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Chapter 5

LOWER SAN ANDRES/CUTOFF SEQUENCE

5.1 iNTRODUCnON

Although the lower San Andres/Cutoff sequence was not the focus of this study, this chapter provides

a background for understanding the genesis of the basal sequence boundary of the succeeding upper San

Andres sequence. The sequence stratigraphic interpretation of the lower San Andres/Cutoff interval in Last

Chance Canyon remains problematic and probably warrants further work.

Sarg and Lehmann (1986a) divided the lower San Andres Formation into transgressive and highstand

systems tracts which they informally termed "lower San Andres" and "middle San Andres," respectively.

This nomenclature is not followed in this study because it is felt that informal subdivisions of formations

should be limited to description of interpreted sequences (eg., lower San AndresA^utoff, lower-upper San

Andres, and upper-upper San Andres); formally or informally naming systems tracts unduly expands the

stratigraphic nomenclature.

5.2 Transgressive Systems Tract

Figure 5.1, a simplified version of Plate 2, shows that facies within the lower San Andres/Cutoff

sequence have lower depositional dips (l°-2®) and significantly greater lateral continuity than those of the

upper San Andres sequence. A structure contour map of the top of the laterally continuous, 20 m thick,

parallel laminated to bioturbated very fine grained sandstone (spbSi) facies shows 1® to 3** eastward dips in

the central to western portions of the study area (Fig. 5.2). Whereas steep dips further east are the result of

Tertiary reactivation of the Huapache fault zone, the low-angle dips to the west are interpreted as deposi

tional in origin.

Shaley toe-of-slope facies of the Cutoff Formation wCTe deposited on top of the Leonardian Yeso—

Victorio Peak bank complex during the major late Leonardian to Roadian transgression (Figs. 2.8,3.1;

Haitis, 1988a, b). The low-angle depositional dips within slope facies record a low-angle slope (or ramp)

landward of the underlying "inherited" or "physiographic" Yeso—^Victorio Peak shelf margin (Fig. 5.3).

Exposures of the lower San Andres/Cutoff sequence in Last Chance Canyon are limited to the valley

floors. Due to limited outcrop exposures and a concentration of effort on the upper San Andres sequence,

genetic sequences were not broken out within this sequence. Three facies have, however, been identified

within the lower San Andre^utoff transgressive systems tract: 1) bioturbated wavy-bedded lime mud-

stone (bwbM); 2) swaley bedded, parallel laminated to bioturbate very fine grained sandstone (spbSi); and
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3) laminated swaley-bedded peloid/coated grain grainstone (spcG). All these fades were deposited on the

outer portions of a broad, oxygenated, low-angle slq)e or ramp, with the latter two fades occurring well

within storm wave base.

The 20 m spbS i sandsttme is significant in that no comparably thick sandstones are seen in lower San

Andres units on Algerita Escarpment or in the Brokeoff Mountains (Sarg and Lehmann, 1986a, b; W. M.

Fitchen, pers. comm., 1990). This might imply that the Last Chance Canyon area received an enhanced

sand supply during Early Guadaliq)ian time. During lower San Andres time, however. Last Chance

Canyon, was in an outer-ramp to slope position relative to the Algerita Escarpment and the Brokeoff

Mountains. Sandstone wedges such as that represented by the spbSi sandstone may pinch out (by marine

onlap) against the underlying carbonate slope profile (fusulinid bank margin) as it steepens in a landward

direction. The absence of lower San Andres sandstone in the Algerita Escarpment and the Brokeoff

Mountains could reflect their more landward position relative to Last Chance Canyon rather than geo

graphical variations in siliciclastic sediment flux.

The base of the 20 m spbSi sandstone is exposed in only one location (LCC #19) whao it is sharply

underlain by cherty brachicqKKl dolranudstone-wackestone that is bioturbated and light grey in color. This

sharp siuface may represent an additional sequence boundary within the greater lower San Andres sequence

(Fig. 5.1; Plate 2). Because most of the Iowct San Andres section does not outcrop in Last Chance Canyon,

the temporal significance (i.e., "order") of the possible additional sequence boundary remains uncertain.

The TST is capped by the interpreted maximum flooding surface, across which facies deepen (Figs.

5.4,5.5) from aerobic middle- to outer-ramp deposits (bwbM facies) below, to dysaerobic distal ramp or

slope deposits (fissM, IgMW facies) of the overlying HST. Sarg and Lehmann (1986a) first recognized the

significance of this surface. The landward limit of cross-section A-A' (Fig. 5.1, Plate 2) portrays additional

skeletal-rich beds below the interpreted MFS that have no physical expression to the east These beds are

allodapic skeletal (brachiopod-fusulind) packstones (askP facies) interpreted as outer-ramp deposits. Due

to limited outcrop exposures and the related lack of well-defined genetic sequences within the TST, this

flooding surface cannot be rigorously shown to overlie a landward-stepping genetic sequence set, as

predicted by systems tract models (Van Wagoner et al., 1988; Sarg, 1988). Such a criterion, as yet undeter

mined, would assist in discriminating a depositional sequence scale (third-wder) maximum flooding

surface from a genetic sequence scale (fourth- ot fifth-order) flooding surface.
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5.3 Highstand Systems Tract

The base of the lower San Andres/Cutoff highstand systems tract is marked by a transgressive lag and

facies dislocation (Figs. 5.4,5.5). Transgression is indicated by the superposition of fissile partly-lami

nated (wackestone)/mudstone (fissM/lgMW) facies above either bioturbated wavy-bedded lime mudstone

(bwbM) facies (to the east) or laminated swaley bedded peloid/coated grain grainstone (spcG) facies (to the

west) (Figs. 5.1,5.6; Plate 2). The fissM facies is interjnreted as dilute carbonate turbidites or very distal

storm deposits interbedded with more argillaceous carbonate dr^ dqxrsits of hemipelagic origin. It is

typical of the Cutoff Formation with which it has been correlated biostratigraphically (Harris, 1982,1988a;

Wilde, 1986a). Deposition in dysaerobic waters is inferred by minor burrowing and the near absence of an

autochthonous shelly fauna. This contrasts with facies in the underlying TST that were deposited in

aerobic waters within to slightly below storm wave base.

A thin three-part record of the initial flooding, sediment reworking, and ensuing hiatus composes the

"transgressive event" (Figs. 5.4,5.5) that separates the TST and HST. The initial deepening is represented

by extensive burrows which are often filled with fine skeletal material and glauconitic peloids. Overlying

this zone is a silicified skeletal packstone lag up to 20 cm thick and containing an assortment of brachio-

pods, fitsulinids, rugose corals, and rare ammonoids, all of which are larger than any seen in the overlying

and underlying units. This fossil rich zone is interpreted as a condensed interval that was partly winnowed

by major storm events, forming a transgressive lag. Wilde (1986b) reported fusulinids of Roadian (Earliest

Guadalupian) age from this interval, establishing correlations with outcrops of the Cutoff Formation on the

Western Escarpment of the Guadalupe Mountains and in the Glass Mountains. Overlying the lag is a

dramatically bored surface, representing a non-depositional hiatus, that is infilled by glauconitic peloids

and is usually encrusted by pyrite (Fig. 5.4).

In Last Chance Canyon's most landward exposures (LCC #22) the bored, pyrite-coated surface is

developed on laminated, swaley-bedded peloid/coated grain grainstone. The bored surface is overlain by a

carbonate breccia with light colored angular dolomudstone clasts derived fixrm an undetermined source

(Fig. 5.6). These relationships contrast dramatically with the seaward (to the east) superposition of

laminated lime mudstone/argillaceous lime mudstone couplets on the flooding surface (Figs. 5.4,5.5), and

lead to an altemative hypothesis that is distinct from Sarg and Lehmann's initial interpretation (1986a);

namely, that this bored surface is not a maximum flooding surface but a merely a flooding surface overly

ing an aggradational lowstand or shelf-margin systems tract that commenced with the proposed sequence

boundary at the base of the spbS 1 sandstone. In this scenario, the localized carbonate breccia (Fig. 5.6)
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may represent a karst breccia at or near the seaward limits of subaerial exposure. Subsequent transgression

of the low-angle ramp resulted in the slow deposition of toe-of-slope or outermost ramp flssM facies. The

fissile mudstones rocks may represent deposits of the TST, rath^ than the HST, as originally proposed by

Sarg and Lehmaim (1986a).

Cyclicity is not apparent within the toe-of-slope fissM facies constituting the 5 to 25 m thick HST (?).

The deq), toe-of-slope environment coupled with variable amounts erosion at the overlying sequence

boundary limits fourth-order correlations with the 100+ m lower San Andres HST C'middle San Andres")

on Algerita Escarpment. Whereas fissM beds at the base of the HST contain amalgamated distal storm

deposits or dilute turbidites interbedded with argillaceous mudstone, strata appxraching the submarine

erosional surface interpreted as the sequence boundary with the upper San Andres lose their interbedded

nature and become argillaceous lime mudstones, suggestive of pure hemipelagic rain.

In the western (landward) limits of the study area, the HST is represented by lower-slope wackestones

and allod£q)ic packstones that begin to exhibit depositional topogrtq)hy and offlap. Whereas facies within

the TST are suggestive of a low-angle carbonate ramp, stratal relations and facies within the HST imply

that the ramp profile was evolving into a steeper shelf-slope depositional profile. Based on correlations

with the Algerita Escarpment, Sarg and Lehmann (1986a) suggested that the terminal bank margin ot

"distally-steepened" shelf-margin (Read, 1982) of the lower San Andres highstand systems tract (their

"middle San Andres") lies 5 to 10 km landward (east-northeast) of Last Chance Canytm, and would be

represented in that position by grain-rich fusulinid banks.

The present inability to rigorously discon genetic sequences within the lower- to toe-of-slope facies

of the lower San Andres/Cutoff sequence HST limits the effective utilization of stacking patterns in the

interpretation of the overlying sequence boundary with the upper San Andres. This is a weakness of the

existing interpretation because Mie must rely solely upon the nature of the surface interpreted as the

sequence boundary, and on the facies assemblage overlying the boundary (see Chapta* 6). The toe-of-slope

IgMW to fissM facies succession within the HST offers little indication that the coeval outer-shelf and

slope are seaward-stepping, as would be anticipated below a sequence boundary. These inconsistencies

suggest that either: 1) the transgression was so significant that the toe-of-slope HST (fissM mudstones) was

too distal to record any shallowing-upward ̂ proaching the sequence boundary, or 2) the shallowing-

upward portion of the record has been eliminated by the submarine erosion evident at the sequence bound

ary, or 3) the current position of the sequence boundary between the lower and upper San Andres se

quences (this study and Sarg and Lehmann, 1986a) is in error.
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Chapter 6

LOWER-UPPER SAN ANDRES SEQUENCE

6.1 Introduction

The lower-upper San Andres sequence represaits a further division of the upper San Andres sequence

as previously defined by Saig and Lehmann (1986a). In Last Chance Canyon, the upper San Andres

sequence is bounded at its base by a siuface of submarine ̂ sion. This sharp erosional surface separates a

burrowed lower- to toe-of-slope carbonate apron, deposited in aerobic bottom waters, from underlying

laminated lime mudstones that were deposited in dysaerobic bottom waters and form the toe-of-slope

portions of the lower San Andres/Cutoff sequence.

The lower Cherry Canyon sandstone tongue was originally thought to be spatially (and temporally)

associated with a carbonate "megabreccia" found ̂ radically at the base of the upper San Andres se

quence (Sarg and Lehmann, 1986a). Sarg and Lehmann (1986a) grouped six facies of this study, the

megabreccia-debris flow (ciRF) facies, the nRWM carbonate ̂ iron facies within genetic sequence ("GS")

#1, the fissM and cmsW slope facies within GS #1-3, and the turbiditic sandstones of GS #4a-b into the

landward limits of a "canyon backfill" facies association (Fig. 3.4). Although these varied facies are

spatially contiguous in lower-slope posititms (Fig. 3.4, Plate 2), tracing of individual bedding surfaces

inferred to represent time lines demonstrates that the surface immediately underlying the first appearance of

lower Cherry Canyon tongue sandstones (below GS #4a: Fig. 6.1) is considerably younger than the

sequence boundary separating the lower San Andres/Cutoff sequence from the upper San Andres sequence.

These two surfaces diverge dramatically in a landward direction (Fig 6.1, Plate 2). The younger surface

ultimately becomes an outer shelf topliq) surface over which lower Cherry Canyon tongue siliciclastics

bypassed. The present interpretation suggests that this surface formed during an additional fall in relative

sea level occurring within the greater upper San Andres sequence. Therefore, I have subdivided the upper

San Andres sequence into two sequences, termed the "lower-upper" San Andres sequence and the "upper-

upper" San Andres sequence (Figs. 5.3,6.1). It is imcertain whether these subdivisions of the upper San

Andres sequence are third- or fourth- ("third-and-a-half?"...) order sequences; consequendy, it is also

uncertain whether ccnnponent genetic sequences are fourth- or fifth-order in duration.

Nine facies were identified in lower-upper San Andres outcrops, ranging from slighdy restricted

outer-shelf massive dolomite peloid (wackestone)^ackstone (mpWP) down to the dysaerobic toe-of-slope

fissile (wackestone)/mudstone (fissM) (Fig. 6.1; Plate 2). Facies associations and stratal relationships

within the lower-upper San Andres sequence are described in two parts, the transgressive and highstand
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systems tracts. The transgressive systems tract is represented by a lower- to toe-of-slope facies assemblage

alone. Facies and bedding within the TST show a trend of upward decreasing frequency of deposition

c^)ped by a large-scale downlap surface. The highstand systems tract includes both lower- and upper-

slope facies assemblages, shows pronounced offl^, and is capped by a prominent tq)l^ surface. Unlike

peritidal carbonate facies, lower-upper San Andres facies in Last Chance Canyon are inctqjable of precisely

recording small-scale variations in water depth. The limited range of facies and their lack of bathymetric

sensitivity, coiq)led with an absence of significant reciprocal carbonate-siliciclastic sedimentation makes

genetic sequence delineation more difficult in the lower-upper San Andres than in the upper-uppo* San

Andres sequence (Chapter 7).

6.2 Characteristics of the basal sequence boundary

The basal sequence boundary of the lower-upper San Andres sequence is a submarine surface of

erosion exhibiting the following key characteristics:

1) erosional truncatimi that is correlative throughout the study area;

2) complete bypass or, alternatively, the complete erosional removal of any lowstand systems tract

sandstones correlative with the Brushy Canyon Formation or the lowermost Cherry Canyon

Sandstone Tongue (Fig. 5.3);

3) presence of a burrowed or bioturbated lower to toe-of-slope carbonate apron unconformably

overlying dysaerobic fissile, laminated lime mudstones of the lower San Andres/Cutoff sequence;

4) lack of an obvious shallowing-upward or seaward-stqiping stacking pattern within the underlying

flssM facies;

5) localized occurrence of a carbonate megabreccia overlying the boundary; and

6) a conspicuous absence of allochthonous shallow water fauna or facies within the overlying

carbonate apron.

Characteristics 1,3, and 5 are suggestive of a sequence boundary, but characteristics 2,4, and 6 may be

inferred either as weak indicators for a sequence boimdary w as evidence that the surface is not a sequence

boundary. The basal surface and the absence of siliciclastics are discussed in more detail below. The

nature of the carbonate apron and the associated megabreccia are discussed in the succeeding section on the

transgressive systems tract

Cross-section A-A' (Fig. 6.1; Plate 2) was constructed in order to be parallel with the inferred east-

southeast depositional dip of the ui^r-upper San Andres highstand systems tract Although the interpreted

sequence boundary has significant erosional relief of up to 10 m in both depositional dip and strike aspects.



T.3915 161

the undulating erosional relief depicted on cross-section A-A' does not accurately portray the stratal

relations in depositional dip view. This geometry is an artifact of having projected a few narrow, southeast-

trending gullies or slump axes within the lower-upper San Andres TST from along strike into the cross-section.

Water depths for units above and below the sequence boundary were at least 150 m, based on the toe-

of-slope facies interpretation coupled with that portion of depositional topography expressed on outcrops.

The fall in relative sea level is inferred primarily from the stratigraphically abrupt improvement in water

quality as inferred from burrowing, and an apparent increase in the rate of hemipelagic carbonate deposi

tion at the toe-of-slope. Sarg and Lehmann (1986a) inferred that sands feeding the Brushy Canyon and

lower Cherry Canyon tongue bypassed seaward across the submarine sequence boundary separating the

lower San Andres/Cutoff sequence from the upper San Andres sequence. The absence of sand traces

immediately above the sequence boundary is somewhat perplexing; perh£q)s submarine erosion continued

after termination of bypass, yet prior to accumulation of the carbonate apron, thereby eliminating direct

sedimentologic evidence of siliciclastic bypass. It is important to remember that multiple phases of

submarine erosion may have occurred along this sequence boundary. Alternatively, Last Chance Canyon

may not have been a siliciclastic point source during bypass of Brushy Canyon equivalent lowstand sands.

The conspicuous absence of a siliciclastic-rich lowstand systems tract in Last Chance Canyon may also be

an indirect consequence of the control of the ancestral Huapache fault zone on sedimentation. Leonardian

sediment starvation in the Huapache sub-basin resulted from the inferred stacking of Abo and Victorio

Peak shelf margins along the trend of the Huapache Wrench zone (Figs. 2.5,5.3). All upper San Andres

strata exposed in Last Chance Canyon lie landward of the terminal shelf margins of underlying Leonardian

strata. The inherited, physiographic shelf margin of Leonardian age separates the Huapache "positive"

from the relatively sediment-starved Huapache sub-basin to the east (Figs. 2.5,5.3). The consequent

topographic depression probably persisted through the Middle Guadalupian, limiting aggradation of

Roadian and Earliest Guadalupian-age basin sandstones (Brushy Canyon) and precluding deposition by

onlap onto the Huapache positive. Long-term basin fill patterns are further discussed in Chapter 8.

6.3 Transgressive Systems Tract

The transgressive systems tract may be composed of up to three genetic sequences, however, only one

was defined because facies diversity in the lower- to toe-of-slope is limited, and consequently the percep

tion of facies shifts is quite difficult. Genetic sequence #1 (GS #1) is represented by a lower- to toe-of-

slope carbonate apron throughout most of the study area. Limited exposures of lower- to middle-slope

facies exist in the western limits of the study area (LCC #18,22; Plate 2), and upslope and shelf equivalents
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are not exposed. Within GS #1, additional units la, b, and c are recognized. They probably represent toe-

of-slope equivalents of three landward-stepping fourth-order genetic sequences, hence their inclusion in the

transgressive systems tract. Alternatively, they may represent the similar geometric organization of

landward-stepping components ("fifth-order?") within one fourth-order genetic sequence. The origin and

position of units la-c within a sequence context remains uncertain, because it is not known if apparently

cyclic bedding patterns were generated by autogenic factors such as episodic slope failure induced by

storms or earthquakes, or if they were generated by allogenic controls on carbonate production and

progradation rates such as climate or eustasy.

Lower to Toe-of-Slone Carbonate Anron:

Overlying the erosional surface interpreted as the basal sequence boundary is a prominent, often chff-

forming, carbonate unit composed of nodular lime rudstone/wackestone/mudstone (nRWM), laminated

graded mudstone/wackestone (IgMW), allodapic skeletal wackestone/packstone (askP), and cherty

intraclastic rudstone (ciRF) (Fig. 6.1, Plate 2). The bulk of the apron shows a suite of rock fabrics ranging

from burrow-mottled, differentially compacted, pseudo-brecciated floatstone/rudstone to undisrupted, thin-

to very thin-bedded wackestone/mudstone. These two end-member fabrics grade into one another and are

incorporated within the nodular lime rudstone/wackestone/mudstone (nRWM) facies (Figs. 4.12-4.23).

Basal beds within the apron generally show the greatest textural disruption in the form of in situ brecciation

and differential compaction. Based on evidence within the least disrupted beds, the nRWM facies is

interpreted as the product of dilute turbidity currents.

The apron attains thicknesses of up to 15 m (Figs. 6.2,6.3) and usually can be divided into units la,

lb, and Ic (Figs. 6.2,6.4,6.5). Bedding within each unit thins progressively upward; in addition, there is a

progressive thinning from one unit to the next. Chert-replaced Thalassinoides burrows and robust, intact,

possibly autochthonous silicified brachiopods and rugose corals are common in thin units lb and Ic

whereas skeletal material is rare to absent in the oldest and thickest apron unit, la. In places, the apron is

capped by a hardground (Fig. 6.6) with borings filled by fine skeletal debris (brachiopods, trilobites,

conodont fragments) and glauconitic peloids. These observations point to increasingly intermittent

carbonate turbidite sedimentation coupled with penecontemporaneous submarine cementation (micritic).

The upper surface of the GS #la-c apron has a mounded or hummocky appearance (Fig. 6.4). With

the exception of a localized debris flow deposit (ciRF facies), the mounded upper surface is erosional rather

than depositional in origin. The nRWM facies forms the apron thicks and occurs lateral to

paleotopographic lows along the top of the apron that correspond to linear stratigraphic thins oriented down
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Figure 6.3—Map of grainy axial conduits (data in meters) shown with askP and ciRF facies patterns. These conduits are depositional
thins within the lower- to toe-of-slope carbonate apron composed of nRWM facies (no pattern shown). Conduit "B" is shown in Figures
6.2 and 6.7. Conduits "C" and "D" are shown in Figure 6.4. The grainy conduit trends are well constrained by outcrop observations. The
megabreccia/debris flow deposit in section 33 (conduit A; Fig. 6.9) may have sourced from middle- to lower-slope slumps, a possible
analog of which may be reflected by the prominent truncation surfaces seen in the slope apron of Figures 6.2 and 6.4. 2
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Figure 6.5—Dip caiented view (seAie section 6) of lower-upper San Andres fusulinid bank. Note the
mounded aggradatitxial nature of the fusulinid shoal left of center. The expanding sandy interval on the right
represents the updip limits of the siliciclastic portions of GS #4 and #5 (see Fig. 6.1; Plate 2) and marics the
base of the upper-upper San Andres sequence. The lower-slope carbonate tpx)n outcrops above the stream
bed and is over IS m thick here. No measured sections were made within this photograph; hence, bound
aries between GS #1,2, and 3 are poorly constrained. The base of the resistant cliffs overlying the apron
represents the transition betwe^ limey fissM facies and dolomitic cmsW facies.
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depositional dip (Fig. 6.2,6.3). Thin to medium beds within the apron are sharply truncated by erosional

surfaces dipping into the thin axes (Figs. 6.2,6.4). Such erosion is inferred to result from repeated episodes

of scour by skeletal-rich debris flows (?) funnelling through conduits "A," "B," "C," "D," and "E" (Fig.

6.3). Minor conduits such as "C" and "E" are flat based (Fig. 6.4); however the major conduits "A," "B,"

and "D" show significantly enhanced erosional truncation at the und^lying sequence boundary (Figs. 62,6.7).

These conduits are incompletely filled by "grainy" facies such as allod{q>ic skeletal packstones and

grainstones (askP facies). The flows responsible for these deposits are interpreted as similar in nature to

those that eroded the conduits themselves. Within the "B" ccHiduit axis, the thin (0.2-2.0 m) allodapic

skeletal packstone conduit-fill is equivalent to subunits la, b. Skeletal-filled burrows penetrate laminated

lime mudstones of the lower San Andres/Cutoff sequence (Fig. 6.8) and indicate that bypass occurred prior

to d^sition of the allodapic skeletal packstone. The lateral change from high energy, grainy askP facies

within a conduit to nRWM facies in the laterally adjacent £q)ron thicks (most evident in conduit "C"; Fig.

6.4) suggests that some form of upslope gully system existed, possibly of slump-scar origin, that preferen

tially funnelled skeletal debris downslope during dqrosition of GS #1.

Early lithification of sediment to form firmgrounds or hardgrounds, and the potentially v&ry early

differential silicification evident within the nRWM facies provide two potential mechanisms for local slope

instability c£q)able of triggering slump-scar formaticm and/or turbidity currents. Differential early marine

cementation of thinly bedded carbonates (presumably by micritic Mg-calcite and/or aragonite) provides an

additional instability potential that may lead to slope failure and result in downslq)e debris flow deposits

(Cook et al., 1972; Hopkins, 1977). Thus, some truncation surfaces within the GS #1 carbonate apron

(Figs. 6.2,6.4) may also represent slump scars and are not necessarily the exclusive product of erosion by

bypassing allodapic packstone/grainstones (askP) similar to those found within conduit axes. Such slump

events (or equival^t events that are unexposed and occurred upslope) could be responsible for the

megabreccia-debris flow deposits in secticxi 33 (Figs. 4.8,6.9).

The carbonate apron was locally remobilized into a carbonate megabreccia (Figs. 4.8,6.9), evident in

certain Last Chance Canyon streambed exposures emphasized by Sarg (1986a). Cobble to large boulder-

sized clasts within the ciRF facies appear to be derived from lower- to middle-slqre nWRM, fissM, IgMW,

or cmsW facies either within, or just upslope from the carbonate apron. The mounded megabreccia-debris

flow accumulation of section 33 may represent the fill of yet another "apron conduit" C'A": Fig. 6.3). The

relatively local derivation of the megabreccia-debris flow clasts is indicated by 1) thin-bedded,

Thalassinoides-h\]rTov/&d cmsW facies blocks, 2) the absence of shallow water fauna (even fusulinids are

rare), and 3) the absence of intercalated siliciclastics.
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Figure 6.9—^Note the mounded carlxmate megabreccia/debris flow deposit immediately overlying the
erosive basal sequence boundary of the lower-upper San Andres sequence. A thin carbonate turbidite (Fig.
4.18) locally overlies the compound debris flow and is noted on the left. In this toe-of-slope position the
lower-un)er San Andres is represented by the megabreccia and overlying thin-bedded dolomudstones of
GS #2 and 3. This IS m thick carbonate package expands to over 70 m thick less than 2.6 km landward
where it is represented by a lower slope carbonate apron and the overlying lower-iqtper San Andres
fusulinid bank! The turbiditic peloid-rich sandstones of GS#4b and the bioturbated fiisulinid-peloid rich
sands of GS #5 and 6 onl^ the low»-upper San Andres bank 2 km landward. Each of these toe-of-slope
transgressive sandstone hemicycles is genetically related upslope to onlapping sandstone hemicycles and
overlying, autochthonous, aggradational to progradational carbonate hemicycles (Plate 2; Oiapter 7).
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Both the nRWM fades apron and the allodapic skeletal wackestondptK:kstone (askP) within conduit

axes are succeeded gradationally by laminated graded mudston^wackestone (IgMW) and laminated lime to

dolomitic mudstone (fissM). Facies succeeding the apron or conduit-fill fades are initially less burrowed,

suggestive of a possible decrease in oxygenation associated a deepening water column. In the axis of

conduit "B", a thin skeletal packstone grades laterally to an ammonoid floatstone (Fig. 6.10). Dead

ammonoids presumably accumulated on a widespread omission surface and were then resedimented and

concentrated into this deposit. The ammonoid floatstone provides additional evid^ce of a period of

condensed or slow sedimentation during the waning phases of apron deposition.

6.3 Highstand Systems Tract

The two youngest genetic sequences within the lower-uppo* San Andres sequence compose an

aggradational, amalgamated fusulinid bank whose terminal shelf margin is inferred to lie tqtproximately 4-8

km seaward of the Iowct San Andres/Cutoff sequence's terminal shelf margin (Figs. 2.S, 6.1). Lower-slope

facies within the HST are composed of laminated graded dolomudstone/dolowackestones (IgMW), lami

nated lime to dolomitic mudstones (fissM), and cherty microskeletal dolowackestones (cmsW) that overlie

the TST lower-slope carbonate apron. These facies are sharply overlain by sandsttmes of the upper-ipper

San Andres sequence (GS #4a-b). The middle- to uppa--slope fusulinid bank facies assemblage is dis

cussed in further detail because it provides an important contrast to the fusulinid facies assemblage of the

upper-upper San Andres HST.

Middle to Unner Slone Fusulinid Bank Facies Assemblage:

The middle- to uppo'-slt^ fusulinid bank facies assemblage is characterized by an ovoall shoaling-

upward facies succession interrupted by truncation surfaces that are most evident within the fusulinid

shoals (within cbfW and fuGP facies) but become more conformable down the shoal flanks (within cbfW,

cmsW, and fissM facies). Truncation surfaces overlain by slightly silty, relatively skeletal lean

dolowackestones are the only evidence fw significant breaks in sedimentation. Some of these surfaces may

represent autogenic slope failure. Others may be more significant and represent short term falls in relative

sea level during which the intersecticHi of st(»m or even fairweather wave base with the seafloOT may have

triggered slope failure. Because these surfaces become relatively conformable down depositional dip, and

because depositional dips are so variable within the aggradational fusulinid bank, the origins of these

truncation surfaces was not resolved. The GS #2/#3 boundary is therefore difficult to determine and largely
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inferential within the fusulinid bank because the overall package is so aggradational and significant facies

shifts are not present. The lack of prominent reciprocal caibonate-siliciclastic sedimentation further

obscures depositional episodicity and contrasts with the upper-upper San Andres sequence. The main

evidence for the presence of at least three genetic sequences within the lower-upper San Andres is based on

the well exposed truncation surfaces in the lower slope assemblage shown in Figures 6.2 and 6.7.

The fusulinid-rich facies tract shows prominent mounding that is apparently depositional in (sigin

(Figs. 6.4,6.S). The mounds are roughly 10 to 20 acres in area and are "three-dimensional" in the sense

that stratal surfaces dip downward in all directions. Boyd (1958) termed this geometry "truncated compac

tion folds." Pervasive dolomitization confounded efforts to determine if differential early marine cementa

tion could have contributed to significant differential compaction. Although major storm events may have

been resptmsible for the bedding plane definition, the magnitude of these mounds, coupled with the lack of

traction-formed sedimentary structures argues against an origin by current winnowing. The mounded

geometry is interpreted as unrestricted aggradation by scattered, relatively autochthonous fusulinid commu

nities. By contrast, fusulinid shoals of the upper-upper San Andres HST are much more progradational

because they aggraded into waters at or near the upward limit of fusulinid tolerances (10-30 m; Ross, 1983;

Wilde, cited in Rossra and Sarg, 1988). The low^-upper San Andres fusulinid facies tract is over 1 km

wide alcHig depositional dip (l°-3°). This also contrasts dramatically with genetic sequences within the

HST where fusulinid facies occur on steeper (5*^-15°) ̂positional slopes forming relatively narrow tracts

less than 300 m wide.

Based on stratal relationships and facies shown in Figures 6.1 and 6.7, middle- to lower-slope portions

of GS #1-3 contain small-scale (fourth-order?) analogs to the larger-scale (third-order) lowstand (?),

transgressive, and highstand systems tracts. In otho* words, genetic sequences in lower slope positions may

exhibit both deepening-upward and shoaling-upward components. Lower-upper San Andres hemicycles

have erosional bases overlain by askP or nRWM facies and become more thin bedded and slightly more

argiUaceous upward (Fig. 6.7). In some cases bedding thickens within the uj^r portions of lower-slope

genetic sequences (eg., GS #lc, 2; Fig. 6.7), reflecting a subtle increase in carbonate mud content and a

diminution of argillaceous interbeds. This may be due to increased downslope shedding from the "carbon

ate factory" in association with the onset of regression. These p^eptions on genetic sequence architecture

differ from established models of asymmetric parasequences (Van Wagono* et al., 1988) and are much

more fully documented for genetic sequences of the upper-upper San Andres HST (Chapter 7).
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Characteristics of the Utmer Sequence Boiindarv:

In the youngest, most landward (outer-shelf) exposures of GS #3, a facies change from fusulinid

wackestone/packstone to peloidal packstone (mpWP) occurs. The mpWP beds are erosionally truncated at

a prominent toplap surface (Fig. 6.11). This toplap surface caps the lower-iq)per San Andres bank in Baker

Pen Draw (sw/sw/se section 32) and marks a fall in relative sea level interrupting long term (third-order)

relative sea level rise. It fcams the sequence boundary between the lower-upper San Andres and the upper-

upper San Andres. Considerable volumes of siliciclastics and shallow water carbonate debris such as

gastropods and medium-grained peloids bypassed over this surface and are represented in seaward portions

of the study area by the toe-of-slope portions of GS #4a, b (Chrqrter 7). Flat-lying peloid wackestone/

packstone tqpsets overlie the bypass surface and have been correlated with GS #S and #6.

Based on the numbo' of perceived genetic sequences, the duration of the Iowot upper San Andres

sequence appears to be intermediate in scale between that inferred for other Guadalupian third-ord^

sequences (=1-2 m.y., Sarg, 1989) and that of the num^ous fourth-order genetic sequences (< 0.5 m.y.).

This physical stratigraphic assessment of lower-upper San Andres duration is tentative because additional

genetic sequences may be represented as highly condensed toe-of-slope deposits, or they may be absent due

to bypass or erosion at the sequence boundary with the upp^-upp^ San Andres.

Due to the local nature of this study, the basinwide extent of the surface separating the lower-upper

and the upper-upper San Andres sequences in Last Chance Canyon is utuesolved. Tentative correlations to

the San Andres section on Algerita Escarpment suggest that this surface may be equivalent to a karst

siuface that underlies a series of upper San Andres peritidal sandstones, informally known as the

"Lovington sands" (C. Kerans, pers. comm., 1990). On Algerita Escarpment, this surface represents the

youngest of three additional sequence boimdaries foimd within Sarg and Lehmarm's (1986b) original upper

San Andres sequence (C. Kerans, pers. comm., 1990). The lower-upper San Andres sequence of Last

Chance Canyon is essentially devoid of siliciclastics, as are the lower three upp^ San Andres sequences on

Algerita Escarpment with which it may be correlative (C. Kerans, pers. comm., 1990).
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Chapter 7

UPPER-UPPER SAN ANDRES SEQUENCE

7.1 Introduction

Within Sarg and Lehmann's (1986a) upper San Andres sequence, I recognize a prominent outer-shelf

topl^ surface (Fig. 6.11) over which considerable siliciclastics bypassed, resulting in an accumulation of

toe-of-slope turbidite sandsuxies, known in Last Chance Canyon as the lower Cherry Canyon sandstone

tongue (1-CCT). As discussed in Ch^t^ 6, the present interpretaticn suggests that this surface represents

an additiiMial fall in relative sea-level occurring within the previously defined upp^ San Andres sequence;

therefore, 1 have subdivided the upper San Andres sequence into two sequences, a "lower-upper" San

Andres sequence and an "uj^r-upper" San Andres sequence. Based on the number of contained genetic

sequences, the duration of the upper-upper San Andres sequence spears to be intmnediate in scale

between that inferred for other Guadalupian third-order sequences (=1-2 m.y., Saig, 1989) and that of the

numerous fourth-order genetic sequences (=^ 100 k.y.?).

A single vertical facies succession cannot adequately represent an individual offiapping genetic

sequence characterized by steep, clinoform depositional topography. Vertical sections in toe-of-slope, mid-

slope, and outCT-shelf positions would each intersect differing portions of a steely dipping clinothem

(Plates 2,3). In an offiapping (seaward-stepping) genetic sequence set, a vertical section intersects

successive genetic sequences at differing paleotopographic positions, from a thin toe-of-slope section, to an

expanded slope section, to a thinn^ outer-shelf section. In a vertically-stacked genetic sequence set,

successive genetic sequences will be intersected at similar paleotopogr^hic positions and may be difficult

to differentiate. In a landward-stepping genetic sequence set, successive genetic sequences will be int^-

sected at progressively lower paleotopographic positions, hence they should be progressively thinner and

more temporally condensed—unless basin-restricted sandstone wedges were deposited. For these reasons,

genetic sequence facies associations within each systems tract of the upper-upper San Andres sequence will

be described in three parts, approximating a toe-of-slope facies successitm, a slope facies succession, and

an outer-shelf facies succesion.

7.2 "DiANScaiEssivE Systems Tract

The transgressive systems tract is bounded at its base by an erosional surface over which carbonate-

rich quartzose sands were bypassed seaward. This surface is interpreted to have formed during a relative

sea-level fall of indetCTminate duration. The top of the TST is bounded by a flooding surface interpreted as
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Figure 7.2—Isopach of the "lower Cherry Canyon Tongue" turbidite lobe within GS #4. The turbidite lobe is composed of cptS and tfpS
facies only. The channelized cptS facies is limited to the axial portions of this sandstone lobe. This axis may have been a conduit for sand
bypass for one or more genetic sequences intermediate in age between GS #3 and GS #4. This lobe could be considered a fourth-order analog to
a thiid-wder lowstand fan. 00
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facies may have accumulated during episodes of channel-confined turbidite bypass prior to GS #4a

deposition. For this reason it is uncertain if an additional genetic sequence, tentatively termed GS #3.5, is

represented by the gpSi bed.

Toe-of-slope beds within GS #4a and 4b (e/2 section 33) show an upward decrease in flow unit

thickness and interpreted flow competence. Although quartz grains are limited to silt and very fine sand,

carbonate allochems constitute a coarse-tail, that permits identification of coarse-tail graded beds (Figs.

4.51,4.52). The maximum grain size within the skeletal fraction decreases upward from brachiopods ,

gastropods, and echinoderm fragments (<5 cm maximum dimension), to fusulinids alone (<1 cm-long).

Concurently, medium- and coarse-grained peloids in basal GS #4a flow units grade upward to very fine-

and fine-grained peloids within upper GS #4b beds.

Toe-of-slope strata within GS #5 and 6 contain bioturbated peloid-rich sandstones of the bpWS facies.

Rarely preserved parallel lamination is the only non-biogenic sedimentary structure seen within the bpWS

facies. Within individual beds, 0.5 to 1.0 cm laminae grade upward into mm-scale laminae interpreted as

waning deposition from suspension (Fig. 4.59). These strata show a continuation of previously described

trends within GS #4a,b that involve upward decreasing bed amalgamation, bed thickness, and preservation

of sedimentary structures, together with upward increasing carbonate micrite content and bioturbation

(Figs. 7.4,7.5). Water quality factors such as dissolved oxygen variations are a possible explanation for the

observed upward increase in epifaunal colonization within the bpWS facies relative to underlying turbidite

facies (cptS and tfpS). Decreasing frequency and rapidity of deposition rather than water quality variation

are, however, the preferred explanation for the facies change from cptS and tfpS turbidites to bpWS

bioturbated sandstones for the following two reasons: 1) the turbidite facies contain biogenic structures

(Planolites, Skolithos, Rhizocorallium, Diplocraterion) that are similar though less common than those

observed within the bpWS facies; and 2) physical sedimentary parameters such as bed thickness and

amalgamation change in association with the increase in bioturbation. Although sedimentary structures are

almost always obliterated by bioturbation, sediment gravity flows—^probably increasingly dilute and

episodic turbidites—are the inferred depositional mechanism for the bpWS facies.

Both fourth-order (GS #4-6) cycles and their component, higher frequency (fifth-order) cycles show

gradational lithologic changes from silty (often glauconitic) bases to increasingly micritic and peloid-rich

sandstones (Figs. 7.5,7.6). Associated with this lithologic cyclicity at fourth- and to a lesser extent fifth-

order levels, is a vertical transition from "two-dimensional," horizontally oriented cherty Thalassinoides

"galleries" (Ekdale et al., 1984) to "three-dimensional," more vertically oriented Thalassinoides

"boxworks" (Ekdale et al., 1984; Figs. 7.6,7.7).
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The boundaries between GS #4,5 and 6 are defined by cherty omission surfaces marked by chaty

Thallasinoides networks (Fig. 7.6,7.7). As one traces fourth- and to a lesser extent fifth-order surfaces

fiom toe-of-sI(q)e to lower-slope positions, the cycles thicken (compare Figs. 7.4 and 7.5) and the omission

surfaces are increasingly littered with bryozoa, brachiopods, echinoid spines, and articulated crinoid

columnals and cirri, suggesting nearly autochthonous or life-assemblage accumulation.

The maximum flooding surface (MFS) is a prominent red cherty stuface that is most obvious at the

toe-of-slope, but looses its distinctive character toward the upper-slope posititxi. In lower-slope to toe-of-

slope positions, beds below the MFS have rarely preserved parallel lamination within silty to sandy bpwS

and cmsW facies. This contrasts dramatically with an immediately overlying, laterally extensive 0.5 m

glauconitic siltstone (pmSi) that grades into thin-bedded laminated dolomudstones and wackestones (cmsW

and fissM facies) that are devoid of siliciclastics (GS #7, earliest HST). The character and preservation of

sedimentary structures in strata ovo'lying the interpreted MFS suggest an increase in water depth and an

associated decrease in oxygenation (see section on HST).

Beds more than 0.5 m below the MFS have well-developed "three-dimensional," vertically oriented

Thalassinoides "boxworks" similar to underlying fourth- and fifth-order cycles. Peloids are increasingly

glauconitic immediately below the red choty MFS, and the mode of biurow preservation undergoes a

remarkable "inversion" relative to that of underlying cycles. Rather than preferentially silicified burrows,

the burrows themselves are only incipiently silicified (scattered chalcedonous zones) and have conspicuous

unsilicified 1-3 cm "haloes" that, in turn, are surroimded by amorphous fully silicified chert nodules (Figs.

7.8,7.9). Similar "chert haloes" have been described beneath hardgrounds in Cretaceous chalks of the

North Sea (Ekdale et al., 1986; Bromley et al., 1975). There, the trace fossils are vertical tubes up to 7 m

long and the trace fossil/ch^-halo relationship is tmned Bathichnus paramoudrae. Because the associated

trace is quite different in the Last Chance Canyon occurrences (Thalassinoides), the term paramoudra is

informally applied herein, and represents the burrow-halo-amorphous chert relationship. Last Chance

Canyon is the first reported occurrence of such a fabric outside of North Sea chalks (A.A£kdale, pers.

comm., 1990).

Preferentially silicified burrows are frequently attributed to the enhanced permeability and the

generally reducing, often acidic microenvironment of burrow-fill material (Ekdale et al., 1986). This

explanation appears plausible for the cherty Thalassinoides below the paramoudrae occurrence. The

exclusive occurrence of paramoudrae immediately below the interpreted MFS requires a different scenario,

particularly because preserved parallel laminae are occasionally found in both unsilicified and silicified

zones, suggesting that these cherts are not strictly limited to burrow-fills. One possibility is that reduced


























































































































































































































