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Sedimentology of the Cutoff Formation (Permian)

Western Guadalupe Mountains, West Texas and New Mexico
Mark T. Harris

The Cutoff Formation records a complex history of basin
facies deposition and efosion in latest Leonardian and ear-
liest Guadalupian time. It is commonly 60 to 80 meters
thick, and predominantly a fine-grained, dark, slightly ar-
gillaceous limestone, locally silty. The Cutoff strata ex-
posed along the north-south trending western escarpment of
the Guadalupe Mountains overlie a 3 kilometer wide shelf
margin that had a depositional relief from shelf to basin
of about 300 meters. This shelf margin faces the Delaware
Basin to the south-southwest and was the site of erosion and
deposition during Cutoff time.

Due to post-Cutoff, early Guadalupian erosion, the Cut-
off strata occur in three discontinuous areas: shelf, shelf
margin, and basin. Correlation from one area to another
has long been problematical. In this study more certain
correlation from shelf to basin was established by the rec-
ognition of five correlative units which occur within the
Cutoff in an upward vertical succession: 1) black, medium
bedded, laminated td non-laminated, cherty lime mudstone
(generally absent along the shelf margin due to intrafor-

mational erosion); 2) dark gray to brown, very thinly




bedded, finely laminated, interbedded lime mudstone and
shale; 3) dark gray, laminated to non-laminated, medium
bedded lime mudstone in laterally continuous beds; 4) inter-
bedded lime mudstone-shale; 5) dark gray, medium bedded,
laminated to non-laminated lime mudstone, beds are laterally
discontinuous. Northward across the shelf 10 kilometers at
the type section (Cutoff Mountain), the middle three units
lose their distinctiveness, and the upper limestone (Unit 5)
grades into medium gray lime mudstone with a few thin
wackestone layers.

Modern anoxic models (Byers, 1977) have not been pre-
viously applied to the Cutoff strata. The distribution
pattern of rock types, laminations, and fauna (primarily
brachiopods) indicate the Delaware Basin was an anoxic basin
with a deep sill (about 400 meters depth) during deposition
of the Cutoff strata. The basin environment was anaerobic
(oxygen absent), and the shelf margin was dysaerobic (low
oxygen) throughout Cutoff deposition. The shelf environ-
ment was initially dysaerobic but 1ater‘aerobic (abundant
oxygen), possibly by sediment accumulation raising the
depositional surface. Based on the interpretations of the
anoxic models, I infer an initial shelf depth of 65-85
meters for Cutoff deposition.

The lower and upper contacts of the Cutoff Formation

are interpreted as submarine unconformities (Pray, 1971)
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which extend from shelf to basin. The surface between lower
and upper Cutoff strata is another, possibly widespread
submarine unconformity. The truncation along the upper un-
conformity causes the discontinuous distribution of the
Cutoff strata along the shelf margin. The maximum trunca-
tion of underlying strata (300 meters) occurs along the
shelf margin at the lower unconformity. This femoval
occurred by submarine erosion, apparently at a time of shelf
subsidence. Steep, spoon-shaped "half-channels" (Pray,
Crawford, Harris, and Kirkby, 1980) are enigmatic features
along the unconformities which truncate at least 100 meters
of strata at the shelf margin. These surfaces are general-
ly oriented nearly parallel to the shelf edge.

Within the Cutoff are numerous, less persistent erosion
surfaces. These are smaller, basinward-oriented channels
ranging from broad (200-meter wide), flat-sided surfaces to
narrow (1l0-meter wide), steep-sided features. Channel fills
are generally intraclastic rudstone, megabreccias, and
lutites, but skeletal rudstone and sandstone also occur.

The clast lithologies suggest as their source both under-
lying units (Victorio Peak Formation and Bone Spring
Limestone), and lithified Cutoff strata. The upper part of
the shelf margin is believed to have been an area of
episodic erosion throughout Cutoff time and may have been

the source area.




The relationships of channel fillings and erosion sur-

faces indicate that Harms' (1974) model of basin sedimenta-
tion by density-driven interflows can be applied to deposi-
tion of the Cutoff strata.

The age of the upper Cutoff Formation is Guadalupian,
based on fusulinids. I suggest that the lower Cutoff
Formation may be Leonardian, based on the lack of
Guadalupian fusulinids and the unconformity separating it

from the upper Cutoff strata.
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INTRODUCTION

"Nature loves to hide."
Heraclitus

Purpose and Scope of the Project

This study is an investigation of the sedimentology of
‘the Cutoff Formation of middle Permian age of the western
Guadalupe Mountains of West Texas and New Mexico. Work con-
centrated in a 16 kilometer-long area which extends from
shelf to basin. The transition from shelf to basin is ab-
rupt and has a relief of 300 meters over a distance of about
3 kilometers. It occurs in the southern third of the study
area. The Cutoff strata, consisting mostly of dark gray
limestones and shales, has been the subject of much con-
troversy. Wilde and Todd (1968) summarize the situation:
"Perhaps no other rock unit in the Trans-Pecos region of
Texas has attracted so much attention and controversy as

the Cutoff Formation, yet it is one of the least imposing
rock bodies in the region." The formation is well defined
in the ‘shelf area but basinward correlations have long been
disputed. Generally fine-grained, the Cutoff was once
termed the '"Cutoff Shale" (King, 1965) but it is largely
limestone, and also contains spectacular carbonate mega-
breccias. It also has abundant erosional features. Little
was known about the distribution, abundance, and details of

these sedimentologic and erosional features because of the




lack of detailed study. Further, the precise age of the

Cutoff was uncertain due to problems in understanding the
Cutoff rather than lack of faunal evidence.

The most detailed observations prior to this study were

those of the Marathon 0il Company Research Group (McDaniel,

Pray, Harms and others) in the early and middle 1960's.

They concentrated on the underlying strata but made major
advances in understanding the Cutoff. Unfortunately this |
work was only published in incomplete form. This and fur- %
ther work by Pray has highlighted the need for further

study.

The major research questions addressed here are:
1) What basin rocks correlate to the shelf Cutoff? How can
this be proven?
2) Do the fine-grained rock types change from shelf to
basin? If so, how, and why?
3) What is the distribution and origin of channel and

scour phenomena?

|
\
1
4) What is the age of the Cutoff?
For this investigation a series of 14 stratigraphic sec-
tions of the Cutoff Formation was measured and described a-
long the west escarpment of the Guadalupe Mountains along a
trend nearly perpendicular to the strike of the shelf mar-

gin. The lithologic pattern established allows evaluations

of previous correlations, environmental suggestions, and




models of depositional processes.

Contributions of this Study

This study is a major contribution to the understanding
6f the depositional and erosional events in Cutoff time.
It is to my knowledge, the first detailed study of the
Cutoff Formation from shelf to basin. The major findings

are outlined below and will be fully discuséed in this re-

port.

1) Recognition of a vertical succession of five lithologic
units within the Cutoff Formation. These form a drape
over the shelf, shelf margin, and basin. The fine-
grained rock types are suspension deposits, probably in
part from density interflows. The distribution and se-
quence of rock types are best explained with an anoxic
basin model. |

"2) Confirmation of the previoﬁs correlation of Cutoff
strata from the shelf to the basin, correlations which
were first suggested by the Marathon group, and par-
tially recognized by earlier workers.

3) A detailed analysis of channel fillings and distribution
of scour features within the Cutoff Formation.

4) Confirmation of upper and lower contacts as submarine
unconformities (Pray, 1971) which slopé basinwards 5-10°
at the shelf margin.

5) Clarification ofvthe stratigraphy, indicating that most




of the Cutoff is of Guadalupian age, as previously sug-
gested by Wilde (Wilde and Todd, 1968) based upon his
study of the sparse fusulinids. The lower Cutoff

Formation is considered to be of Late Leonardian age.

Field Area

Location |

The Guadalupe Mountains are carved from an uplifted
block of Permian rock located at the northwest end of the
Delaware Basin,and the adjacent Northwestern Shelf (Fig. 1).
They form a broad V-shaped range opening to the north. The
west escarpment exposures studied extend for 16 kilometers
southward from the New Mexico-Texas line. These exposures
trend at an oblique angle across the basin edge (Fig. 2).

Accessibility

The west escarpment study area is located within the
Guadalupe Mountains National Park. Most of the area can be
reached on game trails from the Williams Ranch site (Fig. 3).
High clearance vehicles are required to reach this site.

The neéfest city, Carlsbad, New Mexico, is 112 kilometers
away by paved and dirt roads. The Cutoff Mountain section
can best be reached by private ranch roads (permission re-
quired) from Dell City, Texas, followed by 3.2 kilometers
of cross-country hiking (see appendix 1 for road log to

Cutoff Mountain.
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Geography

The west escarpment is the surface expression of the
Border Fault Zone (King, 1948). The escarpment rises from
about 1400 meters to a maximum elevation of 2667 meters at
Guadalupe Peak. The Salt Flats, a playa, are to the west
about 10 kilometers at an elevation of 1100 meters. The
study area is characterized by steep to vertical slopes be-
tween the elevations of 1525 and 2135 meters. The major
peaks and canyons mentioned in this report are indicated in
figure 3. The Cutoff Formation outcrops are in the lower
500 meters of the escarpmeht.

The climate is semi-arid. No running water is avail-
able in the study area. Vegetation is that of the
Chiluahuan Desert. Prior to the 1940's the area was used
for livestock grazing but overgrazing resulted in the pre-
sent greasewood-lecheguilla flora. Areas within the
National Park are slowly beginning to return to their ori-
ginal condition.

Structural Setting

The Guadélupe Mountains are a gently tilted, east-
northeasterly dipping fault block bounded on the west by a
zone of Cenozoic age high-angle’nprmal faults. This zone is
the Border Fault Zone, named by King (1948). It has an off-
set of approximately 1200-1500 meters, downthrown to the

west. This fault zone trends north-northwest to




south-southeast, slicing across the shelf margin at an
oblique high-angle. Leonardian and Guadalupian rocks are
well exposed along the scarp east of the fault zone. The
strata have been but little deformed by faulting making them

well suited to this study.

Field work and laboratory methods

The author was first introduced to’the Guadalupe
Mountains during a field trip in early November, 1978 with a
group from the University of Wisconsin-Madison led by Dr.
Lloyd Pray. The summer of 1979 and three weeks of January,
1980 were spent along the west escarpment doing field work.
During this time 14 stratigraphic sections (plates 1-14)
totalling 481 meters were described and plotted with
accessory curves using Brunton compass, tape, and eye;
leveling techniques. (Symbols and accesory curves are ex-
plained in appendix 2.) Generally stratigraphic sections
were located along gullies and steep canyon walls for maxi-
mum expgSure. Lateral correlationskwere walked out where
feasiblé and photo mosaics of canyon walls were made to por-
tray lithologic relationships. A geologic map (Fig. 4)
along the trend of the Cutoff éutcrop was constructed on a
1:12,000 scale topographi¢ base map.

Representative samples of the rock types in the Cutoff
were examined in Madison to check field descriptions.

Polished slabs (100), thin sections (100) and insouble
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residues (25) were examined.

Carbonate rock names follow Dunham's (1962) classifica-
tion according to depositional texture including modifica—
tions by Embry and Klovan (1971) for rocks of coarser tex-
turesﬁ Terms for bedding and lamination thickness follow
Ingram (1954). See appendix 3 for terminology of rock types,
bedding, and lamination.

The specimens figured in this report are deposited in
the Geology Museum repository, Department of Geology and
Geophysics, University of Wisconsin, Madison, Wisconsin

53706. The collection number is UW 1719.
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STRATIGRAPHY
'"The world is the geologist's great puzzle box.'
Agassiz

At the surface in the Guadalupe Mountains (Fig. 5) the
Cutoff Formation unconformably overlies the Leonardian-age
Bone Spring Limestone and Victorio Peak Formation, and is in
turn overlain by the sandstones of the Brushy and Cherry
Canyon Formations of the Delaware Mountain Group (King,
1948). Laterally the Cutoff grades shelfward into the lower
San Andres Formation (Boyd, 1958), and basinward the Cutoff
disappears from view into the subsurface of the Delaware
Basin. In the subsurface the Cutoff strata can be tenta-
tively traced throughout the Delaware Basin but may be con-
fused with a basal shale in the Brushy Canyon Formation
(Wilde and Todd, 1968). Other regional surface correlations
will be discussed below.

The Cutoff strata of the shelf area are consistently
60 to 80 meters thick and composed of lime mudstone and
siliceous shales. Shelfward these grade into the lower San
Andres Formation through a transition zone 19 to 23 kilo-
meters north of the shelf break (Boyd, 1958). Field rela-
tions north of Bone Canyon indicate the Cutoff was deposited
across 300 meters of depositionai relief at the 3.2 kilo-
meter wide shelf margin (McDaniel and Pray, 1967). At this

shelf margin post-Cutoff erosion has thinned the Cutoff
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strata to a maximum preserved thickness of 46 meters and
locally removed all of it. The formation is here composed
of lime mudstone, siliceous shale, and minor breccia lenses.
The Cutoff strata of the basin are of the same iithologies
as at the shelf margin, but thicken to an estimated 110
meters at a distance of 2 kilometers south of the toe of

the slope.

Lower and upper Cutoff Formation

This study divides the Cutoff Formation into lower and
upper Cutoff. This terminology is derived from King's
(1948) recognition of a '"lower unit of the Cutoff" in the
shelf margin érea (Shumard Canyon). This study laterally
extends the lower Cutoff to include strata of the shelf and
basin. This correlation is based on lithologic similarity
to the distinctive lithology of the lower Cutoff (black,
cherty lime mudstone) and on the occurrence of a pre-

Cutoff unconformity which cuts into the Bone Spring
Limestone and Victorio Peak Formation. The lower Cutoff's
upper surface is a major intraformational unconformity. The
upper Cutoff forms 80-90% of the Cutoff Formation, and over-
lies the lower Cutoff and Victorio Peak Formation.

Lower Cutoff Formation

The lower Cutoff Formation is composed of black, cherty
lime mudstone with minor (<5%) amounts of other lithologies

restricted to channel fillings. Within the Cutoff
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Formation the black, cherty mudstone is restricted to the
lower Cutoff strata. The rock types are described in the
sections on rock types. Because the extent of the lower
Cutoff strata has not been previously recognized, it is dis-
cussed below.

On the shelf the lower Cutoff thins from 3 meters at
Cutoff Mountain (section N) to a pinchout 8-81 kilometers
to the south between Bush Mountain and Bartlett Peak.

Where well exposed at Cutoff Mountain, the upper surface of
the cherty mudstone is undulatory due to a low-angle trun-
cation surface. In sporadic exposures the thickness of the
mudstone varies between 1 to 3 meters, because of the dif-
ferential erosion along the undulatory surface. The dis-
appearance of the cherty mudstone southwards on the shelf
may also be related to this erosion surface.

In the shelf margin area the cherty mudstone is only
recognized in Shumard Canyon (section J) where it occupies
a 30 meter deep channel cut into the underlying Victorio
Peak Formation. This channel fill was first recognized by
King (1948) who separated this 1lens from the rest of the
Cutoff, terming it the "lower unit of the Cutoff". The
cherty mudstone which fills this channel has been sharply
truncated by a smooth erosion surface, probably correlative
with the undulatory surface on the shelf.

In the basin the cherty mudstone reappears south of
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|
Bone Canyon (sections A, B, and C) as a basinward thick-
ening wedge with a smoothly truncated upper contact. This
equivalent of King's lower unit of the shelf margin has not
been previously recognized, probably because it is litho-
logically very similar to the underlying Bone Spring Lime-
stone. However,Lloyd Pray and I were able to unambiguously
follow the Bone Spring-Lower Cutoff contact for 0.4 to 0.8
kilometers south of Bone Canyon (and I traced it with less
certainty another 0.8 to 1.5 kilometers farther south)
where at the base of the escarpment, it disappears from view
into the subsurface.

The contact between the Bone Spring Limestone and

lower Cutoff is placed at the unconformity at the base of
the Cutoff. Similarly the upper surface of the cherty mud-
stone 1s an uncbnformity. This intraformational unconform-
ity is sharp. It truncates bedding (Fig. 13) and has re-
duced the distribution of the black, cherty mudstone to its
present abbreviated extent. The cherty mudstone is inferred
to have originally covered the entire shelf, shelf margin,
and basin area studied prior to this erosional episode.
These unconformity surfaces serve to bound the lower Cutoff
(which includes the cherty mudstone and minor associated
rock types).

Upper Cutoff Formation

The upper Cutoff strata of the shelf area are




consistently 60 to 80 meters thick and composed of lime mud-
stone and siliceous shale. At the shelf edge these strata are
abruptly truncated by a post-Cutoff erosional surface. In
the shelf margin area the upper Cutoff consists of lime mud-
stone, siliceous shale, and minor (<5%) breccia lenses, and
has a maximum thickness of about 50 meters. These strata are
also truncated by a post-Cutoff erosion surface. The upper
Cutoff strata of the basin are of the same lithologies as at
the shelf margin but thicken to an estimated thickness of

110 meters at a distance of 2 kilometers south of the toe of
slope in Bone  Canyon. The upper surface of the Cutoff strata
in the basin is truncated by a very low angle (1-5°) undula-
tory surface. This post-Cutoff erosional surface is probably
correlative to the surface which truncates the upper Cutoff
strata of the shelf margin. The strata generally thickens
basinward (to the south) below the surface as it disappears
into the subsurface. The distribution of the Upper Cutoff
Formation is more fully discussed below after discussion of

its lithologies.

Previous Work

Evolution of a stratigraphic framework (1504-1948)

The term "Cutoff' was first used by King (1942) for
rock bodies in the Guadalupe and Sierra Diablo Mountains.
This recognition was the final step of 40 years of finer and

finer subdivisions of the Permian rocks of the Delaware
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Basin region (Fig. 6). The process began with Richardson's
(1904) simple column and culminated in King's masterful
synthesis (1948) which firmly established a detailed stra-
tigraphy.

King's original description (1942) of the Cutoff is
as follows:

"At the north end of the Sierra Diablo, east of

Sierra Prieta, the Victorio Peak gray member is

separated from the overlying sandstone tongue of

the Cherry Canyon formation (Delaware Mountain

group) by several hundred feet of buff, dove-

gray, to black, thin-bedded limestones and

siliceous shales. The limestone weathers

characteristicly into angular, hackly fragments.

The beds are termed the Cutoff shaley member of

the Bone Spring Limestone... A characteristic ex-

posure 1is found near the Texas-New Mexico line on

the west face of Cutoff Mountain, from which it

is named."

A generalized type section and its precise location were in-
cluded in King (1948).

King noted many features central to this author's in-
terpretations. He recognized the unconformable nature of
the upper contact: '"The Cutoff member is assigned to the
Bone Spring limestone because 2 miles north of Bone Spring,
the beds are truncated and overlain unconformably by the
Delaware Mountain Group" (King, 1942). The unconformable,
channeled nature of the lower contact (including a deep
channel cut into the underlying Victorio Peak) was also

recognized (King, 1948). The erosional events and strati-

graphic relationships at the shelf margin, combined with
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some disruption of the bedding by the Cenozoic faulting, led
King (1948) to postulate the existence of a "Bone Spring
flexure'". This flexure was believed to be parallel to the
Basin edge (southwest-northeast), cross-cutting the escarp-
ment north of Bone Canyon. South of this flexure, King's
correlations of the Cutoff into the basin were tentative

due to removal of the Cutoff strata along the flexure by
post-Cutoff erosion. An upper member of the Bone Spring
~Limestone composed of shale, sandstone, and thin limestones
(with‘conglomerate blocks in the lower 8 meters) was tenta-
tively correlated to the shelf Cutoff. The shale at the top
of this sequence as exposed 5 kilometers to the south, was
termed the "Pipeline Shale'" by Warren (1955).

Disputes, debates, and reinterpretations (1953-1970's)

The Newell group (1953) worked on the stratigraphic
details and the paleoecology of the entire Permian Reef
Complex. Newell studied the Bone Spring, Victorio Peak, and
the Cutoff Formation in the west escarpment area. He cor-
related the shelf Cutoff strata with the lower part of
King's suggested basin correlatives plus some of the under-
lying beds (Fig. 7). The bulk of the Cutoff equivalent was
considered to be a shale below the Pipeline Shale, while the
Pipeline Shale was placed in the Brushy Canyon Formation.
Newell interpreted lenses of light colored limestone within

the Cutoff strata along the lower contact at the Bone Spring
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flexure to be patch reefs.

The Marathén group added significant observations and
interpretations. Pray and Stehli (1963) re-interpreted the
"patch reefs" to be channel lenses of megabreccia, alloch-
thonous carbonate blocks redeposited from their original
site of deposition. This is now generally accepted.
McDaniel and Pray (1967) did a detailed study of the Bone
Spring-Victorio Peak strata underlying the Cutoff, as dis-
cussed below. In the Cutoff they recognized channel forms,
erosional surfaces, and suggested basin equivalents. Pray
(1971) and Harms and Pray (1972) interpreted the upper and
lower Cutoff contacts along the shelf mafgin as submarine
basin-dipping unconformities. They inferred these were due
to bank margin retreat by erosional processes. This in-
terpretation removed the need for King's Bone Spring flex-
ure to explain the stratigraphic relationships in the area
of the bank edge.

The dark color, fine grain size, and depositional re-
lief of the Cutoff Formation have led workers (King, 1948;
Newell et al., 1953; Warren, 1955; Boyd, 1958) to conclude
it was deposited in deep, anoxic waters that transgressed
northward onto the Northwestern shelf over the Victorio
Peak shallow water deposits. Two questions repeatedly dis-
cussed (cf. Wilde and Todd, 1968) are the shelf to basin

correlation and the age of the Cutoff. There are problems
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correlating the Cutoff over the entire area from the north-
‘ern Guadalupe Mountains southward to the Apache Mountains
(Fig. 1). Correlative units to the southern Guadalupe
Mountain section have been reported in the northern
Guadalupe Mountains (Hayes, 1959; 1964), Apache Mountains
(Wood, 1968), Sierra Diablo Mountains (King, 1965), and
Wylie Mountains (Hay-Roe, 1957). The age of the Cutoff has
been in dispute because it is at or near the boundary of the
Leonardian and Guadalupian stages. The Cutoff strata has
been reporfed to contain both Leonardian ammonites and
Guadalupian fusulininds (Wilde and Todd, 1968). The un-
recognized allochthonous nature of many early fossil col-
lections has created confusion in the past (Wilde and Todd,
1968).

The Cutoff was raised from member to formational status
by King (1965), who used the term "Cutoff Shale'. This
term was used because fissile limestone and shale make up
about one-half to two-thirds of the Cutoff strata. Wilde
(Wilde and Todd, 1968) recognized the predominance of lime-
stone in the Apache Mountains and informally used the term
"Cutoff Formation'. Because of this, and in view of the
iithologic variation, I am using the term "Cutoff Formation"
as the formal name for the unit in this report.

This thesis is one part of an overall research program

on the Permian Reef Complex by the University of Wisconsin-
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Madison under the direction of Dr. Pray. Works relavent to
this study are shown in figure 8: Crawford (in progress),
Kirkby (in progress), and L. Babcock (1974). Additional
thesis work on the Guadalupian strata was published in
Hileman and Mazzulo (1977) and Pray and Esteban (1977).
Kent Kirkby's current master's work is very relevent
to this report. He is studying the lithologies, diagenesis,
and erosion surfaces of the upper Victorio Peak Formation
of the Guadalupe Mountains in the same area as this report.
The geologic events during and following deposition of the
Victorio Peak Formation may be useful in understanding the
Cutoff Formation. The rock types may reflect a transition
into the Cutoff depositional environment. The diagenesis
study may provide an independent determination of the en-

vironment of the Cutoff-Victorio Peak unconformity.

Leonardian bank-basin sequence

The units beneath the Cutoff Formation, the Bone Spring
Limestone and the Victorio Peak Formation, occur throughout
the West Texas-Southeast New Mexico region. They comprise a
Leonardian carbonate bank and basin sequence (McDaniel and
Pray, 1967). Typically the Bone Spring Limestone is a
finely laminated, medium bedded, black, cherty mudstone. It
has been interpreted as an anoxic (or euxinic) basin deposit
(Lloyd, 1929; Newell et al., 1953; McDaniel and Pray, 1967).

The Victorio Peak Formation is an unlaminated, thickly
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bedded, gray dolomite and limestone with a texture ranging
from wackestone to grainstone. It has been interpreted as

a normal marine bank and bank margin deposit (Newell et al.,
1953; McDaniel and Pray, 1967). The depositional slope is
inferred to have been low. McDaniel and Pray (1967) sug-
gested an angle of 1-5°. The sharp transition from bank to
basin occurs over a distance of 0.8 to 1.6 kilometers just
north of Bone Canyon, as first noted by King (1948) and de-
tailed by McDaniel and Pray (1967). Both these Leonardian
units contain scour phenomena, channel lenses, and erosional
surfaces (King, 1942; 1948; McDaniel and Pray, 1967; Pray,
1971; Harms and Pray, 1974) similar to those to be described

in the Cutoff.

Cutoff shelf profile

Following deposition of the Leonardian bank-basin se-
quence (Victorio Peak-Bone Spring) an erosional episode
steepened the slope along the bank edge in the Guadalupe
Mountains region (Pray, 1971). The erosional surface is a
sharp, basin-sloping unconformity above the Leonardian bank
margin. The resulting surface had three topographic areas
(Fig. 9): a flat to very slightly sloping shelf (Oo - 10),

a more steeply dipping shelf margin (5O - 150), and a low re-
lief basin surface which flattens out to a low angle
(5O to <10).k This profile persisted throughout Cutoff de-

position. The relief at the shelf margin was 300 meters
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over a distance of 3.2 kilometers in the area of the present
Shumard and Bone Canyons. This relief was established by
field tracing of the Bone Spring - Victorio Peak strata by
McDaniel and Pray (1967).

Projections of the Leonardian bank profile from the
highest (youngest) preserved strata indicate truncation of
250 meters of strata along the basin-sloping unconformity,
whose cutting involved shelfward retreat of the bank edge
(Pray, 1971; Harms and Pray, 1974). The wunconformity ex-
tends both shelfward and basinward at a very low angle, as
indicated by the minor truncation of the underlying strata

in both the shelf and basin areas.

Regional correlations and implications

The shelf Cutoff or its equivalent is preserved above
the Victorio Peak in four ranges of West Texas (Wilde and
Todd, 1968), namely the Guadalupe, Sierra Diablo, Apache,
and Wylie Mountains (Fig. 10). Correlations of these shelf
éections are shown in figure 11. In contrast, the Cutoff of
the shelf margin and basin areas only is exposed at the sur-
face 1in the Guadalupe Mountains due to the ravages of tec-
tonics and erosion.

The Cutoff shelf strata in both the Guadalupa and
Sierra Diablo Mountains all have a distinct basinal aspect
and are similar lithologically (King, 1948; 1965; this

study). Dark, fine-grained limestone and siliceous shales
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Figure 10:
Distribution of surface exposures of the Cutoff Formation.
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are the dominant rock types.

The shelf Cutoff in the Apache Mountains is a group of
lithologies about 45 meters thick which appears conformable
on the Victorio Peak (Wood, 1968). The strata is composed
of thinly bedded, yellowish-brown claystone and siltstone
with few thin beds of dark gray micrite which grades upward
into a sequence of very thinly bedded limestones, micrites
to sparites with intraclasts and fossils. Wood interpreted
this sequence as a shallow water deposit representing an en-
vironment similar to the upper Victorio Peak. Detectable
basinal sedimentation did not take place in this area.

In the Wylie Mountains, the Victorio Peak Formation in-
cludes the stratigraphic equivalents to the Victorio Peak,
Cutoff, Cherry Canyon, and Goat Seep Formations of the
Guadalupe Mountains shelf area. A 4.6 meter thick marl mem-
ber is considered equivalent to the Cutoff due to strati-
graphic position (Wilde and Todd, 1968). It "contains
harder layers of finely silty, clayey micro-grained dolo-
mite'" and is unfossiliferous (Hay-Roe, 1957). The deposi-
tional environment and depth are not discussed by Hay-Roe.

I suggest that this marl member is a shallow water shelf
deposit of Cutoff age. The thinness of the marl member sug-
gests that a major shift to a basin style of sedimentation
did not occur. However, there was the increase in fine

siliciclastic sediment which is characteristic of Cutoff
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time. The inclusion of the marl member within the Victorio
Peak Formation reflects a consistency of rock type and prob-
ably depositional setting as well.

The Cutoff equivalents in both the Apache and Wylie
Mountains appear to be shallow shelf sections, not the deep
"basinal-style" deposits of the shelf in the Southern
Guadalupe and Sierra Diablo Mountains. The variety of 1lith-
ology and inferred environment of deposition can be ex-
plained by shelf subsidence in the northwest portion of the
Delaware Basin and neighboring shelf. Boyd (1958) demon-
strated that basinal sediments of the Cutoff transgressed
19 to 23 kilometers onto the older shelf deposits of the
Victorio Peak Formation (Fig. 10). The transition to
shallow water shelf deposits is marked by small, discontin-
uous reefs which may mark a slope break as suggested by
Boyd (1958). This postulated subsidence can explain how
basinal deposits could transgress over the Victorio Peak
bank in the area of the Guadalupe and Sierra Diablo
Mountains, while uninterrupted shallow water sediments ac-
cumulated on the more stable shelf in the area of the
Apache and Wylie Mountains.

The depth of the subsidence cannot be directly esti-
mated. Water depths for lithologies similar to the Cutoff
have been estimated by Newell et al. (1953). Their maximum

is 520 meters for the Lamar limestone (Guadalupian), based
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on the height of the reef foreslope. Their minimum estimate
is 150 meters for the Bone Spring Limestone, based upon the
incorrect interpretation of channel megabreccias as patch
reefs. Another approach, independent of the reef interpre-
tations, is to consider the entire shelf sequence of Cutoff-
Cherry Canyon-Grayberg-Queen. This is a progradational,
shallowing upwards sequence 300 meters thick. This is a
maximum figure for the water depth of the basal Cutoff on
the shelf because later post-Cutoff subsidence probably in-
creased the thickness of this sequence. This author's esti-
mate of the initial depths of the basal Cutoff is 65-85
meters for the shelf at the type section and 400 meters for
the basin equivalents. The basis of this estimate will be
developed in the final sections of this report.

More important than the exact water depth for the
understanding of events in Cutoff time is the impiication of
the regional pattern of Cutoff-age shelf sediments, basinal
versus normal shelf. The pattern implies that the uncon-
formity surface cut into the top of the Leonardian bank
formed at a time of shelf subsidence, as suggested by Pray
(1971) and supported by Kirkby's study (in progress) of the
uppermost Victorio Peak. This contrasts with the suggestion
of King (1948) and Newell et al. (1953) who believed that
this unconformity was formed as an emergent surface during

a time of subaerial exposure.
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ROCK TYPES § DEPOSITIONAL PROCESSES

"The history of any one part of the earth,
like the life of a soldier, consists of long
periods of boredom and short periods of terror."”
Ager .

General association

The Cutoff strata can be divided into two major rock
groupingé, both clastic. These are: 1) a succession of
predominantly lutites (table 1) which form persistent
layers over the shelf, shelf margin, and basin. 2) a va-
viety of rock types (mostly coarse) which form channel fills
(lenses and sheets) along the shelf margin and basin.

The lutites are rock types with a predominant grain
size smaller than sand (1/16 millimeter). So defined,
lutites include siltstone. The lower Cutoff almost en-
tirely consists of medium bedded, cherty lime mudstone.
Other lower Cutoff rock types are limited to channel fill-
ings. The upper Cutoff strata coﬁsists of about 1/2-2/3
interbedded lime mudstone and shale, and 1/2-1/3 medium
bedded,/dark gray, lime mudstone. Most of the lower half
of the upper Cutoff is made up of interbedded lime mudstone-
shale which is composed of about equal amounts of fissile
lime mudstone and siliceous shale, with a minor amount of
siltstone present as well. The upper half of the upper
Cutoff is medium bedded lime mudstone. The thickness of

this limestone is reduced along the shelf margin by

'




37

Table 1:1
|
Lithology Composition Color1
black, cherty CaCO3 black (N1) to
lime mudstone dark gray (N3) |
thinly laminated CaCol, dark gray (N3) to
fissile lime black (N1) with
mudstone minor dark brown | |
(10YR 4/3)
siliceous shale terrigenous dark gray (N3) to
silicates black (N1) with
minor dark brown
(10YR 4/3)
siltstone terrigenous dark brown
silicates : (10YR 4/2) to tan’
(10YR 7/2)
thinly laminated, CaCO3 dark gray (N2-4)
medium bedded, :
lime mudstone
faintly laminated CaCO3 dark gray (N2-4)
to non-laminated,
medium bedded,
lime mudstone
medium gray, CaCO3 medium gray (N5-6)
lime mudstone
medium gray, CaCO3 medium gray (N5-6)
lime wackestone
Notes:
1. Numerical values from GSA Rock Color Chart.
2. See appendix for definition of bedding and lamination terms.
3. Range of 2 to 4 samples. Residues contain clay with lesser am




Table 1: Lutites

2 2 Insoluble3 Correlation
Bedding Laminations Residues - Unit
) to medium thin to none 20.4-56.9% 1
(N3)
(N3) to (fissile) thin 33.6-92.8% 2§ 4
) with :
k brown
)
(N3) to (fissile) thin 94.3-99.3% - § 4
) with
k brown
)
gl thin thin (not determ.) 2 § 4
) to tan’ '
)
(N2-4) medium thin 6.9-34.3% 3§ 5
(N2-4) medium thin and 10.4-37.1% - - 3§ 5
: faint to
none
1y (N5-6) medium none 2.8-13.8% 5
1y (N5-6) layers within none 3.9-4% 5
medium gray
mudstone

1ation terms.

with lesser amounts of quartz silt and chert.
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post-Cutoff erosion.

The channel-lens rock types are: carbonate mega-
breccias, carbonate rudstones, quartz sandstone, and
lutites. Sheet-shaped bodies are comprised of carbonate
megabreccias and rudstones. These channel fills and sheets
occur along the shelf margin and basin throughout the
Cutoff strata, but are volumetrically very minor (less than
1%).

Recognizeable skeletal grains are marine invertebrates

composed of calcium carbonate, and siliceous sponges.

Lutites

ROCK TYPES

Black, cherty lime mudstone

This rock type is black, medium bedded, lime mudstone
(Fig. 12). It typically has thin laminations except on the
shelf where laminations are faint or not present. Black
chert is abundant (5-15%) occurring as thin seams ( 2 cen-
timeters) and nodules in nearly every bed. This lithology
is a distinctive rock type found only in the lower Cutoff

Formation. It is not present in all sections, but where

found it is the basal lithology.

The black cherty mudstone is best exposed in the basin
(section B). Here it is laterally continuous and thick (24
meters). Locally the cherty mudstone contains thick chert

seams (up to 10 centimeters) (Fig. 13). Small folds locally
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Figure 12: Black, cherty lime mudstone.

A.

Laminated texture from baéin area. Polished slab, section B, 22'
level, specimen U.W. 1719/1.

- Same as A. Thin section, specimen U.W. 1719/2.

Bedded chert in basin area. Bed below pack is solid chert.
Field photograph, section B, 78' level.

Non-laminated texture from shelf area. Thin section, section N,
2' level, specimen U.W. 1719/3.
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Figure 13: Features associated with black, cherty lime mudstone.

A.

Flattened, horizontal burrows which occur in rare horizons in the
basin area. Field photograph from above, section B, 140' level.

- Burrows as in B. Side view, field photograph, section B, 124'

level. Horizon with burrows indicated by arrows.

Small fold at basin edge believed due to submarine slump. Fold
affects 3 meters of strata. Field photograph, section B, 48-54'
level,

Truncation of black, cherty lime mudstone of the lower cutoff

Formation (LCO) by the intra-cutoff unconformity. Lower Cutoff

strata fill a channel cut into the Victorio Peak Formation (VP)

along the pre-Cutoff unconformity. Strata overlying lower Cutoff
and Victorio Peak strata are upper Cutoff lutites (UCO). Field

photograph, south wall of South Shumard Canyon (shelf margin),

5-15 meters east of section H.
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disrupt bedding. These appear to indicate soft sediment
deformation very soon after deposition because the upper
surfaces are sharply truncated with undisturbed bedding a-
bove. The position of the folds near the base of a sub-
marine slope and their similarity to the slump folds de-
scribed by Lowery and Cooper (1970) lead to the conclusion
that these are slump folds formed nearly contemporaneously
with deposition. Above the lower 17 meters the well lami-
nated texture is replaced by a mixture of lamination styles:
laminae which are irregular or bumpy due to horizontal bur-
rows, non-laminated texture, and well laminated texture.
This mixture of lamination styles is not found in the rest
of the study area but this may be due to the removal of
lateral equivalents beneath the intrformational unconformity
between the lower and upper Cutoff.

Interbedded. 1ime mudstone-shale

The interbedded lime mudstone-shale consists of three
rock types: thinly laminated lime mudstone, siliceous
shale, .and scattered minor amounts of siltstone (Fig. 14).
The mudstone and shale locally alternate in centimeter
thick intervals but normally one lithology occurs vertically
for several meters. The mudstone and shale look alike and
can only be distinguished with certainty by testing with
dilute hydrochloric acid. The shale typically contains car-

bonate concretions (about 0.3 meters across) which are
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Figure l4: Interbedded lime mudstone and siliceous shale.

A.

Typical bedding style, where exposed, of interbedded mudstone-
shale., Field photograph, section D, 20' level.

- Carbonate concretion in siliceous shale. Field photograph,

section D, 20' level.

Differentially weathered regularly alternating, interbedded lime
mudstone (thicker, more resistive beds) and siliceous shale.
Field photograph, section H, 16' level.

Interbedded lime mudstone and siliceous shale. Weathered profile
reflects amount of carbonate; move calcareous sections are more
resistive. Field photograph, section A, approximately at 75'
level.

Fine siltstone, locally interbedded in shale. Thin section,
section H, 12' level, specimen U.W. 1719/4,
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generally lacking in the lime mudstone, but this relation
is not universal. In other aspects (color, laminations,
fissility) the two rock types are identical. They occur
together with no detectable lateral or vertical order. I
suspect the compositional difference has been enhanced by
diagenesis which concentrated the carbonate content of the
shales into concretions.

This interbedded lime mudstone-shale occurs in all
areas and weathers to form recessive intervals. It gen-
erally comprises most of the lower portion of the upper
Cutoff; in most of the shelf and shelf margin, it is the
basal unit of the Cutoff Formation. The shale is probably
the major reason the Cutoff was termed the '"Cutoff shale'".

Thinly laminated, fissile 1ime mudstone

This rock type is dark gray to black, lime mudstone.
It is thinly laminated, and unfossiliferous. Typically it
is slightly siliceous and shaley partings cause its fissil-
ity. Generally interbedded with shale, the thinly laminated
mudstone is distinguishable by the strong positive reaction
to HC1 and its general lack of concretions,

Siliceous shale

This rock type is dark gray to black, siliceous shale.
It is thinly laminated, unfossiliferous, and fissile.
Locally weakly calcareous, it is generally interbedded with

very thinly bedded lime mudstone. In places it contains
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ellipsoid carbonate concretions up to 0.3 meters across.
Around the concretions the shale exhibits squeezing effects
indicating the concretion formed prior to the bulk of the
compaction of the shale.

Dark brown to tan siltstone

This rock type is unfossiliferous, thinly laminated,
very thin to thin bedded siltstone. It occurs as scattered
beds in the siliceous shale. In the type section one in-
terval of siltstone contains evaporite molds of secondary

gypsum.

Thinly 1aminated,>medium bedded lime mudstone

This rock type is dark gray, thinly laminated, lime
mudstone (Fig. 15). It is medium bedded and contains
shaley partings. A sparse fauna (predominantly brachiopods)
occurs in thin laminae within the beds. The skeletal struc-
ture is generally well preserved. This lithology is wide-
spread in the shelf margin and basin areas. In the basin
area it makes up most of the upper half of the upper Cutoff,
but elsgwhere it is a minor portion of the section.

Faintly laminated to non-laminated, medium bedded lime
mudstone

This rock type is dark gray, medium bedded lime mud-
stone (Fig. 16). It contains shaley partings, and faint
laminations or none at all. A sparse, well-preserved fauna
(brachiopods) occurs in thin laminae within the beds. This

lithology is widespread, being found from shelf to basin.
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Figure 15: Thinly laminated, medium bedded, lime mudstone.

A‘

B.

Typical exposure. Field photograph, section E, 39' level.

Thinly laminated texture. Polished slab, section B, 202' level,

. specimen U.W. 1719/5.

Thin section of slabbed sample in B. Specimen V.W. 1719/6.

Only occurence of grading and compositional banding in lutites,
possibly due to turbulent flow. Small white dots are cross
sections of sponge spicules. Sample from basal mudstone bed of
uppermost channel fill (Figure 26) in upper Cutoff Formation, 70
meters east of section E, south wall of Bone Canyon. Thin section,
specimen U.W. 1719/7.
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Figure 16: Faintly to non-laminated, medium bedded,

A,

lime mudstone.

Mudstone, in a typical exposure, forming uppermost Cutoff strata
(CO0) with basal sandstone of Brushy Canyon Formation (BC)
above. Field photograph at top of section D, edge of basin

area.

Faintly laminated texture. Thin section, section D, 76"

level,
specimen U.W. 1719/8.

Non-laminated texture from shelf margin area with mottling
suggestive of burrowing. Thin section, section J, 150°'

level,
specimen U.W. 1719/9.
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It is the uppermost rock type and is generally only a few
meters thick in the shelf margin and basin edge areas. In
the shelf area it occurs below the medium gray mudstone.

On the outer shelf (Bartlett Peak, section M) the faintly
laminated to non-laminated mudstone is 26 meters thick and
makes up to 3 meters of the upper half of the upper Cutoff

at Cutoff Mountain (section N). To the north it thins and is
largely replaced by medium gray, lime mudstone. |

Medium gray, lime mudstone

This rock type is medium bedded, non-laminated, med-
jum gray lime mudstone (Fig. 17). It contains scattered
skeletals. In places the beds may contain vugs and/or
light colored chert nodules. This 1ithology is limited to
the shelf where it is the uppermost rock types within the
Cutoff.

Medium gray, lime wackestone

This rock type is medium gray wackestone with skeletal
grains of various types. It forms thin layers within the
medium/gray mudstone of the type section (Fig. 17). The
layers have sharp, even lower surfaces and irregular, sharp
upper surfaces. The occurrence of this lithology as layers
within the mudstone and the sharp (erosional?) bases are
suggestive that these layers are the result of current re-
working and winnowing of the lime mud. The irregular upper

surfaces suggest post-depositional burrowing activity. The
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Figure 17: Medium gray, lime mudstone and wackestone.

A.

Medium gray, lime mudstone from shelf area with chert-lined
vugs. Shelf area, about 100 meters northeast of section L, where
unit 5 is truncated by the upper unconformity. Polished slab,

- specimen U.W. 1719/10.

Medium gray, lime mudstone, without laminations. Thin section,
section M 36' level specimen U.W. 1719/11.

Medium gray, lime mudstone with chert-lined vugs. Field
photograph section M, 161' level.

Medium gray lime wackestone layers in medium bedded, medium gray,
lime mudstone. Wackestone layers (weather darker) have sharp
bases and uneven, borrowed upper surfaces. Field photograph
section N (Cutoff Mountain, type section), 134' level.

Thin section of wackestone (locally packstone) layers shown in
D. Section N, 134' level, specimen U.W. 1719/12.

Field slab of wackestone layer shown in E. Section N, 134"
level, specimen U.W. 1719/13.
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location of this rock type, only in the most shelfward and

probably shallowest water area of the shelf in the study

area is compatible with the evidence of more turbulence

than in the margin and basin areas.

INTERPRETATION OF LUTITES

Origin, transport, and deposition of lutites

Despite the variety of rock types it is important to
recognize that the Cutoff strata is comprised predominantly
of lime mud. Clay is important in shales and argillaceous
limestones and terrigenous silt is a minor component. Thus
nearly all rocks are lutites.

The source of the clastic siliceous material is not
well established. Two sources for terrigenous material in
the Delaware Basin are indicated. During Leonardian time

a clastic source to the north is suggested by a high pro-

portion of sandstone in the northern portion of the Dela-
ware Basin. To the south in the Glass Mountain region,
coarse sandstone and conglomerate are present (King, 1948;
Oriel et al., 1967). Hills (1972) favors the northern source
for the Guadalupe Mountains area. The presence of some

shelf sands in the Victorio Peak Formation of the Guadalupes,
the transport to the southwest of sands of the basal Brushy
Canyon Formation, and the study area's location on the
Northwest Shelf clearly implies the northern detritus

source.
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The source of the lime mud is problematical. The 1ime~
mud may have formed in the surface waters of the basin or
be derived from any of the neighboring shelves to the west
or north. Lime mud might have formed on the sea floor in
the area of deposition but this seeﬁs unlikely. More likely
autochthonous biota are the siliceous sponge spicules
(0.025 millimeters, or 25 microns, in diameter). The
origin of the lime mud cannot be determined petrographically.
The spicules suggest that biotics are the source of the fine
carbonate material. The draping geometry of the laterally
continuous, near constant thickness lutite beds over the
bottom topography suggests these beds are largely suspen-
sion deposits, but some beds thicken slightly into minor
paleotopographic lows of a few centimeters. These thickness
variations imply some curfent activity, in addition to
simple settling. The small scale features (few centimeters)
are evidence for reworking of the muds by weak bottom cur-
rents. The cutting of channels up to 30 meters in depth
is evidence for episodic strong bottom currents.

The lime mud, as well as the clay, may have been
transported into the basin from the shelf. In her study of
the Lamar Limestone (Guadalupian) L. Babcock (1974) con-
cluded that shelf-derived lime mud was transported into the
basin, but this was based upon the constant thickness de-

crease away from the shelf edge. By contrast the
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pre-erosional thickness of the Cutoff strata remains nearly

constant from shelf to basin.

The 1lime mud appears to be the result of a pelagic
rain of carbonate material. The source of this pelagic
material is uncertain but it was deposited over the entire
study area. The Northwestern Shelf is a possible source
area because this is the source for the terrigenuous
clastics.

Currents provided a mechanism of transport into the |
basin competent enough to transport quartz silt at some ‘

times. These silts have the same draping geometry as the

muds and clay, and presumably were also deposited from

suspension. Harms (1974) suggested density current inter-

flows as the transport mechanism to carry silts with a
similar depositional geometry in the Delaware Mountain
Group and in Harms and Pray (1974) this was suggested for
the Cutoff Formation and Delaware Mountain Group. This

depositional model will be discussed after consideration of

Ideal succession of correlation units

|
|
the channel-filling rock types within the Cutoff.
My field study shows that the lutites occur in a con-
sistent vertical succession of '"correlation units". They
are called correlation units because the primary use of
these units is for correlation. The succession of correla-

tion units is present in all areas of this study and can be
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identified in all stratigraphic sections. It has not been
previously recognized. It consists of:

unit 5: dark to medium gray mudstones
with discontinuous beds
unit 4: interbedded lime mudstone- upper Cutoff
shale
unit 3: dark gray mudstone with con-
tinuous beds
unit 2: interbedded lime mudstone-
shale
unit 1: black, cherty mudstone Lower Cutotff

The recognition of this succession is essential for
interpreting the Cutoff: 1) It provides a key for resolving
the correlation disagreements of previous workers. 2) This
internal stratigraphy within the Cutoff allows more precise
correlation of the depositional and erosional events in
Cutoff time. 3) The rock types which make up these units
and the sedimentary structures contained within them are
the raw data of environmental reconstructions. In par-
ticular, the distribution of the various limestone litholo-
gies are best explained by a detailed anoxic basin model
which focuses on the oxygen content of the water. This
model also leads to speculation about basin-wide events.

Correlation from shelf to basin

The entire succession of alternating limestone and
shaley units within the Cutoff strata can be recognized in
all areas except the type section, located well back on the
shelf, where unit 3 cannot be recognized with assurance

(Fig. 18). 1In the critical area from shelf edges to basin
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the succession can be followed from section to section
(Plate 15), except where the Cutoff is truncated or removed
by erosion. The consistency of the succession is the key
to correlation across the intervals where the Cutoff strata

has been removed because the pattern is maintained. With

the correlations thus established, how can the diverse cor-
relations of previous woerks be interpreted?

King (1942, 1948) recognized that the discontinuous
nature of the Cutoff made a direct physical correlation im-
possible. He defined the Cutoff on the shelf and recog-
nized the shelf margin equivalents. As the correlative
basin units he suggested a sequence of limestones, shales,
and sandstones at the base of his mapped Brushy Canyon
Formation, exposed to the south of E1 Capitan. These strata

appear to be above the Cutoff and include the "Pipeline

shale" (Warren, 1955) which is in the basal Brushy Canyon
Formation (Newell et al., 1953). In the basin area King
recognized as Cutoff correlatives strata within 15 to 30
meters of the lower-most Brushy Canyon sandstone beds and
above a black limestone bench (his Bone Spring Limestone)
which makes the series of low hills west and south of E1
Capitan.

In the basin Newell, in Newell et al. (1953), identi-
fied strata of my correlation units 2, 3, and 4 as Cutoff.

The black limestone which forms the bench south of E1
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Capitan (my correlation unit 5) was considered by Newe11
to (see his Figure 10) be an "Upper Bone Spring
Limestone" and of post-Cutoff age. Newell traced the
Cutoff "shales" (units 2 and 4) as they disappeared into
the subsurface of the Delaware Basin.

McDaniel and Pray (personél communication) correctly
identified the basin Cutoff (units 1-5) in the mid 1960's
based upon stratigraphic position and lithologic similafity.

Recognition of the vertical succession of correlation
units from shelf to basin resolves these differences. As
shown in plate 15, the succession is less clear north of
the shelf edge at the type section, but southward from the
Barlett Peak section (M) the pattern can be traced into the
shelf margin area. This confirms King's shelf to shelf
margin correlation. In the basin the succession is rec-
ognized in Bone Canyon and can be followed southward as the
Cutoff thickens basinwards. The strata suggested by
McDaniel and Pray as basin Cutoff are confirmed as such by
this analysis.

The lower unit (#1) appears 0.4 kilometers south of
Bone Canyon and thickens to 31 meters in a distance of 0.4
kilometers (section B) (see Fig. 18 and Plate 15). The
upper unit roughly doubles in thickness (from 40 to 93
meters) over a distance of 2 kilometers south of Bone

Canyon (section E to section A). Despite this thickening
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the upper surface of the Cutoff is horizontal and nearly
"planar due to truncation of beds by post-Cutoff erosion.
From about 1 to 2 kilometers south of Bone Canyon, correla-
tion units 1,2,3, and 4 successively disappear from view
into the subsurface. Unit 5 thickens by stratigraphic ad-
dition of beds below the post-Cutoff unconformity to make
up the low-lying hills of black mudstone south of El
Capitan, long considered to be Bone Spring limestone (King,
1948; Newell el al., 1953; and other workers and guidebooks).

In summary, recognition and tracing of the vertical
succession of correlation units has clarified the shelf to
basin correlation of the Cutoff.

Rock types in the correlation units

The units are not the same as rock types. Each unit in-
cludes some variation of lithologies within it, and the
same rock type may appear in more than one unit. The dis-
tribution of rock types is summarized in table 2. Plate 15
shows the details of this distribution.

Unit. 1: The lower Cutoff consists of one major lutite
rock type, the black cherty mudstone. Examination of speci-
mens reveals a variation in the quality of laminations from
shelf to basin. The cherty mudstone of the shelf and shelf
margin is only faintly laminated or non-laminated but the
basin equivalents are well laminated (Fig. 12). Vertical

changes are only recognized in the basin section B,




Table 2: Distribution of rock type
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Correlation ,

Unit §h§l£ She
. : : |
5 medium gray, lime mudstone and faintly 1laj
wackestone laminate
lime mud;
faintly laminated to none- %
laminated, medium bedded |

lime mudstone
4* thinly laminated, fissile lime mudstone + si
3 faintly laminated to non- faintly laﬂ
laminated, medium bedded laminatec
lime mudstone lime muds
|
|
2% thinly laminated, fissile lime mudstone + si
1 faintly laminated to non- faintly lan

laminated, black, cherty
lime mudstone

*Units 2 and 4 are the same in all areas.

laminated
lime muds




n of rock types in correlation units from shelf to basin.

Shelf margin v Basin
nd faintly laminated to non- faintly laminated to non-
Jlaminated, medium bedded laminated, medium bedded lime
lime mudstone mudstone

thinly laminated, medium bedded,
lime mudstone

me mudstone + siliceous shale + siltstone

faintly laminated to non- faintly laminated to non-
laminated, medium bedded laminated, medium bedded lime
lime mudstone , mudstone

thinly laminated, medium bedded,

lime mudstone
me mudstone + siliceous shale + siltstone
faintly laminated ato non- thinly laminated, black, cherty

laminated, black, cherty lime mudstone
lime mudstone

LS.
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probably because elsewhere the lower unit has been dras-
tically thinned by later erosion.

Unit 2: The interbedded lime mudstone-shale contains
.several rock types but is remarkably uniform from shelf to
basin. No consistent lateral or vertical lithologic
changes were noted in this study but the fissile nature of
these rock types makes the unit non-resistive and hence
could obscure any changes present.

Unit 3: This is a 1-6 meter thick unit of lime mud-
stone which is characterized by its bedding style. Beds
are laterally continuous for up to 10+ meters, about the
maximum extent of good exposures. In some places however
the same bed can be followed for over 100 meters.

Two rock types are present which differ in quality of
laminations. In the basin thinly laminated, medium bedded
lime mudstone makes up this unit. On the shelf margin
this lithology is replaced by the faintly laminated to
non-laminated, medium bedded lime mudstone. This lithol-
ogy continues onto the shelf. At the Barlett Peak section
unit 3 is thickest. Unit 3 cannot be clearly distinguished
at the type section (N) at the New Mexico border because
two thin mudstone beds occur within the strata correlated
with units 2 and 4 at the expected stratigraphic position
of unit 3. The mudstones are composed of the faintly

laminated to non-laminated, medium bedded lime mudstone,
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and either or both may be correlative with unit 3 to the
south.

Unit 4: The interbedded lime mudstone-shale lithol-
~ogies make up unit 4. The non-resistant, fissile nature
obscures any variations, as with unit 2.

Unit 5: The uppermost Cutoff unit contains the
greatest variety of rock types. The major differences are
in color, lamination quality, and amount of skeletals.

The most basinward sections (see section B) are made up of
thinnly 1aminated, medium bedded lime mudstone. South of
Bone Canyon, this is replaced by the faintly laminated to
non-laminated, medium bedded lime mudstone. This extends
from basin edge to the shelf. Across the shelf this 1lith-
ology grades into the medium gray lime mudstone and
wackestone. At the Bartlett Peak section (M) the medium
gray mudstone makes up the upper 3.7 meters of this unit
but at the type section (N) the medium gray limestone
dominates this unit (the upper‘39 meters of the total 42
meters).

In contrast to unit 3, the individual beds in unit 5
are not laterally continuous; they generally pinch out
within 5-10 meters. This is interpreted as being due to
scouring on the sea floor prior to deposition of the next
bed.

Unit 5 has been affected by the post-Cutoff
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unconformity more than any other unit because it is the
uppermost Cutoff unit. Locally unit 5 is missing where

the other ‘units are still present (section C). The bedding
~along the upper surface is sharply truncated by the uncon-
formity. Due to this truncation, the original thickness

of unit 5 is uncertain. The maximum thickness observed is
42 meters at the type section (N).

Summary: Eight different types of lutites are recog-
nized in the Cutoff strata. These were mostly deposited
by suspension from a pelagic rain, with a lesser amount
deposited by interflows (silts certainly). The eight rock
types occur in a vertical succession of five correlation
units. These units permit unambiguous correlations from

shelf to basin areas.

Lens and Sheet deposits

The Cutoff strata contains rock types which are
coarser-textured than the lutites already discussed. The
geometry of these coarse-textured deposits is of two types:
channel-filling lenses and sheet-like masses. These rock
types are limited to shelf margin and basin areas. Ver-
tically they are distributed throughout the Cutoff strata
but about half are along the basal unconformity surface.
The coarser-textured rock types are generally only a
minor portion of the section (less than 5%).

The channel-filling lithologies (in decreasing




abundance) are: intraclastic rudstone and megabreccia,
lutites (lime mudstone and shale), skeletal rudstone, and
fine-grained quartz sandstone. Intraclastic rudstone and
.megabreccia sheets are limited to the shelf margin area
(North to East Shumard Canyon).

The lenses appear to occupy channels. The basal sur-
faces of the lenses are erosional scours which are roughly
spoon-shaped in cross section. The erosional scours
range in size from over 100 meters wide and 30 meters
deep, to about one meter in width, and a few centimeters
in depth. In contrast, the upper surfaces are nearly
planar and conformable with the overlying beds. These as-
pects will be more fully discussed in the section on
erosional phenomena.

The channel-filling lenses composed of megabreccia
were first noted by King (1948). He interpreted them as
reefs but noticed the channel-shaped bases. Newell et al.
(1953) interpreted them as patch reefs which grew on the
upper Bone Spring surface. Pray and Stehli (1963) rein-
terpreted these rock bodies as channel-filling megabreccias
lenses because of the clastic texture and chaotic orienta-
tion of clasts as determined from geopetal fabrics. They
recognized these lenses as bodies of allochthonous material

with blocks of 1lithified rock over 10 meters across.
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Thé megabreccia blocks are more richly fossiliferous
than the enclosing lutites and formed the source for
many of the paleontologic collections of King and Newell,
‘and later Wilde. Newell believed the megabreccia lenses
were in-place reefs. King also collected fossil material
from the skeletal rudstone lenses in the basin area. The
fauna collected was considered to be contemporaneous with
the surrounding strata until recognition of the alloch-
thonous nature of the megabreccia lenses. It is uncertain
now which fauna are of Cutoff age and which fauna are re-
worked from earlier Leonardian strata. More aspects of
this problem will be discussed in the paleontology section.

The observed occurences of rudites are listed in
table 3.
ROCK TYPES

Intraclastic rudstone and megabreccia

The coarsest-textured of the lens and sheet deposits
are composed of intraclastic rudstone and megabreccia
(Fig7f19). Rudstone was defined by Embry and Klovan (1971)
as a rock type which contains greater than 10% of compo-
nents greater than 2 millimeters in size and in which
these coarse components form the supporting framework.

Cook et al. (1972) defined megabreccia as "a deposit in
which angular clasts larger than 1 meter are conspicuous

components and which may contain some clasts many meters
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Figure 19: Intraclastic rudstone and megabreccia.

A,

Intraclastic rudstone largely composed of dark gray lime mudstone
clasts. Clasts derived from upper Cutoff strata of upper shelf
margin; sample from rudstone sheet, IR(S)-14, between unit 3 and

- Brushy Canyon strata in the south wall, East Shumard Canyon

(shelf margin). Polished slab, specimen U.W. 1719/14.

Intraclastic-fusulinid rudstone from the basin, IR-5. Polished
slab, section B, 166' level, specimen U.W. 1719/15.

Intraclastic rudsotne with primary voids, IR(V)-4. Polished
slab, section B, 5' level, specimen U.W. 1719/16.

Intraclastic rudstone with "matrix" filling all interparticle
space; from rudstone lens IR-12 at base of lower Cutoff strata,
northeast of section J, Shumard Canyon (shelf margin). Thin
section, specimen U.W. 1719/17,

Sheet of intraclastic rudstone which caps megabreccia #1, 150
meters south of the mouth of Bone Canyon. Field photograph.

Lower surface of megabreccia #1 showing erosiomal truncation of
underlying Bone Spring Limestone (BS). Field photograph, 150
meters south of Bone Canyon. ,
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across." Megabreccias are rudstones, where the clasts form
a supporting framework, but the term megabreccia will be
used for such to call attention to the large size of the
-clasts.

In the Cutoff strata lenses of intraclastic rudstone
and megabreccia are widespread in the shelf marginrand
basin areas (table 3). The megabreccia lenses range in
thickness from about 3 to 35 meters but the intraclastic

rudstone lenses are less than 3 meters thick. Sheet-1like

bodies of intraclastic rudstone and megabreccia are
limited to the shelf margin (Shumard Canyon). The sheets ‘

occur on a paleoslope of 10°%2°, dipping to the south or

southeast. A 10-20 meter thick sheet of megabreccia forms
the basal Cutoff strata for much of the northern portion
of Shumard Canyon (over a distance of 0.8 kilometers).
Two thinner intraclastic rudstone sheets, less areally
extensive, occur in the middle part of the canyon.
Texturally both the intraclastic rudstones and mega-
breccias within the Cutoff are poorly so?ted. Clasts
larger than sand size form a clast-supported framework,
With few exceptions, fine material ("matrix'") pervasively
fills all interclastic space. The body of the deposit is
not size graded but at least one of the rudstone sheets is
graded (IR(S)14) (Symbols refer to rudite composition,

texture, and location. See Table 3 for explanation.) 1In
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places the largest clasts occur at the base (MB1l) but
generally this was not observed. Thé upper surface of
some lenses is mound-like (MB1-4, IR10). 1In places thin
‘graded caps (few centimeters thick in IR10) or 1-3 meters
of conglomerate beds (MBI) occur above the main rudite
lens, but generally such features are absent.

The larger than sand sized clasts of the rudstonés
and megabreccias are lithified carbonate rock. Black to
dark gray lime mudstone and wackestone, light gray pack-
stone and grainstone are all abundant, and less common
lime boundstone also occurs (Pray, personal communication).
The rock types of many clasts are very similar to the
Cutoff mudstones, Bone Spring mudstone and wackestone, and
Victorio Peak packstones and grainstones. All of these
formations may have been sources for the clasts. However,
it is also possible that the clasts are all.derived from
the Cutoff or contemporaneous shallow shelf environments.
The occurrence in some 1enses of boundstone clasts (reef-

like and Tubiphytes-rich rock) which do not resemble

Bone Spring, Victorio Peak or Cutoff rock types, Suggests
the source of the clasts was a different type of bank or
shelf edge which involved '"patch reefs'". Because the up-
slope area to the north-northwest is unavailable for study
due to Cenozoic downfaulting and erosion, neither of the

two possibilities for the source area can be eliminated.
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I believe that the underlying strata (Victorio Peak,
Bone Spring) were sources for some of the clasts because
of the distribution of different clast types.

In the shelf margin exposures in East Shumard Canyon,
the Cutoff overlies the Victorio Peak Formation. Several
rudites occur: a rudstone lens (IR12), two rudstone sheetsA
(IR(S)13 and IR(S)14), and a basal megabreccia sheet
(MB(S)5). The relative proportions of clast lithologies
in the basal rudites differs from the proportion in the
rudites higher up in the section. The basal rudites
(IR12 and MB(S)5) contain light gray limestone clasts
similar to those in the Victorio Peak Formation. 1In con-

trast the clasts in the rudstone sheets are predominantly

dark gray lime mudstones with light gray limestone lithol- |
ogies as only a minor component. One explanation is that
the light gray limestone clasts were derived from lithi-
fied Victorio Peak strata exposed upslope along the shelf
margin. The absence of dark mudstone clasts in the basal
rudites probably is because the Bone Spring Limestone is
the subcrop beneath the Cutoff Formation only to the south
(basinwards) of this area. Later in Cutoff time the dark
gray mudstones of the Cutoff largely covered the Victorio
Peak strata. The Cutoff mudstones must have had some
early lithification because these served as a major source

for clasts for the later, Cutoff-age rudites. Apparently
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the Victorio Peak was also locally exposed as a minor
clast source.

The situation in Bone Canyon is similar to that in
-Shumard Canyon, namely an upsection shift in clast source
from Victorio Peak - Bone Spring strata to a predominantly
Cutoff source. However, the contrast of clast lithologies
is less dramatic because the Bone Spring Limestone and
Cutoff mudstones are both possible sources and cannot be
distinguished in the clast population. Based upon unpub-
lished data of Pray and my observations, the basal mega-
breccia lenses (MB1l, 2, and 3) include clasts similar to
the entire range of Bone Spring - Victorio Peak lithologies.
Intraclastic rudstones (IR8, 9) in correlation unit 5
contain clasts of light gray limestone (very similar to
lithologies high on the Victorio Peak bank) and dark mud-
stone (very similar to Cutoff or Bone Spring lithologies).
I suggest the shift of clast types occured because the
Victorio Peak and Bone Spring were largely covered by
Cutoff strata. The Cutoff and a limited portion of the
Victorio Peak served as clast sources at the end of Cutoff
deposition.

An alternative interpretation for the upsection shift
of clast types in the Cutoff rudites is that contempora-
neous shelf-derived material was supplied into the Cutoff

strata. This supply decreased with time perhaps due to
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changes in patterns of sediment dispersal. I consider
this alternative less likely because of the sharp decrease
upsection of the light gray limestone clasts. This seems
'to be best explained by the covering of the Victorio Peak
bank deposits by the Cutoff strata.

Thé reef-like boundstone, found as clasts in some
lenses, is the best evidence for a source other than the
Victorio Peak. This rock type does not occur along the
pre-Cutoff surface or any regional equivalent. However,
the reefs which were sources of these clasts may have been
present in portions of the Victorio Peak bank, or in equiv-
alent shelf environments.

The interpretation of Victorio Peak derived clasts
gains plausability if the possible source area is con-
sidered. The upper shelf margin is the area from the
north edge of Shumard Canyon northwards (upslope) to the
appearance of the shelf Cutoff 0.8 kilometers north of
Shirttail Canyon. In this area the Cutoff is missing and
the Victorio Peak strata are deeply truncated to form a
recessive step in the shelf profile (Fig. 20). The upper
shelf margin appears to have been an area of continued
erosion and retreat to the shelf edge throughout Cutoff
deposition. I suggest that this .could be the source for

the clasts (Cutoff and Victorio Peak) in the upper rudites.




Bartlett

Peak
north

77

Figure 20

projected lower Shirttail : Shumard Cs

Cutoff surtace NCanyon N NE

Cherry C

Victorio Peak Fm.

_ .
J— ' | Bone Sp
shelf l shelf margin
750 Detailed cross section of the shelf margin area.
meters




77
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Lutites

Lutites are the second most abundant channel-filli
rock type. Any of the lutites (mudstones or shale) pre-
viously described may fill channel-shaped scours. The beds
of the lutite may thicken slightly into the scours, but
generally the bed thickness is nearly constant over both
scours and adjacent surfaces.

Generally the lutite lithologies fill broad, nearly
flat bottomed scours. These lutite-filled scours are often
difficult to detect because the scours are cut into lutites
as well. In places a sharp lithology contrast (north wall
of South Shumard Canyon, see figure 29) or an exceptional
exposure (south wall of Bone Canyon, see figure 25) make the
lutite-filled channels more readily visible.

Skeletal rudstone

This rock type is a rudstone in which the predominant
type of clasts are a variety of invertebrate skeletals and
a lesser amount of lithified carbonate intraclasts (Fig.
21). The clasts range in size from 0.2 to 10 millimeters
with an average size of about 0.5 millimeters. They are
in grain support and only a minor amount of mud is present.
The cement is carbonate but both the cement and the skel-
etals have been partially silicified. This contrasts with
the well-preserved and unsilicified fauna in the mudstones.

This contrast is probably caused by a difference in the
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Figure 21: Skeletal rudsotne and sandstone.

A‘

Skeletal rudstone, SK(V)l. Polished slab, section B, 1' level,
specimen U.W. 1718/18.

. Skeletal rudstone, SK(V)2. Thin section, section G, 40' level,

specimen U.W. 1719/19.

Quartz sandstone, lower Cutoff Formation, initial channel fill,
northeast of section J, Shumard Canyon. Filed photograph.

Same as C. Polished slab, specimen U.W. 1719/20.







permeability of the lithologies. The siliceous fluids
were able to move through the porous rudstones but not
the mudstone.

This rock type is limited to small channel fillings,
generally less than 1 meter in thickness and 10 meters in
width. Several occur in the basin and one is in the shelf
margin area (Williams Gulch, section G).

Tan, thinly laminated sandstone

This rock type is tan, thinly laminated, thin-bedded,
fine-grained quartz sandstone (Fig. 21). It is only pre-
sent within the Cutoff at the bottom of the Shumard Can-
yon channel, This channel is largely filled by the lower
vCutoff mudstone but two meters of this sandstone forms
the initial channel-filling deposit. It is exposed on the
west side of the channel on both the north and south walls
of South Shumard Canyon. The sandstone beds are truncated
and overlain by lenses of intraclastic rudstone (IR11, 12)
and beds of mudstone. The sandstone may have originally
extended across the entire 100-meter width of the base of
the channel.

INTERPRETATION OF LENS AND SHEET DEPOSITS

The rudstones, megabreccias, and sandstone in the
Cutoff are located in the shelf margin and basin area.
They are composed of material apparently derived from

the shelf and upper shelf margin. These deposits are
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subaqueous gravity flows (Cook et al., 1972; Mountjoy et
al., 1972). Dott (1963) recognized four classes of such
flows: rockfalls, slumping and sliding, mass flows, and
turbidity flows. The latter two have been divided by
Middleton and Hampton (1976) into debris flows, turibidity
currents, fluidized flows, and grain flows. Harms (1974)
considers the additional transport mechanism of density
interflows for coarse silts.

Crawford (in progrgss) considered similar thin de-
posits with a coarser sand size in the Goat Seep Formation
(Guadalupian). These deposits are also at a toe-of-slope
at the shelf margin of the Delaware Basin. Crawford
concluded that debris flows, fluidized flows, and density
interflows were the major depositional mechanisms. From
both field evidence and theoretical considerations he was
able to show that the debris flows were of two types:
turbulent and laminar. Turbulent behavior was favored by
steeper slopes and thicker flows.

Before speculating about possible mechanisms it is
worthwhile to consider what possibilities can be eliminated.
Grain flows were proposed by Bagnold (1956) as a transport
mechanism for sand. This proposal has been discussed at
length in literature. Most recently Lowe (1976) has ar-
gued that grain flows can only flow at angles near the

angle of repose, and that grain flow deposits are normally
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less than 5 centimeters thick. If correct, the angle of
slope (5-10°) and the thickness (1-30 meters) of the rud-
stones and megabreccias are evidence against a grain flow
‘mechanism. Turbidity flows are not believed important be-
cause graded beds are e;sentially absent from the Cutoff.k
One bed about 20 centimeters thick containing several
graded sequences occurs in the southeast wall of Bone
Canyon. This is the only example observed of graded
bedding of the type predicted by the turbidity current
model. Fluidized flows appear unable to transport material
in a subaqueous setting because the supporting pore fluids
are quickly dissipated (Middleton and Hampton, 1976). No
evidence of rockfalls or slumping and sliding are recog-
nized. All these mechanisms are believed to be of minor
importance for the transport of material into the basin
during Cutoff deposition.

Both the sandstone and those rudstones which lack
pervasive fine material in the interparticle position be-
tweenvgrain—supported clasts are sorted channel deposits.
The process of transport did not involve a major amount of
muddy material. Turbulent bottom-currents appear respon-
sible for these deposits and the cutting of their channels.
The bottom-hugging currents may have been density-driven
underflows, as suggested by Harms (1974) for the transport

of channel-filling sands in the Delaware Mountain Group.




The clast-supported megabreccias and rudstones with
a pervasive matrix are problematical because their texture
cannot be understood by any present model of depositional
processes. The texture is most similar to the texture of
a debris flow but there are some differences. Textural
features in common are: 1) pervasive fine material fills
all spaces, leaving no voids between the clasts, 2) ser-.
iate texture, 3) disorganized, ungraded position of the
clasts, 4) general lack of any internal stratification,
and 5) bumpy or mound-like upper surface due to local pro-
truding of clasts from some deposits. These features sup-
port the inference that the megabreccias and matrix-rich
rudstones are the deposit of a debris flow.

Differing sharply from the debris flow model are two
features which suggest turbulent flow: 1) the clast-sup-
ported texture, and 2) the erosional, channeled bases of
the megabreccias and rudstones. The clast-supported tex-
ture suggests turbulent flow but this texture could con-
ceivably result from post-depositional settling of clasts
through the less dense matrix of a liminar debris flow;
however, this seems unlikely. The erosional bases of the
lenses vary widely in shape. Some are steep-sided (10-
20°) and completely filled with rudite (MBI-4, IR10).

I suggest that the channel cutting and filling are close-

1y related and that this relationship may be the result

84




85

of common origin from a turbulent flow. Other scours are
broad features with flatter sides (<100) in which the
rudite is not the dominant fill. Two examples are present
on the south wall of Bone Canyon (IR8, 9). The broad
channel of the shelf margin containing the lower Cutoff

in Shumard Canyon is another such feature. Here it can be
clearly shown that the rudite was not the initial channel
fill. One to two meters of the remnants of sandstone beds
beneath the rudite indicate that sandstone was an earlier
channel fill. The sandstone fill was later truncated and
overlain by intraclastic rudstcne lenses (IR11l, 12). The
rudites may be related to the truncation of the sandstone
but they are separate from the channel-cutting event.

The amount of turbulence associated with those rud-
stones with a pervasive matrix and the megabreccias is
uncertain. These rudites all overlie erosional surfaces
but may or may not be related to the cutting of the chan-
nels. The persistent association of these rudites with
erosion surfaces is suggestive that these deposits are the
result of turbulent flows which eroded material.

Debris flows are normally inferred to be laminar grav-
ity flows. Winn and Dott (1979) found evidence of turbu-
lent behavior associated with debris flow deposits, as

did Crawford (in progress). Crawford also demonstrated
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that turbulent debris flows are possible from fluid mecha-
nics theory. Turbulent behavior is favored by steeper
slopes and thicker flows. I suggest that the rudstones
~with a pervasive matrix and megabreccias are debris flows.
Some of these may have been turbulent as well, the mega-
breccias in particular, but for most of these rudites the
presence or absence of turbulent flow cannot be determined.

Above the rudite lenses two types of caps are ob-
served. A thin, graded cap (Cook et al., 1972) a few
centimeters thick occurs above an intraclastic rudstone
lens (IR10) on the north wall of Bone Canyon. This thin
cap is probably the final depbsit of the (debris?) flow,

a tail of finer-grained material settling behind the body
of the flow. Other rudites such as the megabreccia lens
south of the mouth of Bone Canyon (BM1) are capped by 1-3
meters of conglomerate beds. These beds appear due to
either: 1) the reworking and/or winnowing of the upper-
most portion of the deposit by latter currents, or 2) later
channélized flow.

The lutite deposits are suspension deposits as dis-
cussed above. The depositional style (and presumably de-
positional process) is little affected by the bottom
topography. The bedding thickens only slightly into
paleotopographic lows which range in depth from a few

centimeters to 40 meters.
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In summary a variety of depositional processes are
inferred for the lens and sheet deposits in the Cutoff
strata. Mud-lean intraclastic rudstones and skeletal rud-
stones are inferred to be the channel deposits of density-
driven bottom currents. The mud-rich intraclastic rud-
stones and megabreccias are probematical but a mechanism
analogous to a debris flow (possibly turbulent) is sug-

gested. The lutite channel-fills are suspension deposits.

Depositional processes-which model?

The variety of rock types indicate a variety of depo-
sitional processes for Cutoff strata. The relationship of
fine-grained material to channel fills are quite similar to
features within the deep-water deposits of the overlying
Delaware Mountain Group: draping lutite beds and coarser
channel deposits (Harms and Pray, 1974). To date two con-
trasting models of depositional processes and setting have
been proposed for the Delaware Mountain Group. A review of
these models may help in interpretation of the Cutoff.

Delaware Mountain Group models

Turbidity currents and deep-sea fans: The model pro-

posed by Jacka and his co-workers (Jacka et al., 1968;
1969) relies upon analogy with modern continental slopes.
They proposed that the Delaware Mountain Group is composéd
of a complex of prograding and recessional deep-sea fans.

This interpretation is based on: 1) the vertical sequence
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of lithologies which fill the channels, 2) presence of tur-
bidite deposits, and 3) proximal to distal changes of 1i-
thology. These features were considered similar to modern
deep-sea fans, leading Jacka and co-workers to a straight-
forward analogy. Large scale variations were identified,
tied to cyclic shelf models, and finally inferred to be re-
lated to glacial sea level fluctuations.

Density currents and draping silts: Harms and Pray

(1974) and Harms (1974) proposed a depositional model
which differs in both observations and interpretations.
In his detailed analysis of the Delaware Mountain Group,
Harms (1974) recognized the lateral continuity of channel
fillings. The features noted were in contrast to the ob-
servations of the Jacka group: 1) lutite (predominantly
silt) beds which drape over both channel features and in-
terchannel areas, 2) sand deposits which are limited to
the channel filling deposits, and 3) lack of graded beds
or any proximal to distal changes. Based on depositional
geometry the lutites were interpfeted as suspension de-
posits and the sands as traction load deposits (Fig. 22).
Harms and Pray (1974) and Harms (1974) inferred a
density stratified basin with dehsity currents spilling
off the shelf. These density currents were turbulent and
driven by salinity and/or temperature contrasts. They

can account for the observed sedimentation features in
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the Delaware Mountain Group. Dense bottom-hugging flows
erode channels and deposit the channel-filling sands.
Interflows along surfaces of density contrasts carry the
~draping silts far out over the basin. Density currents
were not limited to a fan network but spread over the
slope and basin. These currents were also suggested as the
erosional agents of unconformity formation. The slope
margin area was also believed affected by episodic phenom-
ena such as debris flows, slumps, or deep wave action.

Recent studies of the Delaware Mountain Group have
supported this interpretation (Bozanich, 1979; Williamson,
1979).

Cutoff depositional model

The two models of deep water sedimentation in the
Delaware Basin differ in both depositional mechanism and
resulting deposit. Draping beds from interflows differ
from graded turbidite beds. Within the Delaware Mountain
Group the draping silt beds have supported the density
current model. But what is the case in the Cutoff?

The depositional geometries in the Cutoff are well
described by the density current-draping silt model, as
first suggested by Harms and Pray (1974). The general
lack of graded beds is strong evidence against turbidity
current deposition, especially in the carbonate deposits

that have a wide range of particle sizes. The absence
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of any apparent proximal-distal variations is also evi-
dence against the existence of a deep-sea fan.

The strata are predominantly draping lutite beds,
~including broad channel fillings. These are inferred to
be suspension deposits. Other channel deposits include:

1) traction deposits from bottom currents (mud-lean rud-
stones and sandstones), and 2) debris flows or some similar
process (mud-rich rudstones and megabreccias). The shelf
margin and basin edge are areas of erosional activity.
These are all features which favor the application of the
density current model to Cutoff deposition.

In comparison with the Delaware Mountain Group, there
are differences. In the Cutoff: 1) carbonate predominates
2) silt-sized sediment is less abundant because the lutites
are chiefly comprised of clay-sized particles, 3) traction
deposits (sand-size or greater) are less abundant, and
4) debris flow deposits are more common.

In the Cutoff a combination of suspension and traction
deposition is indicated. The relative abundance of each
may differ from that in the Delaware Mountain Group but
the depositional geometries are similar. The predominance
of draping lutite layers indicates a large amount of depo-
sition from suspension. The near constant thickness of
lutites from the shelf far into the basin suggests that

the fine particles were actively carried out into the




92

basin prior to settling or that the particles originated
on the surface waters of the basin. Because silt is not
normally carried in suspension far into a basin, the pre-
sence of silt in the basinal Cutoff also suggests active
transport. Harms' suggestion (1974) of density-driven
interflows for transporting silt into a basin is one pos-
sible solution. Turbulent interflows could transport
large amounts of clay and lime mud into basin waters away
from the shelf. The suspended clay-size material may pro-
vide the density contrast needed for flow movement. Tem-
perature and salinity contrasts could also be responsible,
as suggested by Harms for the Delaware Mountain Group
(which lacks shale or any clay-sized material).

The effects of bottom-hugging traction currents are
abundant. Channel erosion and bed scour indicate currents
were probably moving down the shelf margin and across the
basin. The bottom-hugging currents eroded broad (in places
over 100 meters in width), low relief channels at the toe
of the shelf margin slope (see next section). In Bone
Canyon (Fig. 25) these lenticular channel fills make up
half to two-thirds of the upper Cutoff strata. These chan-
nels are predominantly lutite-filled, but the iow abundance
of deposits coarser than silt-size may reflect a low supply
of coarse material rather than a lack of currents competent

enough to carry them. Sand size material in contemporaneous
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Permian strata (San Andres) is generally restricted to the
backshelf. The only available coarse materials were clasts
of lithified carbonate or material derived from shelf edge
failure (slump, etc.) resulting in debris flow (cf. Radar,
see Newell et al., 1953). Much of this material was car-
ried down the shelf margin by debris flows (turbulent?) in
channels or in sheet-1like bodies.

In summary, the depositional geometries within the
Cutoff indicate primarily suspension deposition and a lesser
amount of traction deposition. Turbulent bottom-currents
were active in eroding channels. A system of density cur-
rents (both interflows and bottom flows) driven by density
contrasts due to suspended fine material, salinity and/or
temperature contrasts best explains the pattern of deep-water
sedimentation. I have recognized no evidence for a deep-sea
fan system, where major introduction of material is in a
channel system with distal distributaries. Instead it ap-
pears as if channels were more randomly distributed along a
depositional slope and that major deposits mantled all of
the shelf margin, as also inferred for the Delaware Mountain

Group by Harms and Pray (1974) and Harms (1974).
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EROSIONAL PHENOMENA

"If she give ought,
she deals it in small parcels
That she may take away
all at one swoop."
Webster

Introduction

Evidence of erosional removal of material is abundant
in the Cutoff Formation. The erosional surfaces associ-
ated with the channel and sheet deposits are mute testi-
mony to this. More subtle but more extensive are the wide-
spread erosional surfaces which occur at the base of the
Cutoff, between lower and upper Cutoff, and at the upper
contact with the Brushy Canyon Formation (King, 1948; Pray,
1971; Pray et al., 1980). These surfaces are laterally ex-
tensive and can be traced throughout the 16 kilometers of
the study area. I consider these erosional surfaces uncon-
formities becau§e of the angular relationship of strata
above and below the surfaces, and because of the lateral
extent of the surfaces from shelf to basin. The origin of
these unconformity surfaces will be discussed below.

Channels within the Cutoff strata are abundant in the
shelf margin and basin areas, but absent in the shelf area.
Up to 10-30 meters of underlying strata may be locally re-
moved along these erosional features. On a smaller scale

erosional surfaces may truncate only one or more beds of -
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strata (one meter or less).

A bottom-current system of varying strength appears to
have been operative at least during some of Cutoff time.
Generally the effects are negligible but occasionally ero-
sion increased to carve 30 meter deep channels and form the

unconformities from shelf to basin.

Examples of erosion surfaces

Erosion surfaces are concentrated along the shelf mar-
gin (Shumard Canyon) and basin edge (Bone Canyon). The
stratigraphic relationships in this area are complex, due
in part to the erosional events (Fig. 4, 23). Before pre-
senting the details of these exposures, the/following dis-
cussion provides a useful outline.

Both the lower and upper Cutoff Formation occur in the
basin, underlain by the Bone Spring Limestone and overlain
by the Brushy Canyon Formation. The lower Cutoff strata
from the basin are erosionally truncated 0.4 kilometers
south of Bone Canyon. The upper Cutoff strata persists
northwards to the toe of the sloping bank margin, located
in Bone Canyon. The south wall of this canyon exposes a
complex pattern of broad (100+ meters wide) channels within
the Cutoff Formation, with both lutite and intraclastic
rudstone fills. The contact with the underlying Bone Spring
Limestone is an erosional unconformity along which two chan-

nel lenses of megabreccia occur (a third is exposed just
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south of the canyon mouth) ., The contact with the overlying
Brushy Canyon Formation is also an erosional unconformity.
The basal Brushy Canyon strata are composed of onlapping
beds of conglomerate (XKing, 1948). The north wall of Bone
Canyon reveals similar unconformable relationships except
the post-Cutoff unconformity truncates the Cutoff Formation
in the cenier of the north wall. The stratigraphic re-
lationships in Bone Canyon were detailed by King (1948) and
Newell et al., (1953). However, it was the later work of
Pray and Stehli (1963), Pray (1971), and Harms and Pray
(1974) which recognized the importance of the erosional
surfaces.

The shelf margin exposures of the Cutoff Formation oc-
cur in Shumard Canyon and Williams Gulch (the informal name
for the draw between Bone and Shumard Canyons, originally
used by McDaniel and Pray; see figure 3). The upper Cut-
off strata occur in Williams Gulch, 400 meters north of
the pinchout of basin Cutoff in Bone Canyon. From here it
can be fraced to the northern truncation of shelf margin
Cutoff 1.5 kilometers to the north in North Shumard Canyon
(Fig. 4, 23). The upper Cutoff strata contéin channels
filled with intraclastic and skeletal rudstone. The lower
Cutoff Formation fills the most spectacular channel of the
shelf margin area (Fig. 24). This occurs in South Shumard

Canyon, and cuts 30 meters into the Victorio Peak. It was
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first mapped by King (1948). The channel filling is pre-
dominantly lutite but includes megabreccia, intraclastic
rudstone, and sandstone. The surface between upper and
lower Cutoff Formation is an erosional unconformity which
truncates the lower Cutoff strata. Throughout the shelf
margin area the Cutoff Formation is underlain by the Vic-
torio Peak Formation and overlain by the Brushy Canyon
Formation. The interformational contacts are erosional
surfaces which dip basinwards (Pray, 1971). The origin
of these surfaces is not well understood (Pray et al.,
1980), as discussed below.

Shelfwards (to the north) these erosion surfaces rise
both stratigraphically and physically (Fig. 23). North of
the northern (shelfwards) pinchout of shelf margin Cutoff
strata, they merge together. The upper Cutoff Formation oc-
curs 1.6 kilometers to the north in a shelf position, as
mapped by King (1948). The pre-Cutoff unconformity flattens
abruptly, but the post-Cutoff unconformity continues to rise
another 70 meters to the top of the Cutoff strata. The
morphology of the truncation surface at this shelf edge is
that of a '"half-channel™, as discussed below. The Brushy
Canyon Formation onlaps about 300 meters of Victorio Peak
Formation and 10 meters of shelf Cutoff strata along
the post-Cutoff surface over a distance of 2.5-3 kilo-

meters (Fig. 4, 23), as described by King (1948). The
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Brushy Canyon strata pinch out 10 meters above the base of
the shelf Cutoff. Above this the Cherry Canyon Formation
onlaps the remaining 60 meters of the truncated Cutoff
strata. Shelfwards the Cutoff Formation does not contain
any internal channel features, but it is cut by a major
channel of post-Cutoff age which occurs 0.3 kilometers
north of Bartlett Peak. This channel (termed the Bartlett
Channel because of its proximity to Bartlett Peak) was
first discovered by McDaniel and Pray (1967) and illus-
trated by Harms (1974). It cuts through 70 meters of
Cutoff strata and 30 meters of Victorio Peak strata, and
is filled by Cherry Canyon Sandstone. It is the only large
erosional feature on the shelf except for the very low
angle truncation of the underlying Victorio Peak.

With this summary as a framework, the following
sections discuss the evidence of erosional phenomena in
specific parts of my study area. The discussion begins
in the basin and works northwards across the shelf margin
to theﬁshelf. Figure 23 should be consulted as a guide in
this discussion in addition to the individual canyon wall
mosaics presented.

Basin edge (Bone Canyon)

The exposures on the walls of Bone Canyon are the
clearest examples of erosional phenomena within the Cutoff

Formation. Erosional features on a variety of scales are
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present. Bone Canyon is located at the basin edge and is
the most accessible portion of the study area.

The Cutoff strata in Bone Canyon were first recog-
nized by Newell et al., (1953). Their "patch reefs'", now
interpreted as channel-filling megabreccias (Pray and
Stehli, 1963), occur in this area.

South wall: The south wall of Bone Canyon (Fig. 25)

exposes about 300 meters of strata of three rock units:
Bone Spring Limestone, upper Cutoff Formation, and Brushy
Canyon Formation. The lower steep cliffs of black lime-
stone are the Bone Spring and the upper cliffs are the
Brushy Canyon, sandstone with a basal conglomerate. The
less resistant strata between are the Cutoff.

The upper surface of the Bone Spring Limestone is the
basal Cutoff unconformity. It is visible due to the undula-
ting low-angle truncation of the bedding in the Bone Spring
Limestone. The upper surface of the Cutoff is a basin
sloping erosional surface (unconformity) which is capped
over most of the east-west exposure by basal conglomerate
beds of the Brushy Canyon (King, 1948). These two uncomn-
formity surfaces are the two most laterally extensive ero-
sional features visible in Bone Canyon. They serve to ver-
tically bound the Cutoff strata.

Two megabreccia channel lenses (MB2 & 3) occur along

the lower unconformity towards the west end of the canyon.

.
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Figure 25: South wall of Bone Canyon
Three formations are exposed in theISQuth’walijbf'Bone
Canyon. From canyon bottom upwards, they aré}:iBone
Spring Limestone (lower cliffs), Cutoff Formatiqn{"
(recessive slope), and Brushy Canyon Formation’(hpﬁer
cliffs)., The formations are seperated by erQSiqﬁaiv:
unconformities (incicated by cross-hatched»lineSiin‘\'
the sketch) which truncate underlying strata.» Sméiier
scale erosional phenomena occur within the Cﬁtbff'f 
strata., At the western edge of the canyoh wali;féil
units (2-5) of the upper Cutoff strata occur,:and can
be traced basinwards (south) from Bone Canyon.‘ ﬁnit
3 (lime mudstone) is erosionally truncated eastiéf the
canyon mouth, and the interbedded lime mudstone-
siliceous shale of units 2 and 4 merge. In the center
of the canyon wall, the three 100-200 mter wide};
channels with flat sides occur in‘unit 5, In two of
these broad channels, intraclastic’rudstone.lensesn
(IR 8 and 9) form the basal channel fill. Two smaller,
channel-filling lenses of megabreccia (MB 2 and 3)

occur along the basal Cutoff surface.
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A third lens of megabreccia (MB1) occurs 0.4 kilometers
south of the center of Bone Canyon. Less obvious but later-
ally more extensive features are the broad, 30 to 100 meter
‘wide channel scours within the Cutoff strata with sides
which rise at a low angle. Intraclastic rudstone lenses
(IR8 & 9) occur at the bases of two of these channels.

The resulting complex of erosion surfaces indicates that
stratigraphic removal along each broad channel was on the
scale of about 10 meters each.

On the scale of individual beds, scours of several
centimeters are abundant in the discontinuously bedded
mudstone of correlation unit 5. To show this relationship
a detailed sketch was made of a portion of the filling of
a 45 meter wide channel in southeast Bone Canyon (Fig. 26).
At the base of the channel filling is a bed of very
thinly laminated siliceous shale. The bulk of the channel
fill is nonlaminated, medium bedded 1ime mudstone.
Laterally the individual beds are discontinuous due to
scour. This discontinuity is well illustrated by the thin
layer of skeletal packstone which is absent across most of
the sketch due to a 1/4 meter deep scour. A rudstone lens
fills a small (1/3 of a meter) scour. Above this are the
only two beds which contain graded sequences, except for
"graded caps" of some rudites, observed in the Cutoff

strata. On this fine scale the relationships duplicate
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the larger scale pattern found on the canyon wall: bed
truncation, channeling, draping lutite beds, and rudite-
filled channel lenses.

North wall: The shelfward pinchout of the basin

Cutoff stratais exposed in the center of the north wall of
Bone Canyon (Fig. 27) beneath the onlapping beds of the
Brushy Canyon Formation. A channel lens at the top of
the Cutoff, composed of interclastic rudstone (IR10),
occurs 60 meters southeast of the pinchout. The sharp
truncation pattern at the pinchout implies the same se-
quence of events as indicated on the south wall, namely:
deposition of the Bone Spring Limestone followed by ero-
sion, deposition of the Cutoff Formation followed by a
second major erosional episode, and finally depositidnkof
the Brushy Canyon Formation.

Shelf margin (Williams Gulch-Shumard Canyon)

The most interesting, varied, and informative ex-
amples of erosional features are present in the shelf mar-
gin exposures of the Shumard Canyon complex and Williams
Gulch (the draw between Bone and Shumard Canyons).

Shumard Canyon branches into four major canyons 0.5 kilo-
meters east of the mountain front (Fig. 3).

The upper and lower Cutoff strata in Shumard Canyon

and Williams Gulch were first recognized and accurately

mapped by King (1948).
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Figure 27: North wall of Bone Canyon
The pinchout of the basinal Cutoff Formation (units 2-
5) occurs at the base of the shelf margin., It is |
exposed in the north wall of Bone Canyon. The Cutoff
strata is bounded by erosional unconformities above and
below. Units 2 and 3 are erosionally truncated in an’
upslope (north-west) direction by a channel filled with
intraclastic rudstone (IR 10), Just west of this 1lens,
unit 4 onlaps the pre-Cutoff unconformity surface,
Unit 5 is eroded above the rudstone lens but reappears
locally to the west. It onlaps the pre-Cutoff surface
and is, in turn, truccated by the post-Cutoff

unconformity at section F,
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Williams Gulch: 1In the north and south forks of Wil-

liams Gulch the upper Cutoff Formation occupies a shallow,
150 meter wide scour cut into the Victorio Peak Formation.
The Cutoff strata are sharply truncated by the post-Cutoff,
pre-Brushy Canyon unconformity, creating the southern
pinchout of the shelf margin Cutoff. This occurs on the
south wall of Williams Gulch (Fig. 4 and 28). The preserved
Cutoff strata can be traced across the gullies into South
Shumard Canyon. In the north arm of Williams Gulch a thin
lens (1 meter) of skeletal rudstone (SK(V)2) occurs in
section G at the base of correlation unit 5.

The orientation of the broad (150 meter wide) scour
that the Cutoff strata occupy in Williams Gulch is uncer-
tain. It appears to be approximately east-southeast. The
continuation of the scour may be at the pinchout of the
basin Cutoff in the north wall of Bone Canyon, 400 meters
to the southeast. 1In both places the base of the Cutoff
strata, draping over the scour surface, rises sharply to
the west and is abruptly truncated by a nearly horizontal
erosion surface beneath the Brushy Canyon Formation.

South Shumard Canyon: Both the upper and lower Cut-

off Formation occur in South Shumard Canyon. The lower
Cutoff appears as a channel-filling which is exposed on
both the north (Fig. 29) and south walls of the canyon.

This occurrence was first noted by King (1948). The
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Figure 28: South wall of Willians Gulch
The basinwards (southern) truncation of the shelf
margin Cutoff Formation occurs in the south wall of
Williams Gulch, Units 2-4 onlap the pre-Cutoff uncon-
formity surface, a broad chaﬁnel cut into the Viectorio
Peak Formation. Units 4-5 are truncated by the post-
Cutoff unconformity and are onlapped by the sandstones

of the Brushy Canyon Formation.,
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Figure 29: North wall of South Shumard Canyon
In the shelf margin area the lower Cutoff Formatian
occurs as a large lens which fills a channel cut into
the underlying Victorio Peak Formation., At the base of
the chamnel fill is a 3.5 meter thick lens of intra-
clastic rustone (IR 11), Above is a 2 meter thick |
shale bed, but the bulk of the channel fill (40 meters)’
is black, cherty lime mudstone., On the west-facing"
exposure of this channel (out of this view), the
earliest channel fill, 2 meters of quartz sandstone,
occurs with a sec