraphlc umts

“"m the San Andres/Blame Forrnatlons, Potter County, Texas. :

3 'Flgure 34 Loc1 of recurrent thrckness anomallcs, San Andres/Blame Formatlon, Potter County,,

‘v ‘.:..vTexas Panhandle. Hor1zontally—hatched areas denote persrstent ‘thins; vertlcally-hatched areas
‘.denote persrstent tthkS. | \ | | ’

i :Flgure 35.. Loci- of recurrent thlckness anomalles in the San Andres/Blame Formatlon, super-;.
*lmposed on.a structure—contour map drawn on the top of the underlylng Tubb sandstone, Potter'

' ‘-County, Texas Panhandle. Horlzontally-hatched ‘areas denote persrstent thms, verucally- ‘



hatched areas denote persistent thicks. Tubb sandstone structure-contour map is unpublished
data generously provided by Roy T. Budnik, Bureau of Economic Geology, The University of
Texas at Austin, 1984. .

Figure 36. Core log description of Triassic Dockum Group, DOE-Stone and Webster #1 Grabbe,
Swisher County.

Figure 37. Isopach map of the Dockum Group.

Figure 38. Structure contour map on base of the Dockum Group.

Figure 39. Isopach map of the lower Dockum.

Figure 40. Percent sandstone map of the lower Dockum.

Figure 41. Percent sandstone map of the upper Dockum.

Figure 42. Structure contour map on top of the Dockum Group.



Dalhart Basin

Palo Duro Basin

HARDEMAW BASIN

SYSTEM SERIES | GROUP | FORMATION | FORMATION | FORMAT 10N GrouP
HOLOCENE :
QUATERNARY Tahoko
PLEISTOCENE 3'-“%‘.‘:’“ beaw
Blanco
TERTIARY NEOGENE j Ogalialo Ogallalo
CRETACEOUS }
TRIASSIC DOCKUM
Dewey Lake Dewey Laoke
OCHOA z
. § AUMES Alibates
- ———— Solaedo/ Tansill
w Yates
a
3 e oo g Seven Rivers
E
= Queen/Grayburg
O
z >
P . BLAINE
= Blaine San Andres ]
s SAN ANGELO | RIVER
‘a_J. Glorieta Glorieta CHOZ A C :
5 Cleor Fork Upper Clear Fork LE “E
CLEAR
-3 FORK Tubbd VALE F-OQK
z
8 Lower Clear Fork
|
Red Cave Amoyo
WICHITA WICHITA-
ALBANY
WOLFCAMP
, 3 P
; VIRGIL cisco cCisco
<
o MISSOURI | CANYON CANYON
> x
o DES STRAWN
¥ MOINES STRAWK N
$ ATOKA
w BEND
B MORROW BEND
' CHESTER COMYN :
& : BARNETT
23 [wee] [ orCa
0o ] _SPrRaen | :
- 3 WARS AW CHAPPEL
v DS AGE
ORDOVICIAN ELLEN- s ety
CAUADIAN | BURGER ELLENBVRLER
CAMBRIAN ?
A__v B e
PRECAMBRIAN

Figure 1.

After Handford and Dutton (1980).

Stratigraphic column of the Palo Duro, Hardeman,

and Dalhart Basins.




A CORE WELLS STubied

Figure 2. Location map showing lines of section and core wells.
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Figure 17. Mississippian section and core intervals in the Childress 10 well (location shown in
figure 2). Mississippian Group designations reflect common terminology applied to the section
in the area. Conodont zones are based on identification of fossils from cored intervals. These

data indicate that both the Meramec and Osage in the Childress 10 well are Meramecian in age.
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Figure 37. Isopach map of the Dockum Group.
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