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CHAPTER I 

INTRODUCTION 

Statement of the Problem 

A major obstacle to reconstructing the Permian history 

of west Texas and New Mexico Is the explanation of a thick clastic 

sequence in the Delaware basin which is surrounded by platform 

carbonates. Hypotheses such as wind transport and deltaic accumula-

tion have been proposed to explain how the clastics were deposited. 

King (19^8), Nevell and others (1953), Hull (1957), and Adams 

(1965) invoked turbidity currents to account for much of this 

clastic sequence. 

ûne member of the basinal section, the Cherry Canyon sand-

stone tongue, is exposed ten or more miles shelfward of other basinal 

deposits. Because of this Juxtaposition with units of the shelf 

sequence, the Cherry Canyon tongue forms an important marker for 

correlation from shelf sediments, through mea'ginal deposits, into 

the basinal section. 

Previous workers interpret the Cherry Canyon tongue as 

a shallow water wedge deposited on the shelf when the Delaware basin 

filled with sediment in late Brushy Canyon and early Cherry Canyon 

time. Simllarity of the Cherry Canyon tongue to deep water basinal 

deposits of the Brushy Canyon (St. Germain, I966) and Bell Canyon 

formations, and the absence of fluvial, intertidal, and shallow water 



features such as beach, surf-zone, and infra-surf-zone depoeits 

(Jacka, 1965), indicates the existing interpretation is incorrect. 

Hayes (196U) postulates that the aource of the sandstone tongue 

of the Cherry Canyon Is south rather than to the north as suggested 

by King (19^2, l^^+^), Newell, et al. (1953), and Hull (1957). 

Because of the relationship of the Cherry Canyon tongue to 

shelf and basinal deposits it may be a key to explaining hov sand 

was intrc^uced into the basin and to a more complete understanding 

of Permian basin depositional history. 

Purpose and Scope 

The purpose of this thesis is to study and to describe the 

Cherry Canyon sandstone tongue, subjacent and superjacent units 

exposed in Last Chance Canyon, Eddy County, (Figure l) New Mexico, 

and to interpret depositional environments. The depositional en-

vironments are inferred from 1) stratigraphic relations within 

the Cherry Canyon tongue and subjacent and superjacent formations, 
w 

2) primary depositional structures within each rock unlt, 3) 

fauna and its distribution within each unit, k) directional data, 

and 5) texture. 

Location 

Exposures studied in the field occur along the walls of 

Last Chance Canyon and three tributaries; Wilson, Gilson, and 

Sitting Bull Canyons. Last Chance Canyon is one of numerous 
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Figure 1. Topographic map of Guadalupe and ûelware Mountains shoving 
the general area of this thesis. (Adapted frooi West Texas, 
Hobbs, and Roswell Geological Societies 1962 Guidebook) 



consequent erosional canyons developed on the east side of the Guada-

lupe Mc3untains, a northeastward tilted plateau. Exposures studied 

lie in the southern portion of T. 23 S., R. 22 E., and the northern 

part of T, 21* S., R. 22 E., of southwestern Eddy County, New Mexico. 

Geologic Setting 

The thesis area straddles the northwest margin of the Delawsure 

basin, a late Paleozoic structural feature which formed in Late 

Mississippian time. During Pennsylvania time rapid subsidence of 

the Delaware basin, wlthout accompanying strong uplift in adjacent 

areas, formed a deep basin in which only a thin veneer of sediments 

accumulated (Adams, I965, p. 21Í+U). (Figure 2). Marine carbonates 

and clastics were deposited on the shallow northern and northwestern 

marginal shelves. In Early Permian time the Delaware basin, ovoid 

în shape, was outlined by several prominent structural elements. It 

was approximately I30 miles long in a northwest-southeast direction 

and about 80 miles wide. On the east a medial ridge, the Central 

Basin platform separated the Delaware and Midland basins, and the 

Diablo arch constituted the western margin. The Star Mountain 8u:ch 

formed as a structural spur extending southeast from the Diablo 

arch. On the south the MarcUbh(3n Mountains extended almost to the 

Star Mountain arch (Adams, I965). On the northeast, north, and 

northwest a broad shelf existed. 

In contraøt to the thin Pennsylvanian sediments in the Delaware 

basin the Lower Permian (Wolfcampian) sediment thickness exceeda 80OO 
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Figure 2. Delaware and Tobosa basins. (After Adams, I965) 



feet and consists predominantly of clastics. The clastics were 

'ived from the newly elevated areas on the eastern, western, and 
A 

southwestern margins. Several wedges of coarse sandstone appear to 

have been spread from the west almost entirely across the basin, 

probably by turbidity flows (Adams, I965). On the northeast, north, 

and northwest, carbonate sediments accumulated on the shelf. 

During Leonardian time broad shelves on the west, north and 

east margins of the basin were sites of evaporite deposition. Heefs 

bordered the limestone shelves which developed on the Central Basin 

platform, the Diablo arch and the Star Mountain arch. Over UOOO 

fee t of dark l imestone, sha le , and fine-grained sandstone accumulated 

in the Delaware basin, probably as deep-water c l a s t i c depoeits (Adams, 

1965). 

Upper Permian rocks of the Delaware basin consist of the 

Guadalupian and Ochoan Series. During Guadalupian time reef-bordered 

limestone shelves surrounded the basin and the upward grcTwth of these 

reefs accentuated the relief between the shelves and basin (Adams, 

1965). Evaporite lagoons developed behind the reefs. Deposits 

within the basin consist of sandstone, siltstone, minor amcunts of 

shale, and some basinward thinning limestone wedges. 

Permian shorelines are not definitely known. Many of the 

deposits are red beds and may be of deltaic or tidal-flat origin. 

Except possibly on the south, in front of the Marathon Mountains, the 

shorelines were a hundred or more miles from the Delaware basin. 

Tanner (1963) from a study of the Permian section in northem 



New Mexico finds nearshore features in deposits of Wolfcampian to 

Guadalupian age extending from near Trinidad, Colorado, south to 

near Las Vegas, New Mexico, west to the vicinity of Santa Fe, and 

then south or southwest past Albuquerque. This shoreline is over 

200 mlles north-northwest of the late Guadalupian Capitan reef ex-

posures in the Guadalupe Mountains. 

Ochoan deposits are primarily evaporites and are interpreted 

as a resulting from Guadalupian reef growth eventually closing a 

narrow strait to the open sea (Adams, 1965^ p. ^lkj) between the 

Star Mountain arch and the Marathon Mountains, and saline cieposits 

accumulated to a thickness of ^OOO feet in the Delaware basin. 

Thick accumulation of sediments essentially ceased with the close 

of the Permian. About 1000 feet of Upper Triassic terrestrial 

deposits were superimposed upon the Ochoan sequence and during the 

early Cretaceous (Commanchean) a thin layer of marine limestones and 

sandstones were spread across the area. During the Tertieury and 

Quaternary, the western margin of the Delaware basin was faulted and 

uplifted to form the Guadalupe and Delaware Mountains. The overlying 

Cretaceous, Triasslc, and Ochoan sediments were stripped from the 

Guadalupe and Delaware Mountains. 

Summary of Stratigraphy 

The approximately 65O feet of rocks exposed in Last Chance 

Canyon range from latest Leonard and/or earliest Gua(ialupe to medial 

Guadalupe. Presence of the deep Delaware basin surrounded by shelves 

vith fringing reefs, had a profound effect upon sedimentation. Therefore 
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rocks of the area are commonly divided into basinal, marginal, and 

shelf sequences. Figure 3 is a correlation diagram of Permian 

rocks in the western portion of the Permian basin (Newell, ejt al. 1953) 

Figure U is a geologic map of the Last Chance Canyon area (Háyes, 1959). 

Upper Leonardian and/or Lower Guadalupian 

The oldest beds exposed in Last Chance Canyon are those of 

the San Andres Formation which was named by Lee (1909, p. 12) 

for the San Andres Mountains. The San Andres Formation was reduced 

to a member of the Chupadera Formation by Darton (1922, p. I81), but 

Needham and Bates (19^3, p. 166U-66) redescribed and raised it to 

formational status. 

The San Andres, mainly limestone and dolomite with a few 

thin sandstones, has been informally subdivided into a lower cherty 

member and an upper non-cherty member by Skinner (19̂ 4-6, p. 1864). 

Boyd (1958, p. 23), and Hayes (1959, P. 2199 and 1964, pl. l) 

recognized the same subdivision. The San Andres Formation is 

approximately 1200 feet thick (Hayes, 1964, p. 25) on the Algerita 

Escarpment west of Last Chance Canyon. The upper and lower members 

have about equal thickness there. 

Lower San Andres 

Only the upper part of the lower member of the San Andres 

is exposed in Last Chance Canyon. In Last Chance Canyon it consists 

predominantly of cherty limestones and dolomitic llmestones. 



Local ly , calcareous, f ine to medium-grained sandstones and sandy 

limestones are present. Individual beds range from a fev inches 

to 25 feet in thickness. Chert is common, especially in the carbonate 

beds as silicified fossils, nodules, stringers or thin irregular beds 

or seams. Chert is much less common in the sandstODes. Fossils 

in the sandstones, gastropods, crinoids, pelecypods, fusulinids 

and brachiopods, often occur as molds at the base of a massive unit. 

Individual beds have little lateral continuity. They may 

thin or be truncated within a few feet or a few hundred feet. Truncat-

ed beds are visible in Last Chance Canyon opposite the mouth of White 

Oaks Canyon, euid in the base of Last Chance Canyon about one-half 

mile above the mouth of Sitting Bull Canyon. In the base of Last 

Chance Canyon a thin-bedded limestone is partially truncated and 

overlain by a massive dark-gray conglomeratic lime-mudstone. The 

top of that unit is very irregularly bedded. Earlier investigators 

such as Darton and Reeside (1926), Skinner (19^6), Boyd (l955, 1958), 

and Hayes (l959, 19^4), have noted the increase in sand content, 

erratic dips, lateral discontinuity of beds, truncation and uncon-

formities in the Last Chance Canyon area compaured to equivalent 

rocks farther northwest. 

The lower part of the lower San Andres is not exposed in 

Last Chance Canyon. Along the Algerita Escarpment to the west the 

San Andrea is underlain conformably by the Yeso Formation. The lower 

San An(ires is overlain in the Last Chance Canyon area by sandstones 

correlated with the tongue of the Cherry Canyon Formation ea^t of 
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the mouth of Wilson Canyon, whereas farther west it is overlain by 

the upper member of the San Andres. Hayes (l959, p. 2204) reports 

the presence of Parafusulina boesei var. attenuata in the lower 

cherty member near the mouth of Wilson Canyon. Wilde (letter, dated 

March 25, I966) reports the fusulinid Parafusulina cf. Pj_ boesei from 

a unit in Last Chance Canyon which indicates an age equivalent to the 

Brushy Canyon Formation of early Guadalupian age. 

Middle Guadalupe 

In the Last Chance Canyon area the upper San Andres, Grayburg, 

Queen and the sandstone tongue of the Cherry Canyon Formation are 

generally considered to be medial Guadalupian in age. Upper San 

Andres carbonates are interbedded with sandstones of the Cherry 

Canyon tongue. The Grayburg overlies the San Andres and forms 

ledges in the upper walls of Last Chance Canyon. The Queen Formation, 

which overlies the Grayburg, is exposed east and south of the area 

of interest and will not be discussed. 

Sandstone Tongue of the Cherry Canyon Formation 

The rocks in Last Chance Canyon referred to the sandstone 

tongue of the Cherry Canyon were first correlated with basinal^sand-

stones by Darton and Reeside (I926, p. 426). King (1942, Fig. 7) cor-

related the sandstones in Last Chance Canyon with the sandstone tongue 

of the Cherry Canyon that was found exposed on the western face of 

the Guadalupe Mountains. Beised upon lateral and vertical stratigraphic 



13 

relationships, similarity of lithology, and fossils, this correlation 

has been generally accepted (Roswell Geological Society, 1951; 

New Mexico Geological Society, 1954; Boyd, 1958; and Hayes, 1959 and 64) 

Near the mouth of Sitting Bull Canyon in Last Chance Canyon 

Hayes (1959, P. 2206) measured 264 feet of Cherry Canyon tongue. The 

Cherry Canyon tongue consists of sandy siltstone to silty very fine-

to fine-grained grayish-orange sandstones. Intercalated with the sand-

stone are thin to massive beds of limestone and layers consisting 

predominantly of fusulinids. Scattered, irregular chert nodules 

and silicified fossils are abundant in the sandstone and within the 

carbonate units. Near the mouth of Sitting Bull Canyon in Last Chauice 

Canyon the sandstone tongue of the Cherry Canyon overlies the lower 

member of the San Andres Formation. To the west, near the mouth 

of Roberts Canyon, the upper member of the San Andres overlies the 

lower San Andres. 

Individual beds within the sandstone tongue of the Cherry 

Canyon range from thin-bedded, parallel laminated beds to homogenous 

intervals 50 feet thick. Some of the massive beds contain abundant 

ceurbonaceous matter which gives a dark-gray color on a fresh surface. 

Other beds may be clean, fine-grained sandstones. Individual beds 

are lens-shaped. Most beds have been reworked by organisms. Some 

fusulinids and sandstone beds are strongly current-rippled. Numerous 

channel fills are present. 

Upper San Andres Formation 

The upper member of the San Andres Formation in the Last 
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Chance Canyon area is thin, ranging in thickness from 50 to 100 feet. 

It consists of medium to thick-bedded, light gray, non-cherty lime-

stone and dolomite beds. Most beds are lens-shaped and exposed only 

for short distances. The deposits consist of large channel fills. 

In transverse views, axial portions of channels appeeLT massive 

while the flanks are thinly bedded. Some beds contain abundant 

fusulinid molds and some beds silicified fusulinids and brachiopods. 

Other beds appear to be calcarenites with few or no fusulinids. 

Locally, conglomeratic lime-mudstones are present. 

Near the mouth of Roberts Canyon the upper member of the San 

Andres overlies the lower member of the San Andres. From Roberts 

Canyon eastward sandstones of the Cherry Canyon tongue are interbedded 

with the carbonates of the San Andres. The intercalated carbonates 

of the San Andres are lens-shaped and consist of axial massive lime-

stone or dolostones flanked by thin beds of similar material. Basal 

portions of massive units commonly contain molds of gastropods, 

pelecypods (rare), brachiopods, and crinoid stems. 

The boundary between the Cherry Canyon tongue and upper 

San Andres carbonates is marked by a gradual lithologic transi-

tion from sandstone to dolomitic sandstone, sandy dolostone, aná. 

dolostone. Carbonates of the San Andres contain chert nodules similar 

to those of the Cherry Canyon. 

Grayburg Formation 

The Grayburg Formation is exposed in the upper ledges of 
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Last Chance Canyon and over the surface of much of the surrounding 

area. It was originally described as a subsurface unit by Dickey 

(1940, p. 44-45) vho designated a type well. Moran (l954a, 1954b, 

1962, p. 76-86) proposed a surface type section near Last Chance 

Canyon. Hayes and Koogle (1958) accepted the top of the Grayburg 

as proposed by Moran but restricted the base to exclude the lower 

50 feet which they interpreted as the San Andres. 

The Grayburg Formation is about 435 fe6t thick in the thesis 

area. Most of it is thin-bedded, fine-grained, grayish-orange 

dolomite interbedded with very fine-grained, orangish-gray or very 

light gray-weathering sandstone and siltstone. The basal 75 feet 

of the Grayburg contains several distinctive current rippled sand-

stones and dolomitic sandstones which form prominent ledges. The 

maximum thickness of any unit is I5 feet. 

Structural Geology 

The major structural elements of the western margin of the 

Permian basin are indicated on Figure 5. The principal feature of 

the thesis £u:ea is the Guadalupe Mountain uplift of Late Cenozoic 

age. This uplift is bounded on the east by the Huapache monocline 

and on the west by a zone of nearly en echelon normal faults. The 

southeast margin of the Guadalupe Mountain uplift coincides with the 

Capitan reef escarpment. South of the Capitan reef escarpment the 

Delaware Mountains may represent continuation of the seune structural 

elements that define the Guadalupe Mountains, although the eastern 


