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ABO FORMATION (EARLY PERMIAN) SACRAMENTO MOUNTAINS, 

NEW MEXICO: A DRY ALLUVIAL FAN 

AND ASSOCIATED BASIN-FILL 

by 

STEPHEN WILLIAM s·PEER 

ABSTRACT 

0 u t crops of the Abo Form a. t ion ( \\1o1f ca mp i an to early 

Leonardian age) in the Sacramento l\'lountains of south-central NeYJ lV1eXi(!o 

record the evolution of a dry alluvial fan system as jt was deposited off of 

the Pedernal Uplift into the Orogrande Basin. A mud-rich, upward-fining 

basin-fill sequence characterized by stratigraphic thickness variations of as 

much as 450 m (1480 ft) and contacts that range from conforrnable to 

unconformable relationships is observed in the outcrop area. Five 

distinctive lithologic intervals are delineated in the Sacramento Mountains, 

three of which are studied in detail. These three units are informally 

designated the lower, middle, and upper Abo interval~ and are all fluvial in 

origin. The remaining two intervals, the Lee Ranch Tongue of the Abo 

Formation and the Pendejo Tongue of the Hueco Limestone, are marginal 

marine in origin and are restricted to the southern portion of the range. 

Two types of lithofacies are present in the lower, middle, and 

upper Abo intervals. Matrix facies represent fine-grained overbank 

sediments, whereas framework facies represent coarser strearr1flow and 

. 
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sheetflow deposits. Lower Abo framework facies consist of middle-fan to 

fan-fringe stream-channel, braided stream, and sheetflood deposits which 

are arranged in one or more stacked, assymetrical, upward-fining 

megasequences 10 - 50 m (33 - 165 ft) in thickness. Middle and upper Abo 

framework facies were deposited bas inward of the fans and represent 

deposits of incised, low to moderate sinuosity ephemeral streams and 

associated overbank splays. Middle Abo strearns exhibited ar1 anastomosed 

channel pattern whereas upper Abo channels we1~e characterized by a 

distributive pattern. Pedogenic and sedimentologic evidence suggests that 

Abo deposition was strongly influenced by a long term, semi-arid to arid 

climate. 

Lateral and vertical facies relationships indicate that the five 

Abo intervals were part of a northeast to southwest transverse facies tract 

consisting of 1) proxirnal alluvial fans, 2) medial anastomosed strea1ns, 

and 3) distal low-gradient mud-dorninated floodba.sins characterized by 

either distributary streams or tidal flats with associated marine carbonates. 

The overall Abo basin-fill sequence reflects the migration of the facies 

tract in response to the final stages of tectonic activity and the eventual 

quiescence and long-term erosion, retreat (pedimentation), and onlap of 

the Pedernal Uplift. 
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INTRODUCTION 

Large volumes of coarse, terrigenous elastics were deposited 

during late Paleozoic and early Mesozoic time in the western United 

States. Many of these units are redbeds of Permian age which were 

deposited as alluvial fan and associated systems (e.g., Campbell, 1979; 

Lindsey ~t al, 1983) in basins adjacent to the fault-bounded, intracratonic 

uplifts of the Ancestral Rocky Mountains (I{luth and Coney, 1981). 

Exposures of the Abo Formation in the Sacramento Mountains of 

south-central New rv1exico represent one of these proximal fan systems, 

having been shed off the Y1estern edge of the Pedernal Uplift (Figs. 1, 2) 

into the Orogrande Basin (Otte, 1959; Pray, 1961; Kottl0Vt1Ski, 1965, 1968a, 

1968b). These outcrops are Wolfcampian to Early Leonardian in age 

(Kottlowski, 1963) and are equivalent with fan deposits of the lovver Cutler 
• 

and Sangre de Christo Formations to the north, as well as the mor·e distal 

Wichita Group marginal marine, shelf, and basinal facies of the Texas 

Panhandle (Fig. 3). 

Previous studies by Bachman and Hayes ( 19 58), Otte (19 59), 

Pray (1961), Black (1975), Speer (1983), and Speer and Scott (1983) 

document the numerous and complex Abo sedirnentolog1c and stratigraphic 

relationships that occur in the Sacramento lVIountains (Fig. 4). Besides 

dramatic variations in stratigra~hic thickness and contact relationships, 

these authors ~ecognize a significant facies chenge in which Abo piedmont 

sediments (Danley Ranch T·ongue of the Abo Formation; Bachman and 

Hayes, 1958) interfinger with shallow marine carbonate (Pendejo ·rongut) of 

the Hueco Limestone; Pray, 1961) and teerigenous tidal flat elastics (Lee 

Ranch Tongue of the L\.bo Formation; Bachman and Hayes, 1958). 
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FIGURE 1. Late Paleozoic paleogeography of New Mexico (after 

KottlovJSki, 1960). Blocked area refers to Figure 2, numbered areas refer 

to Figure 3. Paleoequator after Habicht ( 1979 ). 
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FIGURE 2. Isopach map cf \Volfcampian strata in south-central New 

Mexico showing thick fill in Orogrande Basin and thin cover over Pedernal 
. 

Uplift (modified after Meyer, 1966). Note the position and trend of A.bo 

outcrops with respect to the basin margin and also the small zero isopach 

where the Precambrian is exposed. X - X" refers to the cross section in 

Figure 4 '}/hereas X - X' refers to the cross section in Figure 8. 
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FIGURE 3. Abridged Early Pern1ian stratigraphic nomenclature in portions 

of New Mexico and adjoining states. General areas are shown in Figure 1, 

with terminology taken from : 1 - Baars (1979); 2, 3 - l\1cKee, Oriel, and 

others (1967); 4 - Otte (1959)~ Pray (1961); 5 - Broadhead (1982), 

Mazzulo (1982); 6 - McKee, Oriel, and others (1967), l\ilazzulo (1982); 7 -

Hanford and Fredericks (1980), Mazzulo (1982). 
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FIGURE 4$ North - south cross section X - X" of the Abo Formation in 

the Sacramento Mountains (modified after Otte, 1959 and Pray, 1961). See 

Figure 2 for cross section location. Note the overall thick:less and 

lithologic trends, as well as the interfingering relationships south of X'. 
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OBJECTIVES AND M.ETHODS 

The primary objective of this study is to interpret the 

depositional environ1nents and history of the Abo Formation in the north

central Sacramento Mountains (Figs. 4, 5). It is proposed that these 

exposures represent an onlapping, semi-arid to arid, transverse facies tract 

(Miall, 1981) composed of proximal alluvial fans, a medial piedmont plain 

(bajada) dominated by anastomosing streams (Rust, 1981), and a distal, 

low-gradient floodbasin characterized by either 1) distribu tary streams 

(Allen, 1965); or 2) tidal flats. A distinct combination of environmental 

(climatic) and geologic factors resulted in the deposition of this sequence, 

and it is the purpose of this paper to delineate the relative effects of these 

variables and develop a depositional model that takes them into account. 

Eight complete Abo sections measured by the author, as well as 

four sections measured by Otte (1959) and Pray (1961), are used for 

purposes of regional stratigraphic control and correlation (Fig. 5). In 

addition, outcrop sketches, photographs, and nuinerous detailed measured 

sections document the sedimentary structures and textures, as well as 

facies relationships and geometries, that are observed in individual 

exposures. These features and relationships are used to infer both the 

depositional processes and environments for specific units, \Vhich are then 

combined and developed into a sedimentologic model for the entire 

sequence. 

Outcrops south of Caballero Canyon (in particular the Lee 

Ranch Tongue, Fig. 4) were not studied in detail due to heavy vegetation 

and poor exposure, but are included into the final depositional model based 
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FIGURE 5. Map of the detailed study area in the north-central 

Sacramento Mountains (modified after Otte, 1959 and Pray, 1961) showing 

the location of composite measured sections 1 :- 12. These sections 

constitute the control for ·cross-section X - X' in Figure 8. Measured 

section locations: 1- Coyote Canyon; 2- Tularosa Canyon; 3- Laborcita 

Canyon; 4- Cottonwood Canyon; 5, 6- La Luz Canyon; 7- Salada 

Canyon; 8- High Rolls; 9- North West Side Road; 10- Arcente Canyon; 

11, 12- Caballero Canyon. 
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on their stratigraphic relationships and sedimentologic history. For 

discussions of these exposures see Bachman and Hayes (1958), Pray (1952, 

1959, 1961), Black (1975), and Delgado (1977a). LeMone et al (1971, 

1975), Kottlowski et al (1975), and Seager et al (1976) provide descriptions 

and interpretations of Abo exposures west of the Sacramento Mountains 

that are equivalent and similar to the shallow-marine carbonate and tidal 

flat elastics of the Pendejo and Lee Ranch Tongues (Fig. 4). 

ABO FORMATION, NORTH-CENTRAL SACRAMENTO MOUNTAINS 

'Three major lithologic intervals are delineated in the Abo 

Formation of the north-central Sacramento Mountains (Fig. 6). These are 

informally referred to as the lower, middle, and upper Abo in this paper, 

and are characterized respectively by the presence of: 1) extensive beds 

of clast-supported quartzite cobble conglomerate; 2) isolated and/or 

amalgamated lenses of coarse to very coarse grained arkosic sandstone; and 

3) thick, laterally extensive beds of red mudstone. This succession 

represents an upward-fining, nonmarine basin-fill sequence (Heward, 1978a) 

characterized not only by a general upward decrease in mean and ma.xi1num 

clast size and coarse-member bed thickness (Fig. 6, also see Appendix 1), 

but also by an upward increase in rnudstone content (Fig. 7). Otte (1959, 

p. 97) recognizes a similar sequence and differentiates two inembers 

characterized either by "nonarkosic" sandstone (lower member) or "arkosic" 

sandstone (upper member). 

A cross-section of the Abo Formation oriented N1N-SE across 

the study area (Fig. 8) reveals several major stratigraphic relationships. 

These include: 
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FIGURE 6. Composite stratigraphic section 3, Laborcita Canyon (see Fig. 

5 for location). Note the overall upward-fining trend and the division into 

lower, middle, and upper intervals. Features shown include mean and 

maximum grain size, sedimentary structures, mean · sediment transport 

direction for individual beds, and upward-fining megasequence (Heward, 

1978a) intervals. Exposures from this section that are shown in successive 

figures are marked with their figure number. 
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FIGURE 7. i\verage mudstone content of the Abo Formation taken from 

composite stratigraphic sections measured in this study. This table shows 

an upward increase in both minimu1n and maximum mudstone percentage for 

each interval in the eight complete sections. 



17 

MUDSTONE PERCENTAGE 
0 20 40 60 80 100 

UPPER 
...I 
<( 
> ------
a: 
~ MIDDLE 
z 
0 
al 
~ LOWER 

/ / / / / / 
/ .· / / /' /
/ ' /' //. / 

.· / / / / 

/ . / '/ / _,/ 
/ . / .. . ... / 

/ / '. / /
/ , / .· 

/ // / /, / / 
/ / ' ' 

/ / ./' / ,,. / 
, / / / /.· 

/ /" / ... 

/ , ' // / ." / 
/ / ./ / 

... . : . . . 
. . . ' 

. .. . 
. 
' . . ~~INIMUM 

: ..... · .. . 



18 

FIGURE 8. Cross section X - X' of the Abo Formation in the north-

central Sacramento Mountains showing gross stratigraphic relationships and 

the correlation of the lower, middle, and upper Abo intervals in the 

detailed study area. (see Figures 2 and 5 for location). 
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1) A drarnatic southeastward thinning of the Abo section from 550 m 

(1800 ft) to less than 100 m (330 ft); 

2) A southeastward change in the basal Abo contact from a conformable 

and interfingering relationship with the cyclic, marginal-marine 

deposits of the Laborcita Formation (Otte, 1959; Carr, 1983), to an 

unconformable relationship with rocks as old as Mississippian in age 

(Qtte, 19 5 S; Pray, 19 61 ) ; 

3) Wedge-shaped geometries for each of the three Abo intervals, 'Nith 

the lower and upper Abo pinching out both towards the NW and SE; 

4) Local paleotopographic lows on an otherwise low-relief erosion 

surface that were created by pre-Abo structural deformation and 
. 

were filled by lower ·and middle Abo valley-fill sediments (Otte, 

1959; Pray, 1961; Delgado, 1977a); and, 

5) A gradational and relatively flat upper contact with the gypsiferous 

Yeso Formation (Otte, 1959; Pray, 1961). 

Paleocurrent data plotted for individual beds (Fig. 6, Appendix 

1), as well as entire measured sections (Fig. 9), indicate Abo sediment 

transport directions were consistently oriented towards the south and west, 

except for areas \Vhere pre-Abo structure (paleo-valleys) exhibited local 

control. These paleocurrent patterns, combined with the cross-sectional 

relationships and upward-fining trends previously discussed, suggest that 

the Abo sequence represents a continuous fluvial to marginal-1narine facies 

tract that onlapped an eroding source area immediately north and east of 

the present-day outcrops. Surface (Bachman, 19 60; Kelley, 19 7 2) and 

subsurface (Foster, 1959; Meyer, 1966) studies document occurrences of 
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FIGURE 9. Plot of mean sediment transport directions (with standard 

deviations) compiled for the entire A.bo sequence in t.he composite sections 

measured in this study. Paleocurrent data was taken from 1) medium to 

large-scale trough cross-strata; and 2) conglomerate clast imbrication. 

Note the exposed pre-Abo structural features in the southern portion of the 

study area and their apparent local control on Abo depositional patterns, 

especially near measured section 11. 
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thin Abo and Yeso sections immediately overlying Precambrian rocks (Fig. 

2) in the vicinity of this source area, the Pedernal Uplift (Thompson, 

1942). A slight southward shift in sediment transport direction is observed 

near the top of several Abo sections (Fig. 6, Appendix 1). When combined 

with isopach patterns (Fig. 2) and cross-sectional relationships (Fig. 8), 

these trends suggest that major source areas shifted through time to more 

northeastward positions as suggested by Kottlowski (1963), with the thin 

Abo sections having been deposited on a beveled pediment surface. 

Based on the previous data (textural trends, bedding 

characteristics, tectonic setting, and paleocurrent patterns), it is 

reasonable to assume that the Abo Formation in the north-central 

Sacran1ento Mountains represents an alluvial fan system. This fan complex 

was deposited along the irregular, north-trending, fault-bounded eastern 

margin of the Orogrande Basin (Figs. 1, 2, 5). Recent studies of modern 

alluvial fans and associated basinward facies (e.g., fluvial) document a 

variety of environments, processes, and tectonic scenarios which govern fan 

growth, morphology, and stratigraphy. A complete understanding of these 

variables, as well as component fan facies, is therefore .necessary before an 

alluvial fan model can be developed and applied to any ancient sequence. 

Consequently, this analysis of the Abo Formation includes: (1) a brief 

summary of modern alluvial fan facies and the factors which govern their 

formation; (2) a detailed discussion of individual Abo lithofacies in the 

study area; and, 3) an integrated interpretation of the depositional history 

for the entire Abo sequence exposed in the Sacramento Mountains. 
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MODERN ALLUVIAL F~~S 

Alluvial fans are radial, cone-shaped sediment accumulations 

that form immediately adjacent to highland areas (Blissenbach, 1954; 

Denny, 1967). They can generally be divided along radial (longitudinal) 

profiles into distinctive physiographic segments; the terminology of Nilsen 

(1982), i.e. inner, middle, outer, and fan-fringe areas, is used in this paper. 

Fans are also differentiated in plan view into main axis (fanhead trench), 

interaxis, and interlobe areas (Fig. 10 ). Several papers that discuss the 

effects of various environmental and tectonic variables on modern .fan 

morphology and processes, as well as papers dealing with the individual 

processes and their component facies, are listed in Table 1. This section 

briefly reviews the major factors governing alluvial fan deposition• 
• 

DEPOSITIONAL CONTROLS 

Alluvial fan deposition is governed by three major variables 

which act together or independently of, but not necessarily proportional to, 

each other. They are: 1) climate; 2) source (drainage) area 

characteristics; and 3) tectonic setting (Table 1). 

Climate is the most important environmental factor affecting 

fan deposition because it controls the frequency, distribution and amount of 

precipitation within a drainage area (McGowen, 1979). Consequently, fans 

are classified as being either wet (perennial drainage) or dry (epherneral 

drainage), with relative flood frequencies controlling not only fan 

morphology~ processes, and cornponent facies distributions (Fig. 11), but 

also affecting sediment production (physical and che!nical) characteristics 
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FIGURE lOc Alluvial fan terminology used in this paper (modified after 

Nilsen·, 1982). 
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TABLE 1. Holocene alluvial fan studies. 
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I. SUMMARY PAPERS: Bull (1972, 1977); Schumm (1977); Coilinson 
(1978a); Heward (1978a); fvliall (1978); McGowen (1979); 
Rust {1979); Reineck and Singh (1980); Nilsen (1982). 

Il. CLIMATIC CONTROLS: 

A. DRY: Blissenbach (1954); Bull (1962a, 1962b, 1963, 1964a, 
1964b); Beaty (1963, 1970); Bluck (1964); Denny (1965, 
1967); Lustig (1965); Hooke (1967, 1968); Beaumont (1972). 

B. WET: Winder (1965); Curry (1966); Gole and Chitale (1966); 
Legget et al (1966); Wasson (1974, 1977a, 1977b, 1979); 
Boothroyd and Ashley (1975); Boothroyd and Nwnmendal 
(1978). 

III. DRAINAGE AREA CONTROLS: Bull (1962a, 1962b, 1964a, 19o4b); 
Denny (1965, 1967); Legget et al (1966); Hooke (1967, 1968); 
Beaumont (1972); Hooke and Rohrer (1977, 1979). 

IV. TECTONIC CONTROLS: Bull (1972, 1977); HeTNard (1978a); Miall 
(1978); Ni1Sen (1982). 

V. FAN PROCESSES AND FACIES: 

PROCESSES FACIES AUTHORS 
.. 

A. Landslide Colluvium: Blissenbach (1954); Bull (1972); Nilsen (1982) .. 

B.. Infiltration Sieve Deposits: Hooke (1967}; Wasson (1974). 

C. Mudflow Debris- or i\1udflow: Blackwelder (1928); Sharp and Nobles 
(1953); Beaty (1963); Winder (1965); 
Curry (1966); Hooke (1967). 

D. Fluvial Streamt1ow 
1. Strewn-channel deposits: Bluck (19 64); Bull (19 6 4a, 

1972); Denny (1965); Hooke (1967). 

2. Braided stream deposits: Denny (1965); Bull (1972, 
1977); Boothroyd and Ashley (1975); 
Miall (1977); Boothroyd and ~~umrnendal 
(197 8); Rust (1978a, 1979 ); McGowen 
(1979). 

E. Sheetflow Sheetflood: 1\IcGee ( 18 97); Dav is ( 19 3 8); McKee et al 
(1967); Rahn (1967); McGowen (1970); 
WilliarrLS (1973); Turnbridge (1981). 

VI. RELATED BASINWARD FACIES: Includes transverse (distributary; e.g. 
Riley, 197 7) or longitudinal fluvial, lacustrine (playa), eolian, sabkha, 
and/or paralic (e.g. tidal flat or deltaic) depositional systems; see Miall 
(1981) and summary papers. 
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FIGURE 11. Alluvial fan morphology, processes, and component facies 

distributions with respect to relative changes in clin1ate. 
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(Folk, 197 4). Likewise, the size of the drainage area, as well as source 

area lithology (or erodability; Hooke and Rohrer, 1977, 1979) and hence 

sediment type and availability, similarly influences fan morphology and, to 

a lesser extent, processes and component facies. In this regard, srnaller 

fans result from smaller drainage areas and/or areas of lower or coarser 

sediment availability. 

Tectonic setting differs from the previous variables in that it 

primarily governs fan gro\vth and preservation potential. Large, thick fan 

deposits are almost invariably associated with syndepositional tectonism 

and fault-controlled orogeni<.~ settings (Denny, 1965; Bull, 1977; Heward, 

1978a; Nilsen, 1982). Because fans are deposited immediately adjacent to 

their source area, they are extremely sensitive to tectonic activity and 

often record pulses of uplift and I or basin subsidence (Fig. 12). These pulses 

result in the stacking of component fan facies into distinctive large-scale, 

upward-coarsening and/or fining megasequences that often reflect the 

nature and type of fault movement (Steel et al, 1977; Heward, 1978a). 

Climatic changes, as well as autocyclic mechanisms (e.g., fan segment 

switching; Selley, 19"78), also create similar megasequences due to fanhead 

entrenchment and/or the development of secondary fans, but these are 

generally more subtle a..11d smaller in scale (Lustig, 1965; Heward, 197 Sa). 

Finally, the overall depositional basin setting and its response to long-term 

sedimentation and tectonic activity are reflected in the nature of the 

entire ba.sin-fill sequence (Heward, 1978a). 
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FIGURE 12. Tectonic controls on alluvial fan sedimentation and facies 

distribution \Vi th respect to initial topography (A)~ scarp erosion and 

retreat (B), subsequent uplift (C), and renewed scarp erosion, retreat, and 

pedimentation (D). Note ho~v the vertical facies succession at :vlS#l (E; 

stacked, upward-fining cycles, or megasequences) reflects the effects of fan 

progradation and onlap. 
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ABO FORMATION LITHOFACIES 

Based on the previous discussion, it is apparent that component 

fan facies characterize not only distinct fan processes and physiographic 

positions, but also imply climatic conditions. Lower, middle, and upper Abo 

lithofacies exposed in the north-central Sacramento Mountains can be 

interpreted with respect to the above factors. 

For descriptive purposes, the lithofacies observed in the three 

Abo intervals have been divided into two 1najor categories (Fig. 13).. One 

category includes dominantly fine-grained deposits formed by overbank flow 

and related vertical accretionary processes, here termed "matrix facies". 

These consist primarily of red mudstone, with subordinate amounts of 

sandstone. The other category includes all coarser grained facies that 

were deposited by streamflow processes (Nilsen, 1982) and occur as beds, 

sheets, and more co!nmonly as elongate, lenticular units. These are refered 

to as "framework facies " (Galloway, 1977, 1981; Payne and Scott, 1982). 

M.ATRIX FACIES 

The percentage of matrix facies present in the three Abo 

intervals increases significantly upsection (Fig. 7). Typically, it consists in 

outcrop of poorly exposed, massive to highly fractured, red (10R5/2 

10R5/ 4 on Munsell soil-color chart) 1nudstone.. Hydraulic sedimentary 

structures are rarely preserved in this facies, but occasionally vague 

horizontal laminations are observed. The geometry of individual uni ts 

ranges from thin drapes and discontinuous lenses to thick (10 m; 33 ft), 

laterally extensive beds, with bed thickness tending to increase upsection 
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FIGURE 13. Lithofacies of the lower, middle, and upper Abo intervals in 

•
the north-central Sacramento Mountains. 
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(Fig. 6). Locally, significant amounts of sand, and occasionally granules, 

are mixed into the mudstone, forming homogenous, very poorly-sorted 

intervals within individual beds. 

Randomly intercalated within the pervasive red mudstone are 3 

- 40 cm (1 - 16 in) thick beds of very fine to very coarse sandstone. 

These are generally horizontally bedded and commonly crop out as narrow 

and isolated lenses, although better exposures suggest that they form 

persistent units that can be traced laterally into framework facies. 

Observed stratification consists of planar lamination, but more commonly 

the beds appear massive with no detectable primary sedimentary structures. 

Occasionally, thick (several meters), laterally restricted (tens of n1e t ers) 

sequences of alternating thin-bedded sandstone and mudstone are observed 

(Fig. 14g). 

Distinctive calcium carbonate accumulations are associated 

with the matrix facies in all three Abo intervals. They generally occur as 

scattered or coalesced, irregularly shaped micrite nodules 1 - 15 cm ( 0 ..4 

6 in) in diameter (Fig. 14b). Individual nodules are typically silty and 

arenaceous, and often contain small microspar-filled septaria. Commonly 

they coalesce vertically, forming downward branching and tapering tubular 

structures similar to modern roots (Figs. 14c). 

Anomalous beds of argillaceous, finely-crystalline limestone, 

some containing microfossils (ostracods), are also found in the lov1er 

portion of the middle Abo interval north of Tularosa (sections 1 and 2, Fig. 

5). These massive, grey-red units form continuous outcrops up to 3 m (10 
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FIGURE 14. A) Interbedded mudstone and sandstone in the lower Abo 

interval, Cottonwood Canyon. Note the thin, white zones of calcrete 

cement in this outcrop. B) Planar laminated and trough cross-stratified 

fine to medium sheetflood sandstone in the lower Abo interval, Laborcita 

Canyon. This unit is resting on and overlain by thick, red mudstone that 

contains abundant sea ttered calcrete nodules and rhizocretions. C) 

Large, vertically stacked calcrete nodules (rhizocretions) which preserved 

the structure and outline of Permian roots in the lower Abo interval, 

Laborcita Canyon. Jacob's staffs in these photographs are 1.5 m ( 4.8 ft) in 

iength. 
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ft) in thickness that can be traced for up to 6.5 km (4 mi; Otte, 1959). 

They differ from the nodular carbonate units in that they are much more 

laterally extensive, bedded rather than nodular in form, and contain smaller 

percentages of siliciclastic sand and silt. Similar Abo limestone beds have 

been described in the central portion of the range by Delgado (1977a). 

!nterpretation 

Matrix facies are interpreted to be overbank sedlinents that 

were deposited by floodwaters in low-lying interchannel (abandoned 

channel, floodplain, and playa) areas. The abundant mudstone was 

deposited by vertical aggradation processes due to suspension settling, with 

its red pigmen ta tion occurring either syndepositionally in paleosols (Van 

Houten, 1973) or by post-depositional iron mineral diagenesis (\Valker, 

1967). Pedogenesis of the mudstone is suggested by its lack of sedimentary 

structures, its homogenous, poorly-sorted intervals (Yaalon and Kalmer, 

1978), and its zones of calcareous nodules, which are interpreted to 

represent various stages of calcrete (caliche) develop1nent (Delgado, 

1977b). ·vertically stacked and coalesced nodules are rhizocretions, types 

of rhizoliths that forrn adjacent to roots (Amiel, 1975; Klappa, 1980 ). The 

presence of calcrete in both the Abo and Laborcita Formations (Winchester, 

1972; Delgado, 1977b), as well as the evaporites in the lower part of the 

Yeso For1nation, strongly suggests that the Early Permian paleoclimate in 

southern New Mexico was arid to semi-arid, or at least seasonally dry. 

Therefore, Abo interchannel areas were often subject to prolonged subaerial 

exposure and lowered rates of alluviation (Goudie, 1973; Steel, 1974b; 
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Leeder, 1975; Reeves, 1976). Since a dry climate greatly inhibits chemical 

formation of fine sediments (Folk, 1974), the large volumes of Abo mudstone 

must have been reworked from the underlying mud-rich Pennsylvanian 

section. 

The associated thin sandstone lenses represent incompletely 

exposed overbank splays. These are similar to sheet-like crevasse splays, 

which thin and fine-away frorn main channel facies (Collinson, 19 7 Sa; 

Reineck and Singh, 1980; Galloway, 1981), but they differ in that they 

suggest broad sheetfiood overflow, as opposed to narrow, channelized 

breaching of a levee during flood stage (Payne and Scott, 1982; Stear, 

1983). The restricted sequences of alternating sandstone and mudstone, 

which commonly contain calcrete horizons (Fig. 14a), suggest that localized 

areas existed which were subject to repeated overbank deposition and 

subsequent desiccation. These sequences represent playa/sar1dflat deposits 

similar to those described by Steel (1974a), Clemmensen (1978), Hubert 

and Hyde (1982), and Tyler and Ethridge (1983). They are found in all 

three Abo intervals and were deposited in either interlobe and/or fan

fringe areas, as well as out in the floodbasin proper {Steel, 197 4a). 

The anomalous, laterally extensive carbonate units we.re not 

studied in detail by the author. Otte (1959) and Delgado (1977a) both 

suggest that they could be brackish or even fresh-water lake deposits, 

although Delgado (1977a) does not rule out a pedogenic origin for some 

beds. Lacustrtne carbonate lenses similar to these Abo beds have been 

described from the Old Red Sandstone of Spitzbergen (Friend and Moody

Stuart, 1970) and the Eocene of Spain (Nickel, 1982). 
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FRAMEWORK FACIES 

Distinctive framework facies characterize each of the three 

informal Abo intervals in the north-central Sacramento Mountains. 

LOWER ABO 

Two framework facies are found in the lower Abo interval (Fig. 

13). One is composed of lenses and beds of clast-supported cobble 

conglomerate. The other occurs as laterally extensive sheets of fine to 

medium quartzose sandstone. These t\vo facies occur independently of, as 

well as associated with, each other and form an upward-fining sequence 

characteristic of the Lower Abo (Fig. 6; Appendix 1). The presence of the 

sheet-like sandstone facies was used to differentiate the lower from the 

middle Abo interval. · 

Clast-supported cobble conglomerate 

This lithofacies occurs in the study area from High Rolls to 

just south of Tularosa (Fig. 5) as one or more beds of clast-supported 

quartzite cobble conglomerate. The cobbles were apparentiy derived from a 

Precambrian quartzite unit that capped the core of the Pedernal Uplift 

(Bachman, 1960). Individual conglomerate beds in both the lower Abo and 

the Laborcita Formations were mapped in this area by Otte (1959). South 

of High Rolls, conglomerate is not everywhere present, and is generally 

restricted to paleotopographic lows. These conglomerate beds are also 

clast-supported, but differ from those to the north in that they are 

ccmposed primarily of locally derived Pennsylvanian limestone with 
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subordinate amounts of chert and quartzite. They have previously been 

described in the central part of the range by Delgado (1977a) and in the 

Danley Ranch Tongue in the southern Sacramento Mountains by Bachman 

and Hayes (1958). Only the quartzite conglomerate north of High Rolls is 

described in detail in this paper. However, the southern limestone 

conglomerate appears to have been deposited by similar depositional 

processes and is considered analogous to the quartzite units. 

The quartzite conglomerate beds are composed primarily of 

rounded to well rounded, compact to bladed cobbles , with the mean size 

ranging locally from pebble to boulder. Sandstone, chert, and mudstone 

(both lithoclast and intraclast) form a minor constituent of the gravel 

clasts. All conglomerate observed in the study area is clast-supported, 
• 

although most beds contain a poorly-sorted quartzose sand matrix that fills 

the interclast voids and thereby creates a bimodal texture (Fig. 15a). 

Individual beds range from several tens of meters to over 13.5 

km (8.5 mi; Otte, 1959) in width along depositional strike, with their 

thickness ranging from 0.5 to greater than 20 m ( 1.6 - 66 ft.) They 

overlie an erosional basal contact which often shows several meters of 

relief in scours. Upward, the contact typically grades into a poorly sorted 

coarse to very coarse sandstone or is abruptly overlain by mudstone. 

Internally, the conglon1erate exhibits major erosional (bounding) 

surfaces which range in scale from several tens of meters (Fig. 15b) to less 

than two meters in lateral extent (Fig. 16 ). The small-scale surfaces are 

predominantly concave-upward, with the larger ones being both concave-

upward as well as near-horizontal. Rarely, large-scale graded foresets are 
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FIGURE 15. A) Lower Abo clast-supported quartzite cobble 

conglomerate showing bimodal texture and minor amount of sandstone rock 

fragment gravel clasts. B) Large scour and fill feature in lower Abo 

stream-channel conglomerate, lower La Luz Canyon. Scour is 

approximately 20 m (66 ft) in width., C) Streamflow conglomerate \Yhich 

scours into and is encased by sheetflood sandstone. Notice the sharp 

contact between the facies and the presence of randomly scattered gravel 

clasts in the sandstone. Jacob's staff subdivisions are 0.25 m each. Lower 

Abo interval, Laborcita Canyon. 
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FIGURE 16. Photo (A) and outcrop sketch (B) of the uppermost lo\ver 

Abo conglomerate, Laborcita Canyon. This outcrop shows features that are 
.. 

typical of braided stream facies in the lower Abo interval. Note the wide 

scatter of paleocurrent readings, which were taken from planar-tabular and 

trough cross-strata. 
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observed (Figs. 17, 18). Although clast imbrication is present, it is 

generally poorly developed and often not consistent in inferred 

paleocurrent direction. 

Lenses of mudstone and quartzose sandstone are interbedded 

within, and commonly define, individual conglomerate units (Figs. 15c, 16, 

17). The sandstone lenses exhibit a variety of for1ns and sedimentary 

structures, ranging from smallt irregular beds of planar, tabular, and trough 

cross-stratification (Fig. 16), to large-scale tabular wedges of foreset 

cross-strata (Fig. 17). The mudstone occurs primarily as thin discontinuous 

beds, but small channel-shaped lenses are also observed (Fig. 16). 

Interpretation 

The clast-supported conglomerate beds are interpreted to be 
0 

fluvial in origin, with their high degree of clast roundness reflecting th~ 

intense, rapid abrasion and fracturing that occurs during streamflow 

processes (Folk, 1974). Based on their lateral extent (less than 13.5 km; 

8. 5 mi), tectonic setting, textural and structural trends, and vertical and 

lateral facies ~elationships, these streamflow conglomerates are interpreted 

to have been deposited on the middle to outer portions of a series of small 

(radii less than 16 km; 10 mi) alluvial fans. A combination of small 

drainage catchments and low overall precipitation was responsible for the 

small fan sizeo 

Two variations of this facies are recognized: (1) stream-

channel; and (2) braided stream deposits. l\1ost exposures of the lo\ver Abo 

conglomerate consist of the braided stream facies. 
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FIGURE 17. Photo (A) and outcrop sketch (B) showing large-scale 

structures (bedforms) observed in a lower Abo stream-channel 
• 

conglomerate, lower La Luz Canyon. Paleocurrent readings obtained from 

sandstone accretion sets. This outcrop is directly across the canyon from 

the exposure sho\\1Il in Figure l 5b. 
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FIGURE 18. Photo of large-scale conglcmeratic foresets, lower ...i\bo 

interval, Salada Canyon. Note the complex grading relationships which 

define the foresets in this stream-channel deposita This particular unit 

overlies a relatively thick e.nd extensive mudstone bed interpreted to be of 

floodplain origin. Jacob's staffs are 3 m ( 10 ft) in length. 
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Stream-channel deposits are characteristic of the middle and 

upper portions of alluvial fans (Fig. 11). They represent major backfilled 

(aggraded) stream channels that were temporarily entrenched above the 

intersection point of the fan surface (Bluck, 1964; Bull, 1964a, 1972; 

Denny, 1965; Hooke, 1967). These deposits are generally coarser and more 

poorly sorted than downdip braided strea1n sediments and are characterized 

by a thick, channel-shaped geometry and the presence of numerous scour 

and fill features. The large-scale tabular and foreset cross-strata (Figs. 

17, 18) associated with this facies \Vere probably deposited as foreset 

accretion units on the margins of large lateral or diagonal bars present in 

the entrenched channel (Smith, 1974; Eynon and Walker, 1974; Miall, 1977; 

Gustavson, 1978; Massari, 1983). The complex grading and nu1nerous 
• 

r~acti va tion surfaces present in these exposures suggests that accretion 

was discontinuous with flow being flashy and highly variable (Speer et al, 

1983; Steel and Thompson, 1983). 

Braided streams are most common on the middle and outer 

portions of alluvial fans where streamflow shallows and expands below the 

intersection point (Bull, 1972; Denny, 1965). They commonly deposit broad 

sheet-like beds of sand and gravel containing complex textural, structural, 

and bedding relationships that are identical to those observed in the Abo 

conglomerate. Coarser elastics in this facies represent scour and fill 

(channel-fill) features as well as various aggrading (longitudinal) and 

1nigrating (linguoid or transverse) braided bar deposits (Miall, 1977; R.ust, 

1978a, 1979; Boothroyd and Ashley, 1975; Boothroyd and Nununendal, 1978). 

Finer sediments are generally transported through this system, but can be 
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deposited during waning flow conditions (Rust, 1972) with n1ud forming thin, 

slack-water drapes and abandoned-channel plugs (Fig. 16). Braided stream 

sediments are better sorted and smaller in clast size than equivalent 

entrenched stream-channel facies because they are the reworked products 

of the older, more proximal fan sediments (Bull, 1964a; Denny, 1965; Steel, 

1974a; Steel and Wilson, 1975; Heward, 1978a). 

Colluvium, sieve, debris-, and mudflow deposits, characteristic 

of the inner and middle portions of dry fans (Fig. 11), were not observed in 

the study area. It is suprising that the debris- and mudflow deposits in 

particular were not observed, since the conditions necessary for their 

formation, iee., abundant fine sediment, heavy, infrequent rainfall, and steep 

slopes lacking vegetative cover (Bull, 1972, 1977), were most likely present 

on the Abo fans. It is postulated that these proximal Abo facies were 

deposited, but are not exposed because of 1) the distal position and strike 

orientation of the present day outcrops in relation to the inferred main 

front of the Pedernal Uplift (Fig. 2); or 2) erosion immediately after 

de position due to a combination of high physiographic position and 

relatively slow and continuous basin subsidence rates (Bull, 1977). 

Fine to medium guartzose sandstone 

Laterally extensive beds of quartzose sandstone are found in 

the lower Abo that are distinctive in their textu~e, sedimentary 

structures, and facies relationships. They range in thickness from 0.3 - 8 

m (1 - 26 ft) and form broad continuous sheets that reach more than 1 km 

(0.6 mi) in width. 
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This facies is composed of moderately well to well sorted, fine 

to medium sandstone. Its composition and textw·e suggests that it was 

reworked from older Paleozoic sedimentary rocks. Commonly, granule to 

cobble sized quartzite clasts and occasional mudstone and calcrete-nodule 

intraclasts are found concentrated in small lenses or randomly scattered 

throughout the beds. This bimodal texture is particularly noticeable near 

areas where the associated conglomerate scours into the sandstone (Fig. 

15c}. 

Individual sandstone bodies are composed of one or more 

stacked sheet-like units that range up to 2 m (6.6 ft) in thickness. Bed 

boundaries are generally flat to slightly undulatory (Pig. 14b), with the 

lower contact being erosive in nature. Local thickness variations of up to 

• 
2 m (6.6 ft) occur and are apparently due either to erosional scouring or 

the filling of pre-existing topographic lows. This facies is most commonly 

bounded by n1udstone (Fig. 14b) although occasional conglomerate lenses up 

to 50 m (164 ft) in width and 5 m ( 16 ft) in thickness are sometimes 

scoured into and encased \Yithin it (Fig. 15c). 

Planar lamination, exhibiting rare parting lineation on bedding 

planes, is the dominant stratification type observed in this facies (Figs. 

14b, 15c). Other primary structures present, in order of decreasing 

abundance, small- and medium-scale trough, small-scale tabular, and ripple 

cross-stratification (Figs. 14b, 19a). Paleocurrent readings taken frorn the 

cross-strata show a wide range of dispersion ( 240°) with no dominant 

mode(s). .Also, local areas of small, predominantly vertical burrows 3 - S 

mm (0.12 - 0.24 in) in diameter and 4 - 8 mm ( 0.16 - 0.32 in) in length 



56 

FIGURE 19. A) Large trough-fill in the sheetflood facies which exhibits 

a flat, truncated surface and small climbing ripples on tangential foresets. 

These two features suggest that partial eolian modification of the 

sheetflood facies occurred during periods of extended desiccation. B) 

Small, predominantly ve·rtical and cylindrical burrov1s in the sheetflood 

~ ..lac1es. C) In-situ, horizontal rhizocretions formed along a bedding plane 

in the sheetflood facies. Ruler is 15 cm ( 6 in) in length. .AJI photos in this 

figure are from the lower Abo interval, Laborcita Canyon. 
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occur at the top of individual units (Fig. 19b). These trace fossils 

(Palaeophycus) represent the dwelling burrows of small insects or their 

larvae (Osgood, 1970; Hantzchel, 1975; Smith et al, 1982). 

Interpretation 

The geometry and internal features of this sandstone facies 

strongly suggest that it was deposited by high-energy ephemeral 

sheetfloods. These result from the lateral expansion of flood flows in 

interchannel areas or at the downstream margins of fan channels ( McKee 

et al, 1967; Rahn, 1967; Glennie, 1970; Williams, 1970, 1971; Heward, 

1978a, 1978b; Galloway, 1981). They represent low gradient, distal margin 

(outer and fan-fringe) facies of alluvial fans (McGee, 1897; Davis, 1938; 

Laming, 1966, Rahn, 1967; Gloppen and Steel, 1981; Turnbridge, 1981) and 

are analogous to the sandflats of Hubert and Hyde (1982). 

The predominance of planar laminations, co1nbined with the 

presence of scattered gravel clasts, indicates that these beds for1ned 

almost entirely under upper flew regime conditions (McKee et al, 1967; 

Williams, 1970; Harms et al, 1982) and were subject to only minor amounts 

of modification (braiding of Bull, 1972) due to rapidly decreasing flow 

conditions (Jones, 1977). Turnbridge (1981) suggests that these 

characteristics indicate ephemeral flow deposition. Where major bounding 

surfaces occur internally vvithin a single bed, the sandstone body represents 

deposition by more than one sheetflood. Other features which also indicate 

intermittent deposition, and hence more arid climatic conditions, include 

evidence of eolian reworking (Fig. 19a), burrowed intervals (Fig. 19b), in
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situ rhizocretions (Fig. 19c), and interbedded mud drapes and conglomerate 

lenses. 

The sandy nature of this facies is obviously not related to a 

lack of coarser elastics in the Abo source area, nor necessarily to flow 

energy. Instead, it reflects a combination of 1) limited flow duration; and 

2) interaxis deposition away from main channels in interlobe or fan-fringe 

areas. Interaxis deposits probably represent small, localized secondary fans 

formed by short-term fanhead entrench1nent (He'rvard, 197Sa). The 

conglomeratic channel-fills associated with this facies are therefore most 

likely small, braided distributary channels (Davis, 1938; McGowen and 

Groat, 1971; Brookfield, 1980) that either infrequently radiated into these 

depositional sites or fed the secontlary fans • 
• 

l\!IIDD LE 4.1\BO 

One middle Abo framework facies is present in the north-central 

Sacramento Mountains (Fig. 13). It is composed of coarse to very coarse 

arkosic sandstone and is differentiated into two distinct but related facies 

types based primarily on their geometry and stratification (Fig. 20 ). 

Coarse to very coarse arkosic sandstone 

The framework facies of the middle Abo interval are invariably 

composed of conglo1neratic, arkosic sandstone (Fig. 13). Individual sand 

grains are generally coarse to very coarse grained, angular to subangular, 

and poorly sorted. Unweathered feldspar, composed of pink orthoclase and 

microcline, commonly constitutes over 50% of the sandstone (Otte, 1959; 
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FIGURE 20. Schematic sketches showing the geometry, size, major 

features, and lateral relationships of the various types of framework facies 

in the middle and upper Abo intervals. 
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Pray, 1961), apparently in response to the unroofing and exposure of the 

granitic core of the Pedernal Uplift. The unweathered nature of these 

feldspars substantiates an arid to semi-arid paleoclimatic interpretation 

because their alteration is greatly suppressed in dry conditions (Folk, 

1974). 

The conglomerate cla3ts range in size from granules to cobbles 

and are generally concentrated as trough and channel lags, but some are 

also found randomly scattered throughout the beds. They are composed of 

subrounded to rounded quartzite, granite, and rhyolite porphyry. 

Imbrication is poorly developed since most clasts are equant to subequant 

in shape. Gravel lags of mudstone and calcrete-nodule intraclasts are also 

present. 

Two types of related frame\'lork facies can 
• 

be delineated in the 

middle Abo (Fig. 20). They comprise 35 - 60% of the interval and include: 

1) Isolated or amalgamated lenses (Type l); and, 

2) Thick, narrow channel-fills (Type 2). 

Type 1 sandstone lenses are by far the most common and widely 

distributed framework facies observed in the study area. They are present 

throughout the middle Abo interval in all measured sections. In contrast, 

the distinctive Type 2 channel-fills only occur south of High Rolls near 

measured sections 10 and 11 (Fig. 5). They are uncommon, but are found 

at both the top and the base of the interval. 

Isolated or amalgamated lenses (Type 1) 

One of the most distinctive features of the middle Abo interval 
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is the apparent lack of continuity of individual framework facies. Most 

commonly, the ubiquitous Type 1 sandstone lenses have an elongate, ribbon 

form (Moody-Stuart, 1966; Nami and Leeder, 1978). They are isolated and 

encased by varying amounts of mudstone, and appear in outcrop to be 

scattered randomly, albeit densely, in both a vertical arid horizontal 

sense. Occasionally, individual sandstone bodies will stack and/or coalesce 

laterally, thereby forming amalgamated lenses that are locally up to 25 m 

(82 ft) in thickness and 2 km ( 1.2 mi) in width (Fig. 20). Friend, et al 

( 1979) and Stear (1980, 1983) describe similar ancient sandstone bodies 

and classify them as ribbon or sheet types based on their cross-sectional 

width-to-thickness (w/h) ratio. They chose an arbitrary w/h ratio of 15:1 

to differentiate the forms, with the elongate ribbon bodies having a w/h 

.less than 15 and sheets having a w/h greater than 15. This classification 

was not used in this investigation since all of the Type 1 sandstone bodies, 

regardless of geometry, appear to be of similar origin. Their geometrical 

diversity results not from a difference in depositional style, but is instead 

due to the degree of stacking and coalescense of separate lenses. 

Although they are generally inco1npletely exposed, individual 

lenses invariably appear to be channel-shaped, having an irregularly 

scoured, low relief, concave-upv1ard base and a relatively flat, horizontal 

top (Fig. 20). They are generally composed of two parts: a central body 

('corps central') which may pass laterally in transverse section to one or 

more thin wings ('ailes d'etalement'; after Bersier, 1958 from Stear, 1983) 

that often fine laterally and eventually pinch out into the mudstone 

(Figs. 20, 21). Lenses are lithologically homogenous and typically 1 - 5 m 
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FIGURE 21. Photo (A), sketch (B), and orientation (C; pg. 65) of 

Rayburn Ranch roadcut, middle Abo interval, upper La Luz Canyon. An 

outcrop sketch (D; pg. 66) of the lower amalgamated type 1 lens shows the 

geometry and sedimentary structures present in the northwestern portion of 

the exposure. Paleocurrent readings were taken from large-scale trough 

cross-strata. Note the thin wing which overlies a partially preserved 

abandoned channel mud-plug containing several thin, progradational 

overbank sandstone splays. A measured section through a portion of the 

sketch area (E; pg. 66) displays grain size characteristics of the mud plug 

and an upward-fining trend in mean grain size that is atypical for middle 

Abo framework facies. 
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(3.3 - 16 ft) thick, but can reach as much as 9 m (30 ft) in thickness. 

Transverse (strike oriented) to slightly oblique exposures of these 

sandstones range from 15 m (49 ft) to well over 100 m (330 ft) in width, 

giving most lenses width/thickness ratios of 15 - 20. 

Detailed examination generally sho\"1s the presence of one or 

more erosional bounding surfaces within each lens (Fig. 20). These surfaces 

separate subdivisions called storeys (Pettijohn et al, 1972), each of which 

represent the remnant deposit of a single, channelized fluvial event 

(paleochannel after \Villiams, 1975, from Stear, 1983). Consequently, these 

multi-storey (Potter, 1963) lenses are the result of several fluvial events 

in which flow was confined to the same general course. Simple, or uni

storey (Friend et al, 1979) lenses, containing no major bounding surfaces, 
• 

were not positively identified in the study area although they are most 

likely present. The amalgamated lenses result from similar processes, but 

are differentiated in that they are composed of distinct lenses, often 

separated by various amounts of mudstone, that have coalesced (Fig. 20) to 

form multilateral sandstone belts (Galloway, 1981). Significantly, rnuddy 

interbeds commonly represent abandoned-channel mud plugs (Fig. 21) that 

are similar in scale to the associated sandstone lenses. 

Vertical grain size and stratification trends tend to be poorly 

developed in Type 1 sandstone lenses.. ...Uthough gravel <!ontent generally 

decreases upwards, the mean grain size usually shows no distinct upward-

fining trend (Figs. 22, 23). Many lenses are as coarse-grained and poorly 

sorted at the top as they are at the baseo A complete vertical heirarchy, 

from large to small-scale troughs into planar and rippled beds, related to a 
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FIGURE 22. Photo (A), outcrop sketch (B), and measured section (C) of 

a typical middle Abo type 1 sandstone lens, Laborcita Canyon. Note the 

longitudinal (dip) orientation of this exposure and the predominance of 

large-scale trough cross-strata. Note also that the troughs tend to 

increase in paleocurrent variability near the top of the lens. 
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FIGURE 23. Photo (A), outcrop sketch (B), and measured sections (C) of 

a transverse (strike) section through a middle Abo type 1 sandstone lens, 

Laborcita Canyon. Sedimentary structures observed in this transverse 

section include both large-scale trough and planar-tabular cross-strata. 
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decrease in the hydraulic flow regime (Aflen, 1965, 1970; Harms et al, 

1982), is rarely observed. Instead, most lenses are composed almost 

entirely of large-scale trough cross-strata which are occasionally capped 

by a thin set of planar lamination (Figs. 22, 23). The troughs reach a 

maximum of 1 m (3.3 ft) in thickness and 10 m (33 ft) in width and 

generally tend to slightly decrease in scale upwards through a lens (Fig. 

22). They represent deposits of uJ1dulatory large-scale migrating bedforrns 

(Jackson, 1976a,b, 1978; Levey, 1978) or scour-fills (Harms et al, 1963; 

McGowen and Garner, 1970). vVhere present, planar lamination and ripple 

cross-stratification seem to be best developed in the few lenses that 

display distinct upward-fining trends (Fig. 21). These particular lenses are 

also the only sandstone bodies in which epsilon cross-stratification can be 

documented. This feature, which suggests lateral accretion of point bars 

{Allen, 1963; 1965; Collinson, 1978a; 1978b), is poorly preserved and quite 

rare in Type 1 lenses, and is characterized by vague and irregular, low

angle ( 5 - 1o0 ) bounding surfaces. 

Rarely, large-sea.le sets of tabular cross-strata, commonly over 

1 m (3.3 ft) thick and displaying gravelly foresets, are interspersed within 

the trough cross-stratification (Fig. 23). They tend to be oriented at high 

angles (up to 70°) to the mean transport direction of surrounding troughs, 

and commonly are transitional into trough cross-strata at their toes. 

These relationships suggest that the tabular cross-bed sets were deposited 

by avalanching processes on chute bars (McGowen and Garner, 1970; Levey, 

1978; Schwartz, 1978; Arche, 1983) and/or transverse bars (Gustavson, 

1978; Levey, 1978; Schwartz, 1978) in higher parts of point bar or channel

fill sequences. 
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Paleocurrent data measured from large-scale troughs generally 

show unimodal transport directions with high consistency ratios (Reiche, 

1938) for individual lenses (Figs. 21, 22, 23). This suggests little local 

variation in current direction (Tyler and Ethridge, 1983). The greatest 

paleocurrent dispersion observed occurs near the too of the lenses in the.. 

smaller scale cross-bed sets (Fig. 22). 

Interpretation 

Type 1 sandstone bodies ~epresent low to moderate sinuosity, 

coarse-grained stream channel {central body) and associated overbank 

splay (wing) deposits. They are interpreted to have been deposited by a 

semi-arid to arid-zone anastomosing stream system on a low gradient 

bajada, or piedmont plain, downdip from the adjacent alluvial fans. 

Modem examples of coarse grained (McGowen and Garner, 1970; 

Bluck, 1971, 1976; Jackson, 1976a, 1978; Gustavson, 1978; Levey, 1978; 

Arche, 1983) and transitional braided to meandering (Shelton and Noble, 

1974; Schwartz, 1978 ; Ori, 1982) streams deposit sediment that exhibits 
. 

textural and structural characteristics quite similar to those observed in 

this facies. They are typified by nnashy" discharge, mixed sediment loads, 

and low to moderate sinuosity (1.4 - 1..5; McGowen and Garner, 1970) and 

form in areas of lower gradient and relief than braided streams (Leopold 

and \\1olman, 1957; Leopold et al, 1964). Semi-arid to arid-zone 

anastomosing streams (Rust, 1981) also exhibit si.Inilar relationships, but 

have other distinguishing characteristics, Besides an anastomosing stream 

pattern (multiple channels, moderate sinuosity; Rust, 1978b, 1981; Smith, 
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1983), they are typified by: (a) ephemeral flow; (b) channel incision, 

aggradation, and avulsion; and (c) low channel sand/overbank mud ratios 

(Rust, 1981; Rust and Legun, 1983). 

Elongate sandstone bodies similar to Type 1 lenses have been 

observed in other ancient fluvial sequences by Moody-Stuart (1966), Friend 

(1978), Nami and Leeder (1978), Friend et al (1979), Stear · (1980, 1983), 

Behrensmeyer and Tauxe (1982), Grahan1 (1983), Parkash et al (1983) and 

Rust and Legun (1983). These authors, as well as Collinson (1978b) and 

Friend (1983), suggest that ribbon-like lenses resulted from frequent and 

abrupt avulsion of entrenched low to moderate sinuosity channels which 

filled primarily by vertical, as opposed to lateral, accretion deposition. 

The geometry, lateral relationships, and structural and textural sequences 

observed ~n type 1 lenses suggests that they formed by similar processes, 

with the central body being the entrenched channel-fill, and the attached 

wings representing overbank splays that formed prior to and/or during 

avulsion. The isolated lenses (fixed channels; Friend, 19 83) were quite 

stable in a lateral sense whereas the amalgamated lenses (mobile channel 

belts; Friend, 1983) were apparently subject to frequent avulsion and 

switching, as well as some lateral accretion. This suggests that 

amalgamated lenses were subject to lower amounts of floodplain accretion 

and formed in more active, and possibly even perennial drainage axes than 

lower order isolated lenses. Friend (1983) suggests that mobile channel 

belts were possibly transitional meandering to braided in nature. 

Friend et al {1979) summarize ribbon sandstone bodies as 

reflecting: (a) low or high flow strength; (b) an unsteady (flashy) flo\v 
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regime; (c) strong, cohesive banks; and (c) relative changes in erosional 

base level. However, Rust (1981) and Wells (1983) suggest no need for 

base level changes and conclude that environmental factors (semi-arid to 

arid climate and a mud-dominated, low-relief aggradational basin) account 

for channel formation and aggradation. This hypothesis is supported by 

several recent studies of rnodern ephemeral streams (Leopold, 19 51; Hall, 

1977; Love, 1977-; Shepard, 1978). These authors document changes in 

rainfall intensity as causing incision and aggradation. They suggest that 

entrenchment occurs due to increased precipitation and a higher frequency 

of "heavy" rains, \Vhereas aggradation results from more stable precipitation 

trends. 

Based on the following characteristics, a semi-arid to arid 

anastomosing ·r1uvial system is proposed to have deposited the type 1 

lenses: 

1. The climate was at least semi-arid as evidenced both by the paleosols 

and the inf~rred ephemeral and "flashy" processes. 

2. The streams carried a high amount of reworked suspended muds that 

were deposited by overbank processes as drapes, laterally extensive 

beds, and abandoned channel plugs ( 40 - 6596 of middle Abo section). 

3. The lenses represent entrenched low to moderate sinuosity channels 

that we~e filled primarily by vertical aggr-adation and then were 

subsequently avulsed. Lateral accretion is rare in these deposits, 

but has been observed in both modern (Smith and Smith, 1980; Smith, 

1983) and ancient (Rust and Legun, 1983) anastomosed systems. 

4. The density of the lenses (both isolated and amalgamated) suggests 

that numerous coeval channels existed. 
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A stable, low-gradient depositional surface, conducive to 

aggradation and avulsion, is inferred to have existed based on the nature of 

the channel-fills. Since this area was tectonically active, it is most likely 

that such a surface resulted from net Abo sedimentation rates that were 

equal to or slightly higher than basin subsidence rates. 

Thick, narrow channel-fills (Type 2) 

Type 2 sandstone lenses (Fig. 24) are observed only in the 

southern portion of the detailed study area near measured sections 10 a.nd 

11 (Fig. 5). They are distinguished primarily by: 

1) very low width/thickness ratios (less than. 8); 

2) highly symmetrical transverse cross-sections; and, 

3) extremely steep, erosive channel-wall margins. 

These lenses tend to be thicker (4 - 8 m; 13 - 26 ft) than adjacent Type 1 

sandstone bodies. 

Major near-horizontal bounding surfaces delineate a series cf 

distinct vertically-stacked depositional units, or storeys, within each lens 

(Fig. 24). Vague epsilon cross-stratification is observed in storeys B and C 

of Figure 24 and suggest lateral accretion deposition in what was 

apparently a highly confined channel. Other sedimentary structures present 

include poorly exposed trough cross-strata interspersed ·with some planar 

laminations. Distinct wings, similar to those found in the Type 1 facies, 

are also sometirnes present (Fig. 24). No characteristic vertical trends in 

either stratification type or mean grain size a.re apparent.. 
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FIGURE 24. Photo (A) and outcrop sketch (B) of a middle Abo type 2 

sandstone lens, Courtney Mine, West Side Road. This. transverse section 

dramatically exhibits the low width/thickness ratio, steep, erosional 

channel walls, and stacked, aggradational nature of the channel-fill. Tidal 

flat elastics of the Lee Ranch Tongue immediately overlie this exposure. 
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The mudstone which encases these lenses generally contains 

abundant calcrete nodules and rhizocretions, and appears to have been 

highly bioturbated. It is in sharp, erosive contact with the lenses and 

exhibits very little evidence of compaction due to sediment loading. 

Occasionally, anomalous blocks of sandstone (Units J and K, Fig. 24) are 

observed which lie tangential to the margins of the lenses, suggesting that 

they were emplaced as large slump blocks within a deeply scoured channel. 

Interpretation 

Type 2 sandstone bodies were formed by stream processes and 

conditions quite similar to those that formed the type 1 facies. However, 
. 

they are distinctive in that they suggest extreme channel incision and 

stability, as well as evidence for an underfit inner channel that migrated 

freely across the entrenched "canyon" floor. Arroyos (wadis) of the 

American Southwest are considered modern analogs for this facies. 

Arroyos are narrow, deeply incised stream channels that are 

characterized by flashy, ephemeral discharge in a semi-arid to arid climate 

(Leopold et al, 1964; Shepard, 1976, 1978). They form (incise) primarily in 

response to an increase in stream power and/or substratum erodability 

(Love, 1977). Theories for their origin are summarized in Tuan (1966) and 

Cooke and Reeves (1976) and include climatic causes (increase in mean 

available moisture, variations in precipitation intensity {Leopold, 19 51), 

unusual high-magnitude floods) as well as geomorphic causes 

(oversteepening of longitudinal profiles; Schumm and Hadley, 1957). Pray 

( 1961) has docun1ented syndepositional Abo tectonism in the area where 
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type 2 lenses occur, thus their extreme entrenchment may partially reflect 

a tectonic lowering of base level as suggested by Friend et al (1979). 

Recent studies of several arroyos and their associated valley

fill alluvium in New Mexico document mechanisms for arroyo sedimentation 

and, more importantly, aggradation (Shepard, 1976, 19'78; Hall, 1977; Love, 

1977). Horizontal lamination and point bar deposits exhibiting epsilon 

cross-strata are characteristic of modern arroyo-fills (Shepard, 1976, 

1978; Love, 1977). Shepard (1978) differentiates aggradational (horizontal 

laminations) from degradational (point bar) deposits, but acknowledges that 

both types can occur within a channel-fill sequence. Love (1977) describes 

several flolocene arroyo channel-fills that exhibit characteristics very 

similar to those observed in the Abo sandstone lens illustrated in Figure 24. 

Overbank sheetflood deposits are deposited either before channel 

entrenchment or after complete arroyo aggradation (Love, 1977) and are 

analagous to the wings associated with the type 2 lenses. 

Arroyo aggradation occurs in response to a rising base level 

(Shepard, 1978) caused by an inability of the stream to transport sediment 

out of the channel (Love, 1977). Although the environmental factors that 

were discussed in the type 1 facies were present, a eustatic cause for 

aggradation o.f type 2 Abo lenses is also possible since they are capped by 

or are immediately updip from equivalent marginal inarine deposits (Lee 

Ranch Tongue, Fig. 24). 

UPPER ABO 

One framework fac.ies is found in the upper Abo interval (Fig. 
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13). It is very similar in composition to the underlying middle Abo 

fra1nework facies, but is generally more poorly sorted. 

Poorly-sorted arkosic sandstone 

Framework facies in the mud-rich upper Abo interval are similar 

in composition and texture to those of the middle Abo. However, they are 

generally more poorly sorted, much more variable in mean grain size (Fig. 

13; coarse silt to very coarse sand), and their maximum clast size is 

appreciably smaller (rnaximum of 15 mm; 0.6 in). 

Although outcrops are generally very poorly exposed, two types 

of framework facies, representing end-members of a spectrum, are 

delineated within and comprise a relatively sn1all percentage (15 - 30%) of 

this interval. One consists of broad, thin sheets up to 0.5 m (1.6 ft) in 

thickness that are identical in form and genesis to the previously described 

overbank sheetflood splay deposits. The other type is very similar to the 

type 1 middle Abo facies, but is appreciably smaller and thinner (Fig. 20 ). 

Only _these thin, narrow lenses will be described in detail in this section. 

Thin, narrow lenses 

This facies consists of erosionally based sandstone beds ranging 

from 0.15 - 1.2 m ( 0.5 - 4 ft) in thickness and 8 to greater than 50 m ( 26 

- 164 ft) in \vidth.. Although individual lenses commonly exhibit sheet-like 

form, with width/thickness ratios in excess of 50, others are distinctly 

channel-shaped with width/thickness ratios less than 10. 

The incompletely exposed upper Abo sandstone in Figure 25 

shows features that are typical of these lenses. They are similar in form 
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FIGURE 25. Photo (A), outcrop sketch (B), and measured sections (C) 
. 

through a typical upper Abo framework facies lens, High Rolls. Sedimentary 
• 

structures are poorly exposed in this facies, with major bounding surfaces 

delineating thin, irregular beds with highly variable width/thickness ratios. 
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to the isolated, multi-storey type 1 lenses of the middle Abo (Fig. 20), but 

contain more interbedded mud drapes and are much sn1aller in scale, 'Nith 

poorly defined central bodies and relatively large, extensive wings. 

Stratification is indistinctly exposed in these lenses, but consists primarily 

of planar laminations, with some small-scale trough cross-strata observed 

in the central body. Upward-fining trends in mean and maximum grain size 

are commonly, but not always, present in individual storeys and/or lenses. 

The interbedded mud drapes also commonly exhibit numerous mudcracks and 

root casts (Fig. 26). 

Interpretation 

Based on their similarity to the type 1 middle Abo facies, these 

smaller lenses are also interpreted to represent low to moderate sinuosity 

ephemeral stream deposits. However, the differences that exist between 

these two facies imply subtle variations in the depositional style of the 

upper Abo lenses. 

1. The paucity of sandstone in the upper interval, along with the 

scattered nature of these lenses, suggests that relatively few 

isochronous channels existed on an extensive, low-gradient, mud

dominated floodbasin surface. Consequently, an anastomosing stream 

pattern was not developed in the outcrop area during upper Abo 

deposition. 

2. The smaller scale of the upper Abo lenses and cross-strata, as well as 

their general decrease in both mean and maximum clast size, 

suggests that they were deposited in smalier (width and depth) 
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FIGURE 26. Mudcracks and root casts in the upper. Abo interval, upper 

La Luz Canyon. These are common structures in this intervalj and are 

often found in mudstone interbeds within the framework facies .. 
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channels than the updip type 1 facies. A downdip decrease in 

stream-channel size reflects decreases in flow discharge due to 

infiltration and/or evaporation and is characteristic of terminal fans 

and inland distributary systems formed in extensive, low-gradient, 

arid to semi-arid floodbasins (Riley, 1977; Friend, 1978; Graham, 

1983; Parkash et al, 1983). 

3. Rare flood events were apparently confined to the same general course 

as indicated by the multi-storey nature of the lenses, but the 

numerous interbedded mud drapes suggest major periods of prolonged 

channel abandonment and desiccation. Therefore, it is suggested 

that the ephemeral nature of these lenses not only refects prevailing 

environmental conditions, but also a decrease in flow frequencies 

resulting from updip discharge ·capture within the dis_tributary 

syste1n. 

DEPOSITIONAL MODEL 

The Abo Formation in the Sacramento Mountains is the product 

of an evolving, dominantly fluvial depositional system (Fig. 27) 

characteristic of the transverse basin-fill model 1 of Miall (1981). The 

proximal portion of this system consisted of a series of small (radii less 

than 16 km; 10 mi) coalescing alluvial fans that 'Here deposited in the 

Qrogrande Basin adjacent to the western edge of the Pedernal Uplift. The 

semi-arid to arid climate, drainage area size, and to a lesser extent, 

source area lithology (granite, quartzite, limestone, sandstone, and mud

rich sedimentary rocks), strongly controlled the size, processes, and 



88 

FIGURE 27. Depositional model for the Abo Formation in the Sacramento 

Mountains. 
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stratigraphy of these fans. Even though middle-fan to fan-fringe areas are 

incompletely exposed, it is apparent that ephemeral, high-energy nuvial 

processes dominated their positions. A braided stream systen1, fed by 

deeply incised fanhead channels and characterized by high channel density 

and instability, deposited broad sheets of gravel and sand in middle and 

outer fan areas. Short-duration sheetflood sand deposition characterized 

interaxis and fan-fringe areas, and resulted in complex stratigraphic 

relationships due to fan progradation, retreat, or segment switching. Inner 

portions of these fans are not exposed, but it is suggested that they most 

likely contain at least some debris- or mudfl.ow deposits based primarily on 

the large amount of mud available to the system and the inlerred climatic 

and tectonic setting. 

The basinward fluyial system developed on dry, low-gradient 

piedmont plain and floodbasin surfaces which contained occasional playa 

lakes (Fig. 27) and were stabilized by approximately equal rates of net 

sedimentation and gradual basin subsidence. As were the fans, this system 

was also characterized by ephemeral, high-energy fluvial processes. 'fhese 

processes, combined with the mud-rich source area, the stable, low

gradient depositional surface, and locally minor tectonic and/or eustatic 

base-level changes, resulted in the distinctive incised, aggradational, and 

a vulsi ve nature of the channel deposits. Downstrea1n decreases in 

discharge resulted from evaporation and infiltration and caused a stream 

pa.ttet•n change from multiple, anastornosed channels to basinward, single 

distributa.ry channels. Consequently, channel deposits decrease down 

paleodip in density, interconnectedness, and cross-sectional area (Fig. 27). 
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Associated overbank sandstone lenses in this fluvial system resulted from 

broad sheetflood splays in interchannel areas either before channel incision, 

after channel aggradation, or during extreme flood events. Modern 

examples of this depositional pattern are commonly developed in the 

interior basins of central and eastern Australia (Riley, 1977; Rust, 1981). 

During late-middle to upper Abo deposition, the Abo facies 

tract also included basinward shallow marine carbonate (Pendejo Tongue) 

and prograding elastic tidal flats (Lee Ranch Tongue) formed by a partial 

transgression of the low-relief floodbasin surface (Fig. 27). Another 

gradual, but much more extensive marine incursion resulted in deposition of 

the overlying gypsiferous Yeso Formation (Otte, 1959; Pray, 1961; Black, 

1975) in what is tentatively interpreted to have been both coastal marine 

and continental sabkha environments. 

Tectonic setting was an important factor in determining the 

thickness and distribution of the Abo fan and fluvial systems and their 

deposits. Since the fans were relatively small and were deposited 

immediately adjacent to a basin margin, their deposits are of limited extent 

(see lower Abo wedge, Fig. 8), but of significant value regarding regional 

tectonic interpretations. Pray (1952, 1961) and Otte (1959) both document 

syndepositional uplift and tectonic activity occurring in the Sacramento 

Mountains region during Abo time. This is supported by evidence found in 

lower Abo n1egasequences (Fig. 6, Appendix 1). These megasequences occur 

as individual or stacked, small-scale (10 - 50 m; 33 - 165 ft), asymmetrical 

upward-fining cycles that reflect the superposition of distal fan facies over 

more proximal fan facies (e.g., floodplain over sheetflood over braided 
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stream). The thickness and stacked nature of these cycles, as well as 

basin margin structure and geometry, strongly suggest that they reflect 

episodes of fan progradation and retreat in response to 1) limited back

faul ting (Heward, 1978a); and 2) recurrent source area uplift and 

subsequent scarp erosion and retreat (Fig. 12). Other factors, such as 

climatic changes (Lustig, 1965; Bull, 1977), rapid basin subsidence (Gloppen 

and Steel, 1981), fanhead entrenchment (Weaver and Schumm, 1974; 

Schumm, 1977), and fan seginent switching (He\vard, 1978a) also result in 

similar sequences, but these are generally symmetrical and smaller in scale. 

Minor variations within the lower Abo megasequences can be attributed to 

some of these factors. For example, fanhead entrenchment can result in 

sheetflood over braided distributary channel over sheetfl.ood facies (Fig. 6) 

or stream-·channel over floodplain deposits (Fig. 18). 

The upward-fining Abo basin-fill sequence (Figs. 6, 7, 8) 

reflects the final stages of tectonic activity in the Pedernal Uplift (lower 

Abo megasequences), as well as the eventual north and eastward migration 

of the Abo fan system in response to the quiescence, erosion) retreat 

(pedimentation), and burial of the remaining highlands. Therefore, the 

location, geo1netry, and extent of individual systems within the Abo facies 

tract was directly controlled by tectonic and geomorphic factors and varied 

through time according to the size and position of the Pedernal Uplift (Fig. 

28). Consequently, migration of the facies tra<.!t resulted in the onlapping 

of distal systems (e.g., upper Abo and/or Lee Ranch tongue) over more 

proximal systems (e.g., middle Abo), and produced the upward evolution in 

fluvial style that is observed in the Abo outcrops of the Sacramento 

Mountains (Fig. 29 ). 
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FIGURE 28. Paleogeographic reconstruction showing the relative extent 

and distribution of Abo lithofacies during lower (A), middle (B), and upper 

• 
Abo (C), as well as lower Yeso (D), deposition in the Sacramento 

Mountains. X - X' represents the approximate width and location of 

present-day Abo outcrops, and parallels the trend of cross section X - Xt 

in Figure 8. 
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FIGURE 29. Schematic E - W cross section of the Orogrande Basin 

margin at the beginning of Yeso deposition. The onlap of dis.tal Abo 

deposits over more proximal Abo units reflects the migration of the fluvial 

facies tract in i'esponse to the erosion, retreat, and burial of the Pedernal 

hinterland. 
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CONCLUSIONS 

Setting 

The Abo Formation exposed in the Sacramento Mountains was 

deposited along the eastern margin of the Orogrande Basin adjacent to the 

north-trending, fault-bounded Pedernal Uplift during Wolfcampian - early 

Leonardian time. The muddy nature of the strata eroded from the uplift 

strongly influenced Abo depositional styles, particularly in basinward fluvial 

systems. 

Climate 

Abo paleoclimatic conditions were consistently semi-arid to 

arid, although short-term fluctuations in precipitation patterns were 

common. This was probably the single most important factor controlling 

the processes, and hence the resultant facies types and distributions in the 

Abo depositional system. 

Depositional Model 

Three major Abo lithostratigraphic intervals are delineated in 

the northern Sacramento Mountains which reflect deposition by a proximal 

(northeast) - distal (southwest) transverse fluvial facies tract. This tract 

consists of: 

A. Middle to fan-fringe alluvial fan deposits containing i) stream

channel; ii) braided stream; and iii) sheetfl.ood facies; and 

B. Basinward lo\AJ to n1oderate sinuosity epherneral stream deposits 

characterized by i) channel incision, aggradation and avulsion; and ii) 

downstream decreases in channel size and density (anastomosing to single

channel distributive patterns) resultii1g frorn discharge infiltration and/or 

evaporation. 
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Associated Facies 

The Pendejo Tongue of the Hueco Limestone and the Lee Ranch 

Tongue of the Abo Formation are lateral paralic equivalents to the 

nonmarine facies above, and record a partial transgression of the low-relief 

middle to upper Abo floodbasin surface in the central and southern 

Sacramento Mountains. 

Tectonic Implications 

The Abo basin-fill sequence reflects the migration of the Abo 

facies tract in response to the final stages of tectonism (stacked lower Abo 

megasequences), and the eventual long-term erosion, retreat and onlap of 

the Pedernal Uplift (upward-fining basin-fill sequence). 
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