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ABSTRACT

Deposrtron of basal fluvral sedrments of the Ogallala Formatron was controlled by w2

topography on the mrddle Tertrary erosronal surface Paleovalley-frll sequences consrst of .

gravelly and sandy bralded stream deposrts overlaln by eolian sedlments deposrted as

sand sheets and loess. The change from fluvral to eolran sedrmentatron may have

) resulted from drversron of Ogallala streams to form the Pecos and Canadlan Rlvers

"Paleostream divides on the mrddle Tertrary erosronal surface are overlain’ prrmarlly by

eolian sedlments_.r Source areas for eollan sedrments may mltrally have been Ogallala B

braided ‘streams. and later the. floodplams_ of the newly formed .Pecos and Ca(nardlan

‘Rivers' S 5 | | e
Ground- water calcretes are extensrvely developed in the fluvral portron of Ogallala -

sedrments Pedogenrc calcretes consrstmg of nodular lamrnated breccrated and

recemented or prsolrtrc calcrum carbonate occur prrmarlly in the eolran portlons of the =

Ogallala Formatlon

* The geomorphrc processes of eolran deposrtron deflatron and pedogenesrs have

'operated on the Southern ngh Plams from Ogallala time to the present as evrdenced by .

Vthe distribution- of coarse eollan deposrts whrch make up both the upper part. of the

Ogallala Formation and all of the BIackwater Draw Formatron
The drstmctrve reddrsh sedrments of the Blackwater Draw Formatlon contaln as
many as six well- developed bur|ed soils that resemble each other as well as the surface ‘

soils, in lithology and morphology Although the Blackwater Draw Formatlon was

‘ongmally assrgned an Illmoran age pedologlc srmrlarrtres of sorls beneath ash deposrts
© - dated as 1 4 m y (Guaje ash) and 06 m. y (Lava Creek 'B") in Crosby and Swrsher:,‘
B 'Countles respectrvely to paleosols at a th|ck sectlon in Lubbock County suggest that '

'-pedogemc processes have operated throughout the Quaternary It |s hypothesnzed that,.

at least from near the end of the Plerstocene eolran sedrments aggraded ‘ | |
contempo‘raneously with lacustrrne facies mjamosarc of laterally restrrcted lenses of
eolian‘ an'd r:,|aya “I-sedim‘en_ts‘,‘ - Pulses of depositiOn Were, separated by relatively longl

‘periods of elther landscape stability, during which soil developme“nt‘ occurred, or deflati'on‘.‘"_' o
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which strlpped surface horlzons from newly formed sorls »l\/lodern ‘pyroc':esses appear to" :
be analagous to those that operated much earlrer suggestmg that on the Southern Hrgh

Plams the present is mdeed the key to the past s

INTRODUCTION

In the Texas Panhandle and castern New I\/lexuco the Tertlary Ogallala and the
'Quaternary Blackwater Draw Formatlons underlle the ngh Plains. Small outcrops of the
Ogallala Formatlon are also present wrthm the adjacent Pecos and Canadlan Rrver basms
and the Rolllng Plarns (frg 1) The Ogallala Formatlon contams the. ngh Plams aqurfer
the prlmary source of |rr|gat|on water for food and flber crops |n thIS reglon The»
‘ overlymg Blackwater .Draw Formatlon is th,e,condurt through which all recharge to- the o
'Hrgh Plains aquer must pass. | | E e |
| The Palo Duro structural basm of the Texas Panhandle and eastern New Mexico
contains bedded Permran salts of suffruent thlckness and depth to be consrdered as ‘a
potential srte for the Iong term rsolatron of hlgh Ievel nuclear waste (Johnson, 1976)

Two Iocatrons were recogmzed wrthm the regron one.in centra| Swrsher County and one "
.in north central Deaf Smith County (frg 1) (U S.. Department of Energy 1984a, b).’ e
Both locations are. within the Southern Hrgh Plams and are underlam by the Ogallala and-
* Blackwater Draw Formatlons L ’ ‘ | |
The Ogallala and Blackwater Draw Formatrons are bemg characterlzed as part of a i
. program desrgned to determine the potentlal lf any for contammatron of the Hrgh Plarns‘ o
aqurfer from releases of nuclear waste either at the surface or from the reposrtory at ‘ ‘
depth ~This - report is a prehmmary drscussron of . certam aspects of the geology of ‘these
- two formatlons Deposrtlonal envnronments and processes of deposition are descnbed for
: ‘both formatrons The age and stratrgraphrc relatronshrp of the Blackwater Draw s

| Formatlon to other Quaternary Formations on the Southern Hrgh_PIarns are also . 2

described.
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.“.Geologjic Setting \
_Structural Development , i “ _ | o | : , ‘ :
ln the Late Pale020|c but perhaps as early as Late Cambnan rocks of the chhrta o
, lgneous province and the Red Rrver moblle terrane were faulted and uplifted to form the',
chhrta Mountalns - Amarlllo Upllft trend and ‘the l\/latador Arch (Birsa, . 1977). These 1
‘features are the major posrtlve tectomc elements boundlng the Palo Duro Basm :
Movement along the. Amarlllo Uplrft l\/latador Arch and Crmmaron Uplrft controlled
) sedrmentatlon and faC|es dlstnbutlon durlng the Pennsylvaman and apparently contmued
’mto the Permlan (Dutton and others 1979). "Recent work by Budmk (1983) suggests
that tectomc movements contlnued throughout the Texas Panhandle as late as Tertlary

“and p055|bly as late as Quaternary tlme

P

e “Sedrmentatlon

Dunng the early Paleozorc perlods of erosron alternated with eplsodes of ‘shallow
’marme shelf deposrtlon in the Texas Panhandle Durlngl\/llssrssmplan time, man‘ne}—shelfv
carbonates were deposrted across the area l\/lajor‘ tectonic‘activity'beg‘an: in the 'l.ate
‘MISSISSIppIan and contmued through the Pennsylvanlan to form the boundmg elements of
“the Anadarko Dalhart and Palo Duro Basms Deposrtron of temgenous clastlc »
sediments, mformally called granlte wash was prevalent durmg the Pennsylvaman and
’Early Permian.: Granrte wash was derlved from and was deposrted near,. the prmcrpal-
uplifts ‘(Handford and Dutton, 1980) Sedrmentatron dunng the Late Pennsylvanran was
" dominated by shelf carbonates Deeper parts of the basm were filled by fme gralned
‘clastrc sedlments ‘Salt, anhydrrte dolomite, Ilmestone and red beds compose mlddle and |
4 upper Permlan ‘strata |n the Anadarko Dalhart and Palo Duro Basms (Presley 19793 b o !
'1980a, b) These rock types were probably deposrted in subtldal to supratrdal s S
| envrronments on a very extensrve low-relief marlne shelf . A
L The Trrassrc Dockum Group consrsts of fluvral deltaic, and lacustrme sandstones :
and mudstones that accumulated ina Iarge fluvral Iacustrme basm (lVIcGowen vand othersi
L 1979) | Dockum Group strata are overlam unconformably by the Upper Jurassrc Exeter '

“ Sandstone in the northwestern part of the Texas Panhandle and adJacent parts of New




Mexico. Throughout the southern part of the study area Dockum Group sediments are
overlain unconformably by Lower Cretaceous Kiamichi Formation (Fredericksburg Group).
Dakota Group sandstones and conglomerates, and Kiowa Shale. After a period of
extensive erosion, which produced the middle Tertiary erosional surface, the Miocene-
Pliocene fluvial and eolian Ogallala Formation was deposited in northwestern Texas,
western Okalahoma, and eastern New Mexico. The Ogallala Formation is overlain locally
by Late Pliocene lacustrine sediments of the Blanco and Rita Blanca Formations. and by
the Quaternary eolian Blackwater Draw Formation and the lacustrine Tule, Double Lakes,

and Tahoka Formations.

Physiography

The Texas Panhandle lies within the Great Plains physiographic province (Fenneman,
1931, 1938). The surface of the High Plains. which is underlain primarily by the
Blackwater Draw Formation, is broken by the valley of the Canadian River, also known
as the Canadian Breaks (fig. 1). South of the Canadian Breaks is the Southern High
Plains or Llano Estacado. and the Central High Plains lie north of the Canadian Breaks.
The Southern High Plains are truncated to the east and west at the Caprock
Escarpment, a series of erosional scarps where relief locally exceeds 500 m (1500 ft).
The Caprock Escarpment is supported by the massive Caprock caliche that marks the
top of the Ogallala Formation, and by well-indurated sandstones that are in the upper

part of the Triassic Dockum and Permian Whitehorse Groups.

Regional Climate
The climate of the Texas Panhandle and eastern New Mexico has been variously
described as ranging from subhumid or Modified Marine (Rolling Plains) to semiarid
continental or Continental Steppe (High Plains)(Orton, 1964; U. S. Department of
Commerce, 1978a. b; Larkin and Bomar, 1983).
Precipitation decreases from east to west across the study area from 58 cm (23 in)
to 36 cm (14 in) (Haragan. 1976). Annual evaporation increases from east to west

across the study area from 137 cm (54 in) to 163 cm (64 in)(Kier and others, 1977).
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The meankannual temperature is 15. 40 C (‘59 7OMF) at Lubbock Texas and 141 C

| (57 40 F) at Amanllo Texas (U s, Department of Commerce 1978a, b) : o

: Westerly flow generally dommates the movement of air across the western Unlted
States lncludmg the southern Great PIams Alr masses that orrgmate over the PaC|f|c
are generally dry by the tlme they reach the Great Plains because of the topographlc
'effects of western mountam ranges and h|gh plateaus (Bryson and Hare 1974) An
exceptlon to the pattern of westerly  zonal row occurs over the southern Plams where |
“strong components of southerly row are llkely The mflux of warm, moist a|r from the - |
Gulf of I\/Iexrco is.in large part responsnble for the summer precnprtatlon of the southern
Great Plains. Exceptlons to the generahzed pattern of a|r movement in the. southern
Great Plains result from IocaI topographlc effects and the passage of frontal systems and"
B the remnants of troprcal storms. | ' ‘ |

The ca!crc soils’ that are developmg in. the Texas Panhandle and eastern New

o Mexrco are in part a product of the c||mat|c condmons of the area (Jenny 1941

- l\/lachette 1985) Slmllarly the calcrc soﬂs and calcretes of the Tertlary Ogallala and o
Quaternary Blackwater Draw Formations that are- descrlbed below ‘were probably the

products of chmatrc condltlons srmllar to the modern reglonal chmate
 MIDDLE TERTIA’RYV EROSIONAL SURFACE
Permlan Tnassrc and Cretaceous strata underlre the middle Tertlary erosional |

surface beneath ‘the ngh Plams Flgure 2. a structure contour map of the base of the

ngh Plains- aquer closely approxrmates thlS surface because in ‘most areas the base. of '

: ‘the ngh Plams aquifer is the base of the Ogallala Formatron However small parts of -
the Tnassnc Dockum Group are locally mcluded m the ngh Plalns aqurfer
Paleotopographrc elements are clearly recognlzable in many areas, and the presence !
of a system .of major paleovalleys is mdrcated by alrgned groups “of V- shaped contour
lines that -pomt upslope (fig. 2) These relatronshlps are clear on the part of the >
v,_'er05|onal surface that underlles the Southern ngh Plains: however much of the area ‘
_that underlies the Central Hrgh Plams has been affected by subsidence resultmg from :

salt drssolutron__and.th_e paleotopography IS ‘no Ionger “recognizable (Gustayson and I_‘:lnley.»_' =




, - 985). In the'Soufhern High Plains paleostream segments appear to have flowed to the
southeast over parts of the paleosurface. In northern Hale and southern Castro
Counties. a major paleovalley contained streams that ﬂowed‘west to east. This
paleovalley extends north‘westward‘into southeastern Quay County, New Mexico. In
southeastérn Deaf Smith and soutHwestern Réndall Counties, Texas, a paleostream divide
lies 150 m (500 ft) above the paleostream valley in northern Hale County (fig. 2). | |

Other divides occur in southeastern Hale and central Floyd Counties.

OGALLALA FORMATION
The Ogallala Formation covers much of the Greatb Plains region, extending over
| 1,200 km (800 mi) from South Dakota ‘to Texas. and east to west as much as 500 km
| (300 mi). in the study area the Ogallala Formation covers most of the Texas
Panhandle and parts of eastern New Mexico (fig. 1).

The Ogalléla Waé deboéited.unconfOrmably on Permian, Triiassic, and Cretaéeous
strata. Thickness of fhe Ogallala reflécts the paleotopography on the underlying middlebr}
Tertiary erosional surface and varies frofﬁ less than 30 m (100 ft) to greater than 150
m (500 ft) beneath most of the Southern ‘High' Plains (fig. 3). Locally, 6ver subsidence
basins induced by salt dissolution (Gustavson and othefs. 1980; Gustavson and Finley.
1985), thicknesses may exéeed 235 m (800 ft). As a generalization, however, areas of

thick accumulations occur in paleovalleys and thin accumulations overlie paleotopographic

divides.

_ Previously Published Work

The Ogallala Formation was first described by Darton (1899) in Ne.braska. Baker
(1915) recognized that the Late Cenozoic deposits of the Texas Panhandle resulted from
uplift and erosion'qf the Rocky Mountains to the west and that these ‘deposits were
primarilybflu‘vial and to a lesser extent eolian. He named the “cap-rock” éali;he that
marks the top of the Cenozoic section (Ogallala F-o,rmatioh) and recognized that the
Caprock caliche “is clearly a secondary d'epo'sit, formed after the deposition of the

sediments which it binds t‘ogether.‘ by the precipitation of ... calcium carbonate dissolved




in ground water.” He thought that caliches were the product of carbonate deposition by
evaporation of shallow ground waters drawn near to the surface by capillary action.
Although his interpretation of the process by which caliche forms is now recognized to
be incorrect, he did observe that caliches form only in arid and semiarid areas and, as a
consequence, that climatic conditions during the Late Cenozoic were like those of the
present.

Elias (1931) asserted that the Caprock caliche in Wallace County, Kansas contained

an alga (Chlorellopsis bradleyi Elias) that required a permanent body of water for its

growth. Based on the presence of the alga. he postulated a lacustrine environment for
the deposition of the Caprock caliche. Many objected to this hypothesis, including Smith
(1940), who argued that a widespread lake on the High Plains was improbable because it
required tilting the High Plains to a near horizontal surface during deposition of the lake
beds and then returning the High Plains to an easterly tilt of 2 to 2.5 m/km (10 to 12
ft/mi).

Bretz and Horberg (1949a. b) recognized and described the formation of caliche as
a pedogenic process. Based on petrographic analyses of pisolitic parts of the Caprock
caliche, Swineford and others (1958) established that it developed by predominately soil-
forming processes. The work of Smith (1940). Bretz and Horberg (1949a, b), Brown
(1957) and Swineford and others (1958) essentially ended the controversy over the origin
of the Caprock caliche. Although many authors have discussed the various attributes of
the Caprock caliche, pedogenic and ground water calcretes and silcretes within the
Ogallala, and especially at the base of the formation, have either been ignored or
mentioned only in passing.

Most authors. including Johnson (1901), Sellards and others (1932), Smith (1940),
Bretz and Horberg (1949a. b). Frye and Leonard (1964). Frye (1970), Seni (1980).
Hawley (1984). Reeves (1984), and Winkler (1985) have thought that the Ogallala
Formation in Texas and New Mexico is composed primarily of fluvial sediments, and
that the fluvial part originated as a series of deposits from ephemeral streams. or as a
great alluvial plain or bahada. All these authors recognized that an erosional surface

with deep, wide valleys was invaded and buried during the Late Tertiary, and that the
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S present ngh Plarns surface Is a reflectron of the deposrtronal slope of the Ogallala

Although many of these authors recognrzed that eolran sedrments are present in the ,

: Ogallala in general they have not recognlzed ‘the rmportance of eolran sedrmentatlon -
Seni (1980). for example. thought.that the Ogallal_a\ Formation- was_ construc_ted entrrely B
by lluvlal bproc}esses :O‘n‘t‘he 'other hand""vavans. and‘l\/leade (1945) s‘uggested that'
IocaIIy the upper part of the Ogallala was eollan Reeves (1972) thought that much of

. the Ogallala south of Lubbock Texas was eolran and Wrnkler (1985) mterpreted that
~fine sands and silt facres in the Ogallala southeast of Lubbock ‘were eolran sedrments

deposited from suspensron and as sand sheets S

Deposrtlonal Systems
Recent studles in the Texas Panhandle have emphasrzed that the deposrtronal
'envrronment of the Ogallala Formatron was similar ‘to that of both modern . and ancrent

wet alluvral fans ) Seni (1980) compared the Ogallala to the Kosi River fan in Nepal

~and Ind|a (Gole and Chrtale 1966) The drstal portron of the Kosr fan |s fme gramed

} consrstrng mostly of sand and fme sand Sen| (1980) thought the texture of the Kosr ‘
fan and rts large size (15 400 km2 to 20 500 km [6. 000 ml"2 ‘to 8,000 mi ]) made lt a
‘ surtable modern analog for the Ogallala Formatron Reeves (1984) suggested ‘several

ancient analogs mcludmg the. sandstone delta facres of the Van Horn Formatron Texas o

(McGowen and Groat, 1971) the East Rand fan of the Witwatersrand basrn Africa

‘(Pretorlus 1974) and the Salt Wash l\/lember of the Morrison Formatlon (l\/lullens and
Freeman, 1957) as well as an add|t|onal modern analog, the Riverine Plaln Australla
(Schumm 1968) Senls (1980) study was  based entrrely on analyses of well Iogs

Field studies were not mcorporated mto “his analyses of deposrtronal envrronments

Reeves’ (1984) study seems. to be mostly a review and assessment of exrstrng lrterature ’_

Winkler (1985) followmg extensrve freld studles |n the vncrnlty of Crosby County

‘Texas. described the deposrtlonal archltecture and blostratlgraphy of the Ogallala vl ‘

Formation. He drffered from the mterpretatlons of Seni. (1980) and Reeves (1984) and"
_'sUggested that the fluvral facres that he descrrbed were srmrlar to those produced by

recent floodrng on Buou Creek Colorado an ephemeral hrgh energy stream (McKee‘ and




others"1967) Furthermore, Winkler (1985) suggested that the fine- gramed eollan part of
“ _ the Ogallala resembled eolian sand sheets (Fryberger and. others 1979 Kocurek and '

Nellson in press) He empha5|zed that the processes of channel cuttmg and mflllmg

- wrth coarse alluvrum were |mportant in the vrcmlty of the Slaton Channel.

Freld studres of the’ Ogallala Formatlon completed durmg FY-1985 mclude

descnptlons of sectrons deposrted as basal Ogallala channel frlls and sectlons deposrted

- -over paleotopographlc divides or upland areas on the middle Tertrary erosronal surface ’

, Three fluvial sections and‘two upland ‘sections are described below to_ compare ‘and
contrast depositional e‘nvirOnments during the late ‘Tertiary ‘ 7

Fluvial secttons near Ragland and Bellview. New Mexico occur along the axis and'v’
: ,‘ northeast flank respectlvely of a broad pre- Ogallala paleovalley that trends southeast
across the mrddle Tertrary erosronal surface. The two. upland sectlons at Buffalo Lake -
and east of Silverton, Texas occur h|gher on the northeast flank of the paleovalley and
on-or near the paleodramage divide. The Palo Duro Canyon State Park section ‘occurs

in a second’ paleovalley northeast of the divide;

Ragland New l\/lexrco Section
The Ragland New lVIex|co sectron is exposed along New l\/lex1co Hrghway 18
‘~ approxrmately 37 km (23 mr) south of Tucumcan New Mexico in a north facmg | |
segment of the Caprock Escarpment (fig. 2) Thrsesectron exposes approximately _25'm‘
(85 ft) of the Ogallala Formation (fig 4) ~ The Ogallala was‘ deposited unconformably on N
Triassic Dockum Group stra‘ta Deformatlon of Dockum' strata has resulted in clastic

- dikes that are filled with carbonate cemented fragments of Dockum Group sedlments

DepOsitional»F_acies o S |
~ The lower 1.5 m (5 ft) of the Ogallala ‘Formation'exp‘osedv in the '_Raglandlbsection:is
a clast-supported siliceous'gravel"composed 'primarily of well—roun‘ded volcanic_:'quartzite‘
~‘and metamorphlc clasts. lntermediate ‘axis lengths’ of 7 cm (3- in) are common Rare | _':
angular clasts of Dockum sedlment up to 20 cm (8 rn) Iong are present but because of

their angularity and _relatlve softness khave not been transported any significant distance.




These basal gravels are horizontally bedded, are imbricated, and include at least three
fining-upward sequences. Calcium carbonate is a pervasive cement occupying most
available pore space.

Overlying the basal conglomerate is 7 m (23 ft) of interbedded clast-supported
carbonate-cemented siliceous conglomerates and pebbly sandstones. Conglomerates are
horizontally bedded and clasts are well rounded and imbricated with fining-upward
sequences ranging up to 0.8 m (2.3 ft) thick. Sandstones are composed of pinkish-gray.
pebbly, coarse sand preserved as low-angle tangential cross sets. This section is capped
by 0.75 m (2 ft) of pinkish-gray, cross-bedded, vuggy weathering, carbonate-cemented
sandstone. The apparent paleoflow direction as determined from cross set orientations
was to the southeast.

Overlying approximately 2.4 m (7.9 ft) of section obscured by slope wash is 4 m
(13 ft) of interbedded pebbly sand and gravel. No primary sedimentary structures are
recognizable. Original sediment appears to have been medium sand with dispersed
pebbles interbedded with medium gravel (intermediate axis up to 5 cm. [2 in]). At least
two and possibly three zones of pedogenic calcrete (caliche) formed within these
sediments. The degree of calcrete development, or carbonate cementation, increases
upward. |Initially, vertical zones of dispersed carbonate cement result in a crude vertical
columnar structure in coarse sands, with carbonate becoming nodular and then massive
near the top of this section. Individual carbonate nodules range up to approximately 2
cm (0.75 in) in diameter. The original clastic ground mass is generally excluded from
these nodules. Nodules increase in number and size upward. Massive carbonate near
the top of this section is in part brecciated. recemented. and pisolitic, and contains
chalcedony in veins. It is these features that distinguish pedogenic calcretes (Bachman
and Machette, 1977).

Massive carbonate occurs in crude mound-like structures with relatively sharp upper
boundaries.  Clastics that are part of the original sediments are generally excluded from
the massive carbonate, although minor sand and gravel clasts floating in the carbonate
mass are present. The spaces between the mounds are filled with structureless. poorly

cemented sand or gravel. The massive carbonate horizons represent at least one. and
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,prObany’-'tWO 'Stage.lv or V pedOgenic Calcrete's (Bachman and Machette ‘ 1977)'v The
spaces between the mounds probably resulted from carbonate solution to form plt hke
features in the calcrete. Later fluylal_ sedlmentatlon filled the pits. and the procesvs ofv
pedogenesis and carbonate solution was repeated ‘to form the‘ second calcrete »

The ster of sedlmentatlon changes radrcally apprommately 16.5 m (55 ft) above the
channel floor The clastlc material that comprises. the upper 5 m (16 ft) is prlmanly ’
pmklsh—gray fine to very flne sand I\/Iany sand gralns are rounded and frosted, and nolb
primary sedlmentary structures are preserved Carbonate content mcreases upward
Carbonate cement dep05|ted preferentrally along vertlcal mflltratron pathways has produced
a crude vertical or columnar structure Carbonate nodules lncrease in size and number
upward, Ieadlng to a massive 22 m- (7.3-ft-) thick pedogenic calcrete. the. Cap.ro.ck
“caliche, at the top of the section Thi_s massive pinkbish—gray calcrete is complexly
. breccnated ~and recemented' at the surface. The upper part is deeply weathered and the
preserved portnon is probably equnvalent to a Stage V pedogemc calcrete of Bachman and'._

2 Machette (1977)

.Fac1es Interpretatlon : 7

The fluvial sands and gravels exposed in the Ragland sectlon were dep05|ted in'a
\ maJor channel system that contamed streams that ﬂowed southeasterly across the mlddle
-~ Tertiary Iands_cape (fig. 3). The fluwal sectlon fines upward from bemg gravel- domlnant
near the base of the channel to being sand—dommant near the top. Fmrng—upward
seqUenc_es of horizontally bedded ,gravels 0verTain‘ by cross-bedded sands ‘su“ggest
- deposition as superirnposed bars"by, high—energy. high—sediment I“oad, braided,‘and possibly
ephemeral, :streams 'The c‘hange from grayel—dom’inant to sand-dominant facies suggests :
_ that at least two modern analogs may apply These are the“ Scott River type. coarse ‘
B gravel bralded stream model for the gravel sequences (Boothroyd and Ashley 1975) and
~the- Donjek  River type, sand and gravel braided-stream model for the entrre section
(w.u.ams and Rust, 1969; Rust, 1972). ' |

The upper 6 m (20 ft) of the Ragland section consists of fine to very fine sand

with rare roatmg granules or small pebbles.. Certam sand grains. are frosted The lack




‘k_-ijof 'preserved’is'e‘dimentar'y s'tr‘UCtUres and the 'pervasive development ‘ofy calcic soils and

} pedogenic calcrete makes it dlfficult to mterpret the process by which this part of the .
section was deposrted However -the presence. of frosted grains and the gram size of
~ these sediments suggests deposmon by eolran processes ' | '
: These fme to very fme sands are probably too coarse to have been deposrted
entlrely from suspensron as loess However the presence of a 5|gn|frcant proportron of
silt- and clay- sized material m‘akes it hkely 'that-eol_ian dust contributed to these
sediments The coarser fraction especially fine. and'very fine sand either'moved
,prlmanly as materral in saltation or was temporarlly suspended within a meter or two of
the surfaceT Modern and Wrsconsman analogs would be loess or dust deposrts (Mlller. N
and 'others 11984; Pewe 1981) and the deposntlon of sand sheets as_described by
Fryberger and others (1979) and Kocurek and Nellson (m press) Winkler (1985)
described similar silty, frne sand faciés in hrs studles of the Ogallala southeast of’
Lubbock Texas and also attrlbuted their deposmon to processes |mportant |n ‘the

' deposrtron of Ioess and sand sheet

Cementation |

Carbonate cementation in the lower fluvral part of the sectlon increases downward
and rs uregularly expressed as erosronally resrstant Ienses in sandy facres Carbonate
‘cement fills void spaces between gravel clasts near the contact ‘with the underlylng
B Dockum and partly coats clasts higher in the section. - There is no evidence of clast

dlsplacement by carbonate cement and none of the structures characteristic of pedogemc

~ calcretes were recogmzed. For these reasons it seems probable that the calcretes in the

lower part off-the ﬂuvial sectlon ,were‘ deposrted from ground water.

Age | |

- The'RagIand:_section' contains neither fos‘sii‘ma_terial nor _.t‘ephra.“.a"nd as a
consequence the age of these deposits -h"as not been determined with confidence ‘
Numerous Iarge rounded amygdalordal basalt cobbles occur in the basal gravels B'asic'

volcamc flows northeast of the Ragland section in the Ocate and Raton volcamc fields
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have bee? dated as 8.3 m. y. or younger (O'Neil and Mehnert, 1980; Stormer, 1972).
These flows are the nearest extrusive basic volcanics northwest of the described section.
One or the other of these fields is thought to be the source of the basic volcanic clasts
in the Ragland section, and thus the basal portion of the Ogallala in this section is no

older than 8.3 m. y.

Bellview Section
The Bellview section is located at the Caprock Escarpment approximately 13 km (8
mi) north of Bellview, New Mexico on New Mexico Highway 93 (fig. 2). Twenty-nine
meters (96 ft) of Ogallala Formation strata are exposed in the Caprock Escarpment
(fig.5). The Ogallala Formation at the Bellview section rests unconformably on
weathered and faulted Triassic Dockum Group strata. Clastic dikes in the Dockum are

filled with basal Ogallala sediments.

Depositional Facies

Overlying the unconformity is a one-meter-thick sequence consisting of angular to
subangular gravel overlain by a light-brown (5YR 5/6). sandy clay loam. Color and
texture suggest that this is a buried B soil horizon. No primary sedimentary structures
are preserved in this unit. Most of the gravel clasts contained in this unit are angular
to subangular fragments of ferricrete or silicified valves of the Cretaceous pelecypod
Gryphaea.

Unconformably above the paleosol are 14 m (46 ft) of flat-bedded and cross-bedded
pebbly sands. Two channel cutbanks are preserved in this sequence. Blocks of
collapsed bank material, lithoclasts, and armored mudballs occur in the channel fills. A
third channel is filled by 0.75 m (2.5 ft) of laminated carbonate-cemented mudstone at a
depth of approximately 15 m (49 ft). Numerous sequences consist of horizontally
bedded pebble gravel or pebbly sand at the base that fine upward to horizontally bedded
or cross-bedded sand. Usually, these sequences are capped by thin silt/clay drapes.
Curled-up edges along cracks through the drapes indicate that desiccation occurred after

deposition. Clay drapes are commonly overlain by amorphous, nodular, calcium-carbonate
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AT beds that ".range up to 10 cm (4 in) thick.. No clastic sedimentary material occurs in

these nodules
| Carbonate cement occurs preferenttally in or above finer grained sediments, but ‘is
not pervasive. In the upper 1.5 m (5 ft) of the quvraI sectuon pedogenic carbonate
nodules occur dlspersed in fluvial sands. | ‘ |
The upper 1475 m (49 ft) of the Bellwew sectlon is markedly dlfferent from the -

"‘.underlylng strata and con5|sts predommately of flne to very fine prnkrsh gray (5YR 8/1)
'_ ‘sand capped by the 4—m— (13- ft) thrck Caprock caliche. The fine and very fine sand
| section is characterized by a crude .vertlcal columnar structure a‘pparently du’e to |

drfferentral ‘carbonate cementatlon Carbonate nodules occur throughout thrs part of the

- sectron. ‘At about 13 m (43 ft) below the surface, two slightly darker (5YR 5/6) hght-

brown zones preserve a hrgher clay content and apparently are buried B horizons.  Six :

~and. possibly seven burred pedogemc calcretes are mdrcated by dlffuse zones of increased
7’ carbonate cement or carbonate nodules.‘ No pnmary sedlmentary structures were |

) preserve'd.inthis materi‘al ' ‘ | | |

The massive Caprock cahche that caps the Bellvrew section is prnklsh -gray (5 YR

- 8/1) and is nearly 4 m (13 ft) thlck The base of the Caprock calrche is marked by an
upward mcrease in_the size and number of carbonate nodules. Toward the surface the

‘ ‘cafcrete becomes progresswely more ‘massive. Numerous chalcedony veins occur 'at'about
2 m (6 ft) below the surface. -The upper. part is Iamrnated brecciated, and plSOlIth and

represents a Stage VI calcrete (Bachman and Machette 1977)

d Facres Interpretatron :' ‘ _
| The fine- grarned clay rich paleosol overlyrng a thln zone of angular fragments at the s
: base of the section represents a weathermg and sod formmg horizon. The angulanty of -
_ the coarse fragments ‘suggests accumulatron without srgmflcant transport. - This unit
‘preserves a_-thinv colluvial ‘deposit on the m.iddle‘Tertiary er‘osional surface. »
The fluvial sands and grayels 'expos’ed “at‘the Beffview"section‘ make up channel
_‘fillls '_an‘d TSeverjal fining-upward sequences within a single rnajor finingQupWard u‘nit.’

Horizontally :bedded an’d cross—bedded"pebbly‘ sands fi‘ne upwa_rd«and are capped by

« | DRAFT



desrccated srlt clay drapes Channel flll sequences begln at erosion surfaces and mclude )

’ armored mudballs and rotated slump blocks near the channel floors - These sedlments '

 were deposrted by medlum—energy hlgh-sedlment load, ephemeral streams " Each flning—

~.upward sequence capped by clay- suIt drape represents a flood event followed by subaerral

exposure. The Bijou Creek or South Saskatchewan Rrver types of sandy, braided.

ephemeral streams appear to be modern analogs for these deposrts (l\/chee_ and ot‘hers.

i 1967: Cant and Walker 1978) ‘ :

At a depth of approx1mately 14 m (46 ft) a fundamental change in deposrtnonal
processes is preserved in the . sedlmentary record. The upper part of the Bellview
sectlon consrsts prlmarrly of fine to very flne sand wrth no preserved prlmary
sedrmentary structures The development of paleosols rn this part of the sectnon is -
indicated by several preserved pedogenlc calcretes and two B horlzons Carbonate

nodules (callche) are very abundant and occur throughout the upper part of the sectlon

-Grain-size dlstnbutlon and the Iack of ‘grain- size change throughout the upper part of the -

sectlon suggests deposmon by eollan processes srmrlar to the ‘upper part. of the Ragland
‘- :sectlon and to the eolian sections of the Ogallala descrlbed by kaler (1985) The

stacked paleosols show no evrdence of erosion between paleosols ‘suggesting that the

. surface of accumulatron was a stable landscape. The absence of sedrmentary structures

LY A0
A

B A B
i -

also suggests _bloturbatlon. The development of pedogenrc calcretes and B horizons
suggest's_: long-term stability during which pedogenic processes would have a chance to. "
operate. These observations suggest that deposition was mixed and probably. included

_eolian sand sheets and loess dep05|ted on a stable grass-covered landscape (see Frye

and Leonard [1957] for discussions of Ogallala flora) As suggested by Fryberger and I

others (1979) and Kocurek and . Neilson (in: press) vegetatron particularly grasses
.probably play a srgmfrcant role in stabrllzmg eolian sand sheets Clearly, vegetatron
“would also serve to baffle and stablllze wrndblown dust | | -

* Ogallala sedlrnents preserved at the Bellview sectron differ from the Ogal_la_la_ |
‘sediments described at the -Ragland section in several possibly slgnif‘icant' ways. T‘he’
Bellvrew section is pnmanly sand while the Ragland ‘section is mlxed sand and coarse |

gravel, especially ,at the base of that _sectlon. Gravel clasts at the Bellview sectlon "

: ‘ SeA:



- consrst mostly of fragments of ferrrcrete Gryphae and quartZIte pebbles Ferricrete
'clasts do not occur at the Ragland sectlon and Gryphae are rare Basrc volcamc s
cobbles are common at the Ragland sectlon and ‘do not occur at the Bellvrew srte

These data mdlcate that the fluvral systems operatlng at these two srtes durmg the late 1
'Tertrary had srgnrfrcantly drfferent flow reglmes and that the sources of sedrment .

avallable to the two stream systems may also have been sugnlflcantly dlfferent

'Cementatron . -

Carbonate cementatlon |s wrdespread but varrable wrthln the quvral and colluvral
sedlments that make up the lower part of the BeIlvrew sectron Most of the section is B
,poorly cemented but certam finer gralned sand and: mud units are moderately well

Vfcemented The degree of carbonate: cementatron rn thrs sectron is srgnlfrcantly Iess than

- that at the Ragland sectron

‘Beds of calcrum carbonate up to 10 cm (4 inv) thick have accumulated above thin,.

mudcracked srlt clay drapes The carbonate beds are nodular whrte and have not
mcorporated any of the adjacent clastic materlal The mechanlsm by whlch ‘this materral

accumulated is not understood nor are we aware of any modern or ancrent analogs that

g ;mrght provrde an explanatron for the accumulatron of caIcrum carbonate m ephemeral

stream envrronments Pedogenlc carbonate nodules form at shallow depths |n “soils by -
preC|prtat|on from sorl waters and in the process of formatron exclude most soll
partrcles Perhaps a S|m|lar process accounts for the carbonate beds in thrs section, but

the precrpltatlon of calcium carbonate is from groundwater not shallow soil water

Age
. Nobdatable material VWas observed at the Belllview section No basrc volcamc clasts were
' .recognlzed at the Bellvrew sectlon S0 the relatlve age of the sectron can not be

determmed
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' o B o ‘Palo Duro Section- s | _ i »

' . : | The Palo Duro Canyon State Park Sectron is exposed along’ the park entrance road |
| o where the road crosses and begrns to descend the Caprock Escarpment (frg‘ 2) At the :
base of the Palo Duro Canyon State Park section the Ogallala Formatlon unconformably

~ overlies Trrassrc Dockum Group mudstone (fig 6) Beneath the middle Tertlary ’ |
_"‘erosronal surface that separates these two unlts Dockum Group light olrve -gray (5Y 6/1)

;-;mudstone is weathered to yellowrsh gray (5Y 7/2) to a depth of 1.5 m (5 ft)

‘Deposrtronal Facres _ :
Basal Ogallala sedlments in the Palo Duro Park section consrst of rounded pebble— b'
] to cobble srzed partly carbonate cemented gravel comprlsed of quartzite and rntrusrve and
metamorphrc clasts These gravels occur in shallow narrow channels to a depth of 1 to
| 2,m" (3 to 6 ft). Neither volcanlc clasts nor prrmary sedrmentary structures were |
recognized in" this unit. Calcrum carbonate (calrche) nodules are preserved |n the -
i cemented zones ¥ | v : v _ | |
| Overlymg the basal gravel rs 5 75 m (19‘.ft)‘ of fine tonery fine san'd containing'
dispersed srlrceous pebbles No preserved sedrmentary structures are present wrthm thrs
section. Calcium carbonate (calrche) nodules up, to 3cm (1.25 |n) in diameter are
common. The lower 1 to1.5 m (3 to 5 ft) is " carbonate cemented Calrche nodules are
preserved in the carbonate Cement Locally thrs umt contains siliceous nodules or rs
entirely srlrcn‘red S|Ircrf|ed parts are nodular to massive, reddrsh brown (10R 4/6) and
' fracture conchordally - Ghosts of calrche nodules are recognlzable wrthrn the silicified
“zone, but the nodules also have been silicified. The srlrcrfred .zone is fractured and
Iocally fracture faces are partly covered wrth opal films. “ V . |
The upper 2 m (6 ft) of thrs unrt is strongly carbonate cemented to form a
massrve concholdally fract_urmg_ calcrete. Uncemented enclosures of fine sand and
' carbo‘nate nodules. are present.i Ghosts of carbonate nodules rem’ain alo‘ngi.withrare
‘dlspersed siliceous pebbles S | . i : |
Approxrmately 2 m (6 ft) of the sectlon above the calcrete IS covered by colluvium, -

‘ but_above that. 55 m (18 ft) of horrzontally bedded cross- bedded and rrpple lamrnated
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sands are present. This 5.5 m (18 ft) section fines upward from medium sand at the
base to fine sand near the top; the thickness of cross beds also diminishes upward from
20 to 30 cm (8 to 12 in) at the base to 2 to 10 cm (0.8 to 4 in) near the top of the
exposure.  Silty clay drapes showing evidence of desiccation overlie fining-upward ripple-
laminated sequences.  This sequence does not contain calcium carbonate (caliche)
nodules.

This part of the section is poorly cemented, although local case hardening occurs
where the surfaces of some strata are carbonate cemented. Lenses of carbonate-
cemented sand (ground-water calcretes) are also present.

Overlying the fluvial section described above are 3.5 m (12 ft) of section covered
with colluvium. The top of the section exposes a weathered and extensively fractured

portion of the Caprock caliche.

Facies Interpretations

The lack of preserved primary sedimentary structures in the lower 6.75 m (22.3 ft)
of the Palo Duro Canyon State Park section (fig. 6) makes it difficult to interpret the
environments of deposition. The channel-filling rounded gravel clasts at the base of the
section were probably deposited by small, possibly braided, streams. The 575 m (19
ft) of fine to very fine sand overlying the gravel is similar in grain size to eolian
material described in the Ragland and Bellview sections with the exception of a few
dispersed gravel-sized clasts. The lack of primary sedimentary structures and the
presence of caliche nodules indicates that the section has been altered by pedogenic
processes and perhaps bioturbated. The presence of pedogenic caliche nodules in this
part of the section suggests that a stable landscape and a slow rate of accumulation of
sediment prevailed when the nodules were being formed.

The lower part of the 55-m- (18-ft-) thick sequence of fluvial sediments in the
middle of the Palo Duro Canyon State Park section consists primarily of planar and
trough crossbeds and horizontal beds. Ripple cross stratification and silt-clay drapes are
missing. The types of sedimentary structures present seem to represent superimposed

bars similar to those preserved in a Platte River (Smith, 1970) type of sandy braided
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The upper bart of the fluvial sequence of the Palo Duro Park section includes
numerous fining-upward sequehces capped by ripple cross stratification ‘and silty-clay
drapes showing evidence of desiccation. These structures suggest deposition during
repeated flood events by high-energy, shallow ephemeral streams similar to the Bijou

Creek (McKee and others, 1967) type of séndy braided stream.

Cementation |

| It is probable that ‘sev.eral episedes of cementation have affected the Palo Duro
section. Two ground-water calcretes are present near the bas‘e of Ath\e‘ section.  The
base of the Ogallala section is ‘str'ongly carbenéte cemented' to a thickness of about 2 m
(6 ift). Ground-water calcretes do not display any of the characteristics of pedogenic
calcretes. The basal calcrete is not Iarﬁinated and does hot appear to be fractured and
recemented.  Ghosts of caliche nodules are preseﬁt. Clasts of the original sediment in
this section may have been slightly dlspersed by the cementation process but are not
excluded from the calcrete Locally this calcrete has been silicified. A secqnd calcrete
occurs about 2 m (6 ft) above the basal calcrete and is similar in character to the basal
calcrete. In addition, numerous individual bede within' the fluvial section are cemented by

calcium carbonate to form thin, discontinuous, ground-water calcretes.

Age

No datable materials were observed in this section.

Buffalo Lake Section
The Buffalo Lake section is exposed on the southeast side of Texas nghway 168
in the Buffalo Lake National Wildlife Refuge approxumately 5 km (3 mt) south  of
Umbarger, Texas. The base of the section starts at an elevation of about 3620 ft 03
km (0.25 mi) east of the Buffalo Lake dam. Triassic Dockum Group strata exposed in
the base of the section consist of brecciated sandstenes and mudstones that dip
approximately 20° southwest (fig. 7) Fractures are filled with carbonate-cemented

fragments of Dockum strata, The upper 1 to 1.5 m (3 to 5 ft) consists of brecciated




mudstones partly dispvlaceld' by'lamina’ted calcium carbonate (Calcrete) T’his may be a
: remnant of a pedogemc calcrete developed at ‘the mrddle Tertrary erosronal surface on.

' Dockum strata

Facies D:escri‘ption ‘ | ‘
A massive 2'2—m—‘7 (7-ft-)' thick calcrete occ‘urs"at the base' of the Ogallala
lFormatron The calcrete is breccrated m a few smaII areas and locaIIy srlrcrfred »
Srlmfrcatlon boundarres cut across breccra clasts Rare quartzite pebbles are dlspersed in
the calcrete | . ,‘ . | L

Overlymg the calcrete are 21 m (70 ft) of flne to very fine pmkrsh gray (5 YR 8/1)
sand and srlt No prrmary sedrmentary structures are preserved in this sequence
:‘vNumerous whlte carbonate (calcrete) ,nodules occur throughout the section. A crUde
vertical columnar structure s present throughout most of this sequence.  This structure
' 'apparently reflects dlfferentral carbonate cementation along soil ped faces The sllghtly j
_ ,resrstant areas are ‘more heavrly ‘carbonate cemented Opahzed downward branchrng _
| tubules apparently ‘representmg sdrcrfred root traces are present Iocally Several
paleosols are present as pedogenrc carbonate horrzons near the top of the sectron Near
the top. of the section the number and size of calcrete nodules mcreases The pedogenlc S
'Ogallala Caprock Calrche occurs at the top of the sectlon and is. apprommately 25 m
‘(8 25 ft) thick. - The upper part 1s massrve and mtensely fractured No secondary

lammatlons were observed

Facres lnterpretatron _ g ‘ .

Dockum strata below the mlddle Tertlary erosronal surface appear to have |
: undergone pedogenesrs whlch resulted m the development of a pedogemc calcrete ‘lf
:- thrs is correct, then the mrddle Tertlary erosmnal surface in thlS locale was a stable _

surface for suffrcrent time to develop a very mature sorl profile.

[

: There is no evrdence of fluvral- deposrtron a‘t the Buffalo Lake ‘secti‘o’n The 21 m .
(70 ft). of Ogallala Formation sedlments exposed at the Buffalo Lake sectlon are

predommately a frneto very_»frne silty sand. Some sand grains are frosted and,welli
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"‘rounded‘ The presence of frosted, welI rounded sand grams and ‘the texture of the |
’sedlments that make up these strata suggest that the entire sectron Was deposrted by
‘eollan processes similar to the upper parts of the Ragland and Bellview sectrons The
large percentage of flne to very flne sand is too coarse for loess, but the presence of a-
~significant proportron of srlt— and clay-sized matenal suggests a minor amount of .Ioess v
deposition The lack of preserved sedrmentary structures preserved root traces and
~paleosols and callche nodules suggests sIow accumulatron of sedlment on a stable :
Ianidscape. The -mlx of sand-, ert—, and cIay-suzed material suggests that mrxed eolian
prOCesses‘acCOunt"for depositlon of this' secti'on Example modern analogs would be
loess deposrtron (l\/lrller‘ )1985) and deposmon as sand sheets (Fryberger _androthers.

1979; Kocurek and Nellson in press).

Cemen’tation | |

The entire Buffalo Lake section is Ilghtly cemented by calcrum carbonate
, Carbonate nodules probably resultmg from pedogenlc processes occur throughout the
section. Near the_base of‘the sectronav2—m— (6—f~t—) thick calcrete is present The
calcrete’isv partly silicified‘and rnassive Although there is. minor evrdence of breccratlon_
“of carbonate clasts and recementatlon there are no other characterrstlcs that suggest -
that this basal Ogallala calcrete is pedogemc in orlgln This calcrete |s apparently the

result of preuprtatlon of calcrum carbonate from ground water.

Age

No datable materials were found in this section.

‘ e Sllverton Section B ‘ _
‘ The Srlverton sectlon is exposed on Texas Hrghway 256 between 185 and - 193 km
,'-(11 5 and 12 ml) east of Silverton, Texas (flg 2) The base of the sectlon is at an .
elevation . of _approximately 2990 ft and extends 38 m (125 ft) to an elevatron of
‘ approxnmately 3,100 ft Ogallala sedlments in the Sllverton sectlon (fig. 8)

unconformably overlle weathered and fractured mudstones of the Trrassrc Dockum Group -
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S Facies Descrrptlons :

LocaIIy narrow shallow (1 to 15 m-deep [3 to 45ft deep]) channels are fllled

N ’-'wrth sandy- carbonate cemented gravel at the base of thrs section: of the Ogallala

Formatron Gravel clasts are up to 13 cm’ (5 mches) long and are mostly quartzrtes

vein quartz metamorphrcs and fine- gramed lgneous rocks Prrmary sedrmentary

,:‘ jstructures are not preserved and gravel clasts appear to roat in a fme gramed matrrx

: Carbonate cement in this unit has been IocaIIy sullcrfled ’ FE :
The remarnmg 36 m (119 ft) of the Srlverton sectuon consists of grayrsh orange

pmk (5YR 7/2) fine to very fme sand that appears srmllar to fine and very fine sand

sequences in the Buffalo Lake sectlon and in the upper parts of the Ragland and

| BeIIvrew sectrons No pnmary sedrmentary structures were recognized in thrs section.

WeII rounded and frosted sand grams occur throughout the section. The sand contalns "

pmkrsh gray carbonate (calcrete) nodules up to 5 cm (2 mches) in dlameter throughout :.}f,""‘“‘"
T /

"much of the sectron At Ieast four massive (Stage IV?) pedogenlc calcretes (Bachrnan Pt
| and Machette 1979) oceur in the Iower 17 m (56 ft) of th|s sectlon The upperi 19m
‘(63 ft) of th|s exposure mcIudes 18 paleosols preserved as concentratlons of carbonate I
b, nodules or as slrghtly darker (moderate red brown [10R 4/6] to pale red brown [10R
5/4]) and shghtly clay- rrch B soil horrzons Onlly_ a few representatwes of these
‘_paleosols are |I|ustrated in flgure 8 e " : | ’ '

| The top 3.5 m (11. 6 ft) of the Sllverton sectron is a massive pmkrsh -gray (5YR -
8/1) to grayish orange- pink (5YR 7/2) Stage v caIcrete ‘the Ogallala Caprock caliche. -
The caIcrete is Iammated but does not appear to be breccrated or pisolitic. Large dense

areas of carbonate fracture conchordally

'F_acies' _lnte'rpretations | v _

B The _shallow. ‘widely separatedg'ravel—bearin_g‘ channels at bt-he base‘ _of‘\the Silverton
section"represent ‘ﬂuvial',ldeposition. but th'e‘,:lack‘ of preserved sedimentary‘ str'ucture‘,s 'and",‘
the sparseness' of these deposits precludes addittona’l interpretation‘ | ) |

‘. The upper 36 m (119 ft) of the Sllverton sectlon rs similar to the Buffalo Lake ‘

section and probably represents eohan deposrtron based on the texture of these sedrments




and'on:the presence 'of rounded tol subrounded frosted grains. The' lack of’p"rlmar'y' '

: '»sedlmentary structures probably results from bioturbation and in part from the’ dlsruptron'rv» _— S

of sedlments by 50|I formrng processes mamly precrprtatron of carbonate The numerous_':»-
preserved paleosols represent perrods of landscape stabrlrty followed by mfluxes of

addrtronaleollan sedrment Although only a few root structures are preserved wrthrn thIS‘l

- section; the landscape stabrlrty indicated by development of paleosols also suggests that

.the Ogallala surface was vegetated The Caprock callche that marks the top of the’
.Ogallala Formatlon is a Stage VI pedogenlc calcrete and represents an extended perrod of,

Iandscape stabllrty

: C_ementatlon i

The lower 1. 5 to. 2 m (45 to 6 ft) of the Srlverton sectron is a caIcrete composed

‘ of carbonate cemented sand and gravel Gravel clasts appear to float rn' the fine- grained

'carbonate;matnx The lack of breccratron and lammatron of carbonate deposrts '

' characteristics generally attrrbutable to pedogenrc calcretes suggest that thrs is a |
ground water calcrete Locally the calcrete has been snlrcrfred The remarnder of the

l"sectlon s moderately to slrghtly carbonate cemented For ‘the' most part this cement is

the result of pedogenrc processes and consrsts of carbonate frlms along ped faces

carbonate nodules “and pedogenrc calcretes

g Ag’e'v

No datable materials were observed at the Silverton seCtiOn.

PRELIMINARY lNTERPRETATION OF THE DEPOSlTlONAL HlSTORY OF THE

; OGALLALA FORMATlON ‘ R

The complex nature of Ogallala sedrmentatron is reflected in the five stratrgraphrc R
‘sectrons that have been descrrbed (flgs 4 ‘through 8) The Iower part of the Ragland

. ‘sectron (frg 4) appears similar to the Scott Strearn (Boothroyd and Ashley 1975) or &
Donjek River (erllams and Rust, 1969) type of gravelly brarded stream deposrts (Mrall

| 1978). ~ The lower part of the Bellview s_ectron (frg.5) appears similar to the South
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;fr'Saskatchewan Rrver (Cant and. Walker 1978) or Buou Creek (l\/chee and others 1967) :

””u‘",type of sandy bralded stream The mlddle part of the Palo Duro Canyon State Park
?"'sectlon (flg 6) is S|m|Iar to the Platte River (Smlth 1970 1971) and to Buou Creek
types of sandy brarded streams Wlthrn the three sectuons that contain fluvral deposuts
frve of the srx models commonly used to descrlbe brarded stream deposats (I\/lraII 1978) :
" can  be applled | | | " b_ [ | v

Eolran sedlments overhe ‘each of the fluwal sequences in the Ragland Bellwew and
'v ~Pa|o Duro Canyon State Park sectlons and comprlse most of the Buffalo Lake and ;

Uv’Sllverton sectrons (flgs 7 and 8) The composrtron of these materlals marnly frne to

’ ‘jvery fme sand but with a srgnlflcant S|It and clay fractlon and the presence of frosted

- 'ygrarns supports the |nterpretat|on that these sedlments were deposnted as eollan sand

' sheets and loess. Fryberger and others (1979) have descrrbed deposrtlon of sand sheets
a and recent desert dust deposrtlon and Quaternary Ioess deposrtron have been descrrbed
by McCauIey and others (1981) Machenberg (m press) and I\/I||Ier and others (1984)

”"The lack of preserved sed:mentary structures makes it drfflcult to conflrm the mode of _

e deposmon

Calcretes preserved m the fluvral sequences in the Ragland Bellwew and Palo Dur0‘.
::.Canyon State Park sectrons and at the base of eohan unrts in the Buffalo Lake and
-Sllverton sectrons are massrve and W|thout the characterrstlcs of pedogemc calcretes
| (flgs 4 through 8) These and several drscontmuous cemented Ienses in the fluvnal
'.“sectrons were probably formed by precrpltatron of calcium’ carbonate from ground water.

‘The t|me and clrcumstances of formatlon of these calcretes is not known

The calcretes assocrated Wlth the eollan sequences are characterlzed as bemg *i’f'f"ﬁ

" nodular, Iammated brecaated or plsohtrc Occasmnally root casts and burrows are .

;‘-'preserved and may be opalrzed Recent studles by Bachman and I\/Iachette (1977) and
Glle and others (1981) have led to descrlptlve classrflcatlons of pedogemc calcretes and

" estlmates of the . tlme requrred to form these features For example accordmg to these
studles the Ogallala Caprock calrche wouId take several hundred thousand years to form
However a calcrete composed only of a concentratlon of carbonate nodules could form m’v

" several thousand years Pedogemc development of calcretes is cIearly a Iong slow L




e formatron Exammatron of the topography on the mlddle Tertiary erosronal surface .

o process and the p'resence of numerous pedogenic calcretes in Ogallala eolia_n sect_ions

e suggests slow accumulatlons over a Iong period of time. The stacked 'calcrete‘s o

’ (paleosols) in the eolian sections of the Ogallala Formatron suggest pedogenesrs durmg
periods of Iandscape stabllrty with Irttle or no deposrtlon followed by eprsodes of eoilan
, sedlmentatron - | » o
The drstrlbutlon of faC|es wrthm the Ogallala Formatron as reflected in the frve

fdescrlbed sectrons permlts a prelrmlnary mterpretatron of- the deposrtronal hlstory of the

'mdrcates that broad paleovalleys and paleostream drvrdes were present durrng pre—OgalIaIa |
time beneath the northern part of the Southern Hrgh Plains (flg 2) Basal Ogallala ,
strata within the paleovalleys are fluvral sediments dep051ted by ephemeral brarded »y
-streams and are exposed in the Ragland Bellview, and Palo Duro Canyon State Park
sectrons Eolran sedrments overlle the fluwal dep05|ts in these. sections. Eolian [
sedrments and ||ttle or no fluvral sedlments overlre the paleostream divides and are .
:exposed in the Buffalo Lake and Srlverton sectlons

The concentratron of fluvial sedrments in_the paleostream vaIIeys suggests that the
lower part of the Ogallala Formatron was deposrted prlmarrly as a valley fill, at Ieast in’
’the areas of the ‘described sections. Valley fill sequences have also been descrrbed by
Wlnkler (1985) for basal Ogallala sedlments exposed southeast of Lubbock Texas and
by Drffendal (1984) for Ogallala sedlments exposed in southwestern Nebraska.

The abrupt cessatron of fluvral sedrmentatron |n the Ogallala Formation suggests a |

e

drversron of streams flowmg across the Ogallala Iandscape This is consistent with
Gustavson and leey s (1985) suggestron that most Ogallala drainage systems were
.drverted durrng the Pl|ocene to form the Pecos and Canadran Rlvers |

The thick eolran sectrons overlymg paleostream d|v1des represent a long perrod of
Tntermrttent eolran sedlmentatron The eollan sedrments in the lower parts of thes‘e‘
sectrons may have been derived from ephemeral sandy bralded Ogallala streams.
N However the upper parts of the eolian sectlons overlymg the mterfluves as well as the
*eolian’ portrons overlymg the paleovalley fills. may have had dlfferent source areas |
-because streams on the High Plams had been dlverted to form the Pecos and Canadran

Rivers:
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‘ V‘Mac’henber‘g anfd others ('1985) have suggested that the most recent sedrments of “ B
Vthe Blackwater Draw Formation, which is eollan and overhes the Ogallala Formatlon |
‘ ' ‘were derived from the floodplams of the Pecos and Canadlan Rivers. It may be that.
"-_.the eol\ran‘sedrments of the upper part of the O‘gallala were also derived from the
'floodplains of the P‘ecos and Canadian Rivers soon after diversion of Ogallala 'streams ;

The end of deposmon of the Ogallala Formatlon is marked by the development ofv
the massive Ogallala Caprock calrche (caIcrete) The development of thrck Iammated
brecciated, recemented prsolrtrc calcretes such as th|s requrres extended penods of

Iandscape stablllty (Bachman and Machette 1977; Grle and others 1981) Accordmg to
| Bachman and Machette (1977) and Gile and others (1981).. calcretes such as the !
“Ogallala Caprock caliche take several hundred thousand years to form Apparently
nerther extensrve deposrtron nor erosion occurred in the Hrgh Plarns durrng late Ogallala'

: tlme

| BLACKWATER DRAW FORMATION '
Sorl geomorphrc studies were conducted to determine the "age and stratlgraphrc
B relatronshrps of. the surface and near surface sedrments of the Hrgh Plains, whrch for the
most part, comprlse the Blackwater Draw Formatlon Research on the Rollrng Plarns |
has been closely tled to th|s in that dep05|ts strrklngly srmrlar to the Blackwater Draw _
'-have been rdentlfred there | _

The Blackwater Draw Formatron is the prrnapal surficial deposrt of most of the
High Plarns of Texas and New Mexrco and supports the’ Iucratrve agrrcultural mdustry of "
the regron The umt Is a. sheet—hke body of sedlment that vanes in texture from sandy
in the southwest portlon of the regron to clayey in. the northeast. Consrdermg the
extent (roughly 100 OOO km2) and economic |mportance of the Blackwater Draw
‘Formatron it is suprlsrng that there has been relatlvely llttle research on the. age and _
: - origin: of the unrt.‘ Frye and L‘eonard (1957) first formally studled these deposrts They
. used the i‘nforma'l term “cover sands” for thrs sediment, and consrdered it to be of |
""lllinoisian' age because it apparently was stratrgraphrcally above Iacustrme sedrments of

“Kansan” age (the Tule Formatron) and below lacustrine sedlments of ' Wrsconsrn “age- - -
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~(the Tahoka Formatlon) They recognrzed however that the ‘cover sands may :

"mclude more than one age of deposrt (Frye and Leonard 1957 p- 28) ‘ They also |
i consrdered the Judklns Formatron an eolran sand deposrt rdentrfled adJacent to the |

lsouthwest portron of the. Texas Hrgh Plalns by Hufflngton and Albrrtton (1941)

B belong wrthm the complex called cover sands : They concluded that the “cover V

sands were of eolran orrgm probably derlved from some of the Iarge river valleys such
S, the Pecos. to the west and southwest Frye and Leonard (1964) also recognrzed a
strongly developed sorl formed in the upper part “of the " cover sands that they ERe
_consrdered a Sangamon SO|I ‘ | } | }

: Reeves (1976) proposed that the mformal term “cover sands” be replaced by the
fov‘r_ma'l” de‘s’ignation': Blackwater Draw.Formatron. ‘ He consrdered the unrt to have been
de’posited durlng the llli‘noisian and recognized that the formatlon was consrderably

‘thicker (locally up to 25 m) than the maxrmum of about 10 m observed by Frye and :

_”Leonard (1957) He noted that the term Sangamon sorl should not be applred to the

o regronal surface sorl because of evrdence of multrple perlods of sorl formatlon

ERESIS ol

Several recent |nvest|gat|ons shed new. lrght on the age and origin: of the Blackwater i

: ».Draw Formatlon Sertlheko (1975) rnvestrgated the textural varlatron of the surface sorl

i ’:',of the Blackwater Draw Formatron and concluded that rt frned downwmd from

-southwest to northeast supportmg the hypothesrs that the sedrments orrgrnated in the

. Pecos Valley (frg 9) Allen and Goss (1974) and Hawley and others (1976) recogmzed

' :that Iocally the - Blackwater Draw Formatron contams up to seven welI developed ‘soils

mcludrng the surface soil. Thrs |nd|cates that the unrt ‘was deposrted eprsodlcally

lerted absolute age control suggests that deposrtlon took pIace throughout much of the

| 'Plerstocene (Hollrday 1984 Machenberg and others 1985) Locally one of the burred |

sorls in the formatlon occurs below the 06 m. y Lava Creek ash - (formerly Pearlette O)

TWl’IICh Is wrthm the Tule Formatlon Elsewhere one and possrbly two of the burred sorls’
'are exposed below: the 14 m.y. Guaje ash of Izett and others (1972) A prelrmmary L

'paleomagnetlc study of the lowermost of frve buried sorls in the Blackwater Draw -
: Formatron demonstrates that the remnant magnetrzatlon apparently acqurred durlng

pedogenesrs. »rs_‘ domr_nantly, reversed Thrs suggests that the soil- formed durrng the last s
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Blackwater Draw Formation. " In any one section, and in a given area, the sorls are '

_.._bil-reversed polarlty epoch whlch ended about 079 m.y. B. p (E. E." Lafsér, personalvf
bv‘”communlcatron 1984) P T

With few- exceptrons sorls provrde the only stratlgraphlc markers wrthm the ¥

2 .
B
I

remarkably srmllar although the number of buried soils may vary from none to six

i wrthrn a small ‘area. A detalled rnvestrgatron of the soils, however may show subtle

, _pedologlc drfferences useful for correlation purposes l\/loreover the soils may provrde "

Airnformatron on the age of the Blackwater Draw Formation. ‘
Sorls form through time under the mfluence of climate, parent materlal rellef and
, ’blota (Jenny 1941 1980) If other factors are held constant or their effects mmrmrzed
it may be possrble to determine. the effects of time on the soils and to use this !
information to determrne the age of the soils (Jenny 1941, 1980; Brrkeland 1984) “The :
" only mformatron available on rates of sorl formatlon |n the study area are for Holocene
soils.  Gile (1976) studled 50|l gene5|s in the Sand Hills region of Banley County and r
‘ .Hollrday (1982) has mvestrgated rates of sorl formatlon at various Iocalltles |n valley frlls
on. t'he Southern High - Plarns These |nvest|gat-ons are useful because the sorls formed »‘
. in: parent materrals 5|m|lar to those of the Blackwater Draw Formatlon and are under
about the same brotrc and clrmatrc crrcumstances although the Blackwater Draw
. Formatron sonls were probably subjected to some cllmatrc changes The topograph&ic'
' srtuatrons_vary somewhat (dunes and draws in contrast to the otherwi‘se lbroad.' flat:
‘surface of the High Plains), but significant general comparison of- soil development seerns
' pos5|ble “ | | | ‘ - 7 | |
Finally, an attempt at absolute age control ‘was made by usmg TL datmg ‘
_techmques CTL dating has, at best, accuracy limits -of + 10 percent when applled"to
surtable deposrts such as eolian- sedrments (Wintle and Huntley 1’982),:' but can- prov‘ide'.

valuable minimum age estrmates for Quaternary sediments and sorls

» METHODS
A number  of natural and art|f|c1al exposures on the ngh Plams and Rolling Plains

" ‘were examlned as part of this mvestrgatlon On the ngh Plalns.the sites mcluded the
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type locality for the Blackwater Draw Formation (Lubbock County) and Blanco Formation
(Crosby County) and an exposure of the Tule Formation and associated ash (the "Tule
Basin” site. Swisher County). The Rolling Plains sites included three exposures of the
"'inlormally named Lingos Formation--two iniBriscoe County ("Smith Ditch” and "Henson
- Ditch”) and one in Hall County ("Tdrkey Railroad Cut™) (fig. 1). Soils developed on
eolian sedlments of the Lingos Formation were compared to and contrasted with soils
and sediments of the Blackwater Draw Formation Most were described using standard “
soil nomenclature (Soil Survey Staff, 1951, 1975; Guthrie and Witty, 1982) and most
horizons were sampled: : : |

The samples were subjected to a variety- of physical and chemical analyses (tables‘v
1 through 7) to better characterize pedologic development andvto obtain absolute ages.
Particle-size distribution (‘PSD) was determined by sieving sand-sized fractions and by
hydrometer analyses of organic‘ matter- and CaCO3—free silt- and clay-sized fractions
(Day, 1965). These analyses provide sedimentologic information and data on clay
acvcu'mulation in the B horizon, an important pedologic characteristic. Determination of
organic carbon (OC) content by ‘the Walkely-Black technique (Allison, 1965), and of
CaCO3 content by acid—netitralization techniques (U.S. Soil Salinity Laboratory, 1954)
were also made. These analyses ai_d in characterizing A horizon and calcic horizon
development respectively.

_ Compansons of certam aspects “of the Iaboratory data, such as carbonate content,
can aid in estimating duration of soil development (l\/lachette. 1985). The percent
carbonate per horizon is multiplied by the bulk de‘nsity (gm/cm3){of that -horizon. The
result is multiplied by the thickness of the horizon lf other calcic horizons are present
a in soil the same procedure is applied and a figure is derived providing total CaCO3 per
'cm3 column through the profile. In the study area, these data are available for the -
Holocene soils (Holliday. 1982) and can be calculated for the surface soils of the
Blackwater Draw Formation using bulk density data ofl\/lathers (1963).

A number of peds were ‘taken from the soil profiles for thin-section preparation and
micromorphological characterization of‘ the soils (followin'g the terminology of Brewer, |

1976)v. This analysis further characterizes and quantifies clay and carbonate accumulation
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in the soils which was accomplished using a technique developed by Holldiay (1982).
Point counts, usually 200, were made for each thin section. Presence or absence of clay
films (a pedogenic feature) around each counted quartz sand grain was recorded. Where
the clay film was present the percent of grain perimeter coated was estimated.
Thickness of the clay film was also determined by scanning across the slide and
measuring a random sample of 20 clay films. Weighted means were calculated for the
percent of the grains with argillans (clay films). the percent of the grain perimeter
coated with clay, and the clay film thickness for each soil. Particles of pedogenic
carbonate were also counted.

Field data collected from the profiles were manipulated to quantify profile
development. The field morphology rating scale of Bilzi and Ciolkosz (1977) was used
and the resulting values referred to as B-C values. This approach characterizes each
horizon, by color, texture, structure, and boundary characteristics. A single value is
obtained for each soil and better developed profiles have higher numbers. The B-C
values from the soils of the Blackwater Draw Formation can be compared with B-C
values from well-dated Holocene soils (Holliday, 1982) to estimate ages.

The various approaches to estimating duration of pedogensis involving total CaCO3
content, clay film characteristics, and the B-C values provide only minimum ages for the |
soils. There are several reasons for this. Many of the soils are sufficiently well
developed that they may have arrived at a "steady state” condition (Birkeland, 1984),
whereby they would show little change in their properties even though pedologic
processes are continuing. For example, through time more sand grains will acquire clay
films until all grains are completely coated. Clay will continue to accumulate in the B
horizon, but this may only be manifested in clay-film thickness or total clay content.
Total carbonate content provides a minimum age because the field data show that the
surface soils of the Blackwater Draw Formation had carbonate leached to considerably
greater depth than the position at which the CaCO3 is presently accumulating. Rates of
Holocene carbonate accumulation can only provide an estimate of the time since CaCO3
began to accumulate in the surface soils of the Blackwater Draw Formation. Moreover,

carbonate may have accumulated faster in the late Holocene than in the middle Holocene
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| (Holliday" 1982). Finally. the B-C values provide minimur ages becausei‘in addition to
: ,‘ the steady state effect the. Holocene soils with whlch the comparrsons are made ! -

' developed in a valley, and concentratron of water in the dralnage probably enhanced rates |
“of pedogenesrs In addition, the B-C values are best applied to complete sorI profrles and
many of the sorls of the Blackwater Draw Formatron are mcomplete  The A horrzons

are mrssrng from all but the surface 50|ls and C horlzons are seldom observed most
sections are a’ series of B horrzons stacked one on top of another. ,The B—C‘va_lue- is in
‘part‘ dependent on the number of horizons present' ' Soils‘with inCOmpl‘et’e profiles will
ihave lower B-C values than if complete profrles were present |
Samples for TL datrng of the Blackwater Draw. Formatron were also secured 'ln‘i
order to determme the surtabrlrty of TL technrques for datlng these sedrments control_
samples were collected from radlocarbon dated eolian sedlment and from the Blackwater
Draw Formation |mmed|ately below these dated sediments, at a locality in- Lubbock. A:
iserles of TL samples were then collected from the type Iocalrty for the Blackwater Draw
Formation. The samples were submrtted to Alpha Analytic, lnc., a commercral TL lab
Partrcles in the 4 to 11 micron range were extracted from the samples and analyzsed
Because much of the materlal rn thrs S|ze range Is rlluvral (due to pedogenesrs) resultlng l

ages are minima for the dates of burral by the overlyrng sedrments

~ SOIL STRATIGRAPHY | |
The soil stratigraphy of each of the examined sections is described in the following '
portion of this report..“_ ln‘dividual bu‘ried} soils are referred to based on their 'stratigraphic‘ ,
‘position below‘the sUrface following the designation of the descri‘ptions (eg‘ b1. ‘bv2 b3,
tables 1 through 7). The drscu55|on of the soils and their stratrgraphic significance

' is presented flrst for the ngh Plalns and then for the Rollrng Plams

_ ‘ ngh Plains ‘
Three localltles were examlned on the Hrgh Plams of whrch two,. ‘the Blackwater
Draw type sectlon and the Tule basrn exposure, were descrlbed pedologrcally and

sampled for laboratory analysrs The Blackwater type section was descrrbed because thrs

T
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~ was. not done when the‘formationfname was,‘proposed (Reeves, 1976) and because there

. appeared, to be at hleast Several buried soils in the sectiOn Exposed at the Tule basm

site are TuIe Formatlon lacustrrne sediments, the 06 m.y. Lava Creek ash, and

, terrestrial sedrments wrth -a soil buried by the ash At the Blanco Formatron type ‘
' sectlon the 14 m.y. Guaje ash overlies terrestrral ~sediments wrth a soil. Both the
\' | sedrments and the soil are |dent|cal to the sedlments and soils exposed at the type
-sectron of the Blackwater Draw Formatlon The ‘Tule and Blanco srtes then are

. rmportant to the geochronology of the Blackwater Draw Formatlon

"‘Blackwater Draw Formatlon Type Localrty
The type sectron of the Blackwater Draw Formatron is.in northern Lubbock County,
| due north of the crty of Lubbock anng a roadcut ‘on the west srde of Blackwater Draw
‘:'north[west] of [the town of] New Deal at apprommately N33°46’, W101°52 30" (Reeves
1976 Ly 219) (fig. 1). The exposure 5 about 10 m thick, with the modern Hrgh Plains
surface at the t0p and the Ogallala caprock calrche at the base (frg 10, table 1).
There are two. strrkmg features ‘about the type sectron its general homogeneity and

_the presence of a number of strongly developed buried sorIs The‘ overall color, texture, ‘
and structure of the sectron is relatrvely unrform On close |nspection howe'ver |t is
vapparent that the sectlon is composed of at Ieast four buried sorls in addrtron to the
modern: surface, soil (fig. 10).  The overall homogenerty of the sectron is because aII of

: the soils have‘about the same degree of pedogenic ex-pression' "reddish brown. color _':

' (SYR hues) moderate to strong prismatic structure with common frlms of |Huvra| clay on
| the ped faces, and Stage Il to Il calcic honzons (after Gile ‘and others 1966). No A or |
C horrzons are apparent other than the A horlzon of the surface sorl Pedologlcalfy the i
: ‘sectron rs |dent|ca| to the well- developed regronal surface sorls of the central portron of |
“the Southern ngh Plains: Paleustalfs and Paleustolls of the Amarillo- Acuff-Mansker sorI
assocratlon (Godfrey and others 1973) The sorl has a thlck reddlsh brown (5YR hues)
argillic horlzon (50 to 149 cm) and domlnantly coarse prrsmatrc structure Clay films are

"apparent on ped faces and" very common |n thin sectlon Below the arg_rllrc'hor'izon is a

: Stage NI calcic ho_rlzon ‘(149‘ to 290, cm). - The boundary between these horizons. is very




abiupt and subhorizontal. similar to a stratigraphic contact. Such an abrupt boundary is
typical of the regional surface soils and is considered to be pedogenic.  All
characteristics of thia higher indicate a very well developed soil. |
| Morphologically, the buried soile in the section are more strongly developed than the

surface soil. ~At least some portions of each profile exhibit 2.5 YR hues, more
continuous clay films on ped faces. higher percentage of clay films in thin section. and
an angular blocky structure. The bIocky‘structure IS apparently due ‘to higher illuvial
clay content (suggested by clay film content). |

The morphologies of the calcic horizons in the buried soils are somewhat similar to
one another but distinctly different from that in the surface soil.  The buried calcic
horizons are expressed as either patchy films and coats on ped faces, generally the
vertical faces, or as vertically oriented, root-like nodules about 1 cm thick. These
nodulee appear to follow the joints between prismatic peds and this éeneral mo_rpiiology
is sometimes informally referred to as "ladder structur/e"v carbonate. There is evidence
that calcic horizons :in the buried soils were more extensive but underwent dissolution.
The upper boundary of the Iadde'r—stiucture calcic horizons is commonly and nearly
always horizental and abrupt.  This suggeSts that the horizon was origin.ally similar to
the suiface—soil calcic 'horiz_on but was subsequently subjected to diséolution_ with
concentration of the carbonéte élong veins (ped faces?)' and as nodules. llluvial clay'is
very common in and on peds between carbonate nodules in the ladder—structure horizons,
but such clay is not apparent in the surface-soil calcic horizon. This would further
suggest that clay illuviation accompanied carbonate dissolution. |

Two K horizons were identified at the bottom of the section. The K2m is a
silicified netrocalcic horizon, probably the "caprock caliche” at the top of the Ogalliaia
Formation. The K1 above the K2m is a massive, nonindurated calcic horizon, probably
representing a build-up of carbonate due to the impermeable ‘nature of the underlying
pedogenic calcrete. |

There is one exception to the strong pe‘dogenic expression in the type section. At
the east end of the roedcut (Profile 5. fig. 10, table 1), on the floor of Blackwater

Draw, the surface soil is weakly developed, exhibiting an A-Bw-Btk profile with some
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,clay films’ apparent in thin section. Although the hues in this soil are 7.5 YR to‘5 YR,
it is not as Well developed as the others in the section because there are no clay frlms

on ped faces and the structure is weak. subangularm. and blocky.

Tule Basin Locality

This site is in Swisher County, 12 mi east—southeast of Tulia, on the south side of
Tule Canyon (fig.1). The locality is along a roadcut of FM 2301 and exposes ‘,finee
grained,‘ apparently eolian sediments containing the 0.6 my Lava Creek (formerly -
Pearlette 0) volcanic ash (lzett ‘and W_ilcox. 1982) overlying lacustrine sediments of the
Tule Formation (Schultz, 1977>)‘.‘ The eolian sediments containing the ash are considered
“to be the Blackwater Draw Formetion. By original definition, the "cover sands” (Frye
and Leonard, 1957) or Blackwater Draw ‘F‘orm'ation (Reeves. 1976) are those eolian
sediments- overlying the Tule Formatlon ‘ |

The Blackwater Draw Formatron is more than 4 m thlck in this exposure (table 2).
The upper ' 1.47 m of the section contam the well developed modern surface soil (a- Bt—
Bk horizonation with reddish-brown (7.5 YR) hues, moderate structural development. and
a Stage’ i cdlcic horizon)‘. There is also evidence of either a buried soi‘I or a formerly
- deeper surface profile from 67 to 147 cm (Btk2 horizon‘)‘ suggested by well-expressed Bt
: material below the calcic horizon. Soil development in the 170 to 275 cm’ zone. related
to either the surface soil or to the possibly buried soil noted previously. occurred in
material that probably contained;abundant volcanic ash. This is indicated by low bulk
density, massive structure, and some silica coatings. The zone of pure ash“ underlies  the
soil and varies in thickness from a feather edge to -about 30 cm. The ash buried about
90 cm of Blackwater Draw Formation, which also has a Well—developed soil with a Bt
horizon, 7.5 YR hues. moderate structural development. and a thin 'S‘tage I calcic

horizon.
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i Blanco Formatlon Type Sectron

The type sectlon for the Blanco Formatron IS in northern Crosby County on the ,
west side of Blanco Canyon (WhICh contams the White Rlver) The Iocahty is in a
: . roadcut of State Highway 193, about 1.2 km west of the intersection with State
,‘Hrghway 651 (fig.1). The Blackwater Draw Formatlon is about 5 m thick and rests on
- the lacustrme sedlments and pedogenic calcrete of the Blanco Formation. The 14 my |
‘»Guaje ash is exposed about 4 m below the surface wrthrn sedlments consndered to be
F the Blackwater Draw Formatlon (fig. 11) 7 | / |
o Several soﬂs are present in the Blackwater Draw Formatron at thls sectlon ~ Above ')
the ash there is the modern surface soil and apparently two buried soils. T'he surface
soil, at the west end of the roadcut au/a'y from the edge of the Blanco Canyon, is the
ty‘pical \nrell—developed surface soil of the region‘with a Bt horizon 5 ‘YR hues, iprvismatic |
: structure thm clay fllms commonly present on ped faces, and a Stage 111 calcic horlzon
‘_‘The upper boundary of the calcic horizon, whlch is abrupt and somewhat erosmnally
're5|stant persists toward the eastern end of the sectlon where the the upper part of the ‘.
proflle is eroded and the calcrc horlzon of the flrst burled sorl is exposed as a Iedge ‘
~ former near the surface (flg. 11)_. The two buned soils. above the ash are composed of
Bt and Stage 11 calcic horizons with morphologles |dent|cal to the surface. sorls The
calcnc horizon of the surface sorI apparently developed in the upper Btbl of the flrst
buned soil, the calcic horizo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>