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Abstract 
The Lower Ordovician (Canadian) El Paso Formation conformably overlies Bliss Sandstone across 

most of southern New Mexico and west Texas. Locally, lower El Paso beds overlie plutonic and 
volcanic rocks. Field examination, sampling, and petrographic study of 38 stratigraphic sections from 
southeastern Arizona, across southern New Mexico, to Van Horn, Texas, indicate the El Paso was 
deposited in shallow waters near a shoreline to the north. The southwestern edge of the North 
American craton had subsided gradually throughout most of Canadian time, receiving the up-to420-
m-thick El Paso carbonate blanket. 

The El Paso Formation is subdivided by lithology into four members that are recognized throughout 
the region. In ascending order, the members are the Hitt Canyon (33-136 m), the Jose (3-33 m), the 
McKelligon (45-190 m), and the Padre (35-117 m). The gradually decreasing sand content upward 
through the Hitt Canyon Member indicates the Hitt Canyon was deposited farther from shore in waters 
that became deeper as the seas transgressed northward. Girvanella oncolites are locally abundant. 
Stromatolite mounds near the top of the Hitt Canyon and the presence of sand, ooids, and rounded 
bioclasts in the Jose Member record a shoaling environment. The McKelligon Member contains little 
or no sand; at several locales sponge-Calathium mounds and stromatolite mounds are prominent. The 
Padre contains a more restricted fauna that includes traces of ostracods. Beds in the lower part of the 
Padre Member are silty to sandy and locally contain thinly laminated zones. 

There is no correlation between stratigraphic members of the El Paso Formation and occurrences 
of dolostone. Beds in the lower part of the Hitt Canyon Member are typically dolostone, but are 
limestone at 25% of the sections studied. The El Paso Formation is mostly to completely dolostone 
at Beach Mountain near Van Horn, Texas, at Bishop Cap, and in the Sacramento, San Andres, 
Oscura, and Pedregosa Mountains. The El Paso is predominantly limestone at San Diego Mountain 
and in the Caballo and Mud Springs Mountains, 60 km west of the Bishop Cap—San Andres—
Oscura Mountains trend. At other locales, the limestone/dolostone ratios vary with no apparent 
geographic relationship. Locally, single beds of dolostone are interbedded with limestone sections. 
More typically, dolostone or limestone prevails for tens of meters of section. Evidence of supratidal 
dolostone is lacking except in some beds in the Jose and Padre Members. Hydrothermal dolostone is 
common in several sections. 

Pervasive bioturbation of El Paso Formation beds and a varied biota of echinoderms, sponges, 
gastropods, trilobites, Nuia, Calathium, cephalopods, and algae (plus minor brachiopods, Pulchri-
lamina, and ostracods) indicate a predominantly shallow-subtidal environment. Intertidal conditions 
prevailed intermittently, and possibly supratidal deposition took place during parts of Jose and early 
Padre times. Low-energy platform environments, in which a large volume of micritic muds accu-
mulated, were often disturbed by storms that produced abundant thin, poorly washed biosparite, 
intrasparite, and intrasparrudite (bioclastic and intraclastic grainstone) lenses. 

Introduction 

The El Paso Formation is one of many time-correlative units 
deposited on the North American craton in shallow Early 
Ordovician (Canadian) seas. It crops out in most mountain 
ranges from southeast Arizona to west Texas. Parts of it 
have been investigated in biostratigraphic detail. The 
regional knowledge of the formation has also been 
summarized (Kottlowski, 1963; Hayes, 1975a). The pur-
poses of this paper are: (1) to describe the sedimentary 
structures, textures, and compositions of the El Paso at 38 
locales between Willcox, Arizona, and Van Horn, Texas 
(Fig. 1); (2) to consider possible origins of dolomitization; 
and (3) to interpret the depositional environments. 

Procedures 
Outcrops of the El Paso Formation at 54 locales were 

investigated and compared with sections described in the 
literature (Table 1, Appendix A). From the investigations 
and published descriptions, representative sections at 38 
locales (Fig. 1) were chosen for detailed examination and 
for sampling for petrographic study. Because S. Thompson 
and A. D. Jacka are doing a separate study of Mescal Can-
yon, the less well-documented Ram Gorge section (about 1 
km north of Mescal Canyon) was chosen as the repre-
sentative section in the Big Hatchet Mountains. The Scenic 
Drive section and the El Paso type section were sampled in 
the southern Franklin Mountains to check for variations 
over short lateral distances. 

Sections were measured with a Jacob's staff and were 
sampled at varying intervals. Whether limestone portions  

were sampled at U.5- or 10-m intervals depended on outcrop 
lithology. That is, if a limestone section appeared uniform in 
composition, then it was sampled every 10 m; whereas if the 
lithology changed, each variation in composition was sampled 
to ensure that all lithology in the section would be 
represented. The Capitol Dome and Victorio Canyon sections 
were sampled at 2-3-m intervals as part of another project. 
From the samples taken from the 38 locales, more than 1,200 
thin sections were examined and most (912) were point 
counted; from the Capitol Dome and Victorio Canyon 
sections, thin sections were examined, but only about one-
third were point counted. Thin sections were described using 
the classifications of Folk (1959a) and Dunham (1962) and 
were point counted using grain-solid measurements and a 
300-point grid (Flügel, 1982; Appendix B). 

Nomenclature 
The El Paso Limestone was named by Richardson (1904) 

for all exposures of Ordovician limestone in the southern 
Franklin Mountains near El Paso, Texas. Richardson (1908, 
1909) later redefined the El Paso to include only the lower 
"1,000 ft" of Ordovician limestone. Darton (1916, 1917) ex-
tended the usage of El Paso Limestone westward into Luna 
County, New Mexico. Cloud and Barnes (1948) divided the 
El Paso in the type area into units A, B, and C, in ascending 
order (Fig. 2). They correlated the El Paso with other Lower 
Ordovician (Canadian) formations, most notably the Ellen-
burger Group of west and central Texas (Barnes et al., 1959). 
Cloud and Barnes (1948) also referred to the El Paso as a 



 

formation rather than as a limestone because regional field 
studies showed that the El Paso contains a varied lithology of 
"limestone, dolomite, minor sandstone, and local shale beds" 
(Cloud and Barnes, 1948: p. 61). 

The El Paso Formation was raised to group status by 
Kelley and Silver (1952). From the lithology observed in the 
Mud Springs Mountains and at Cable Canyon in the Caballo 
Mountains, they divided the El Paso Group into two units, 
the lower Sierrite Limestone and the upper Bat Cave For-
mation (Fig. 2). Flower (1958, 1959) recognized distinct 
faunal zones in the El Paso Group and later applied 
geographic names to the faunal units (Flower, 1964), which 
then became known as formal formations (Fig. 2). Flower 
(1969) and LeMone (1969, 1975, 1980) continued to use 
these formational names. Lucia (1968) established six lithic 
formational units for the El Paso Group in the Franklin 
Mountains and correlated these units with Flower's faunal 
zones. When Harbour (1972) mapped the Franklin 
Mountains, he maintained the name El Paso Formation, but 
described six informal units that closely coincided with 
Lucia's formations. Neither Lucia's nor Harbour's 
terminology has been accepted by later workers. 

Hayes (1975a, b) presented a new formational subdivision 
of the El Paso Group based on three lithic units recognized 
from southeastern Arizona to west Texas. The three units are 
the Hitt Canyon, McKelligon, and Padre Formations (in 
ascending order). The Hitt Canyon was named by Hayes  

for its type section, described by Harbour (1972), on the east 
side of the northern Franklin Mountains. The Hitt Canyon is 
equivalent to unit A used by Cloud and Barnes (1948) and to 
five formations used by Flower (1964) in the Franklin 
Mountains. For the middle unit, Hayes used the name 
McKelligon, a formation named by Flower (1964) for a sec-
tion at McKelligon Canyon in the southern Franklin Moun-
tains that was later assigned by LeMone (1969) as a type 
section. Hayes's McKelligon unit is equivalent to units B, 
and B2 of Cloud and Barnes (1948) and to the McKelligon 
Canyon, Snake Hills, and Mud Springs Mountain Formations 
of Flower (1964). The Padre, the upper unit, was named by 
Hayes for Padre Canyon in the Hueco Mountains, 45 km east 
of the El Paso type section. The Padre is equivalent to units 
B2, and C used by Cloud and Barnes (1948) in the type area 
and to the Scenic Drive and Florida Mountains Formations of 
Flower (1964). 

With slight modifications (Fig. 2), Hayes's units are con-
sidered the most appropriate for areal mapping and regional 
studies. The changes presented in this report are based in part 
on the recommendation of the American Commission on 
Stratigraphic Nomenclature (1961) and the North American 
Commission on Stratigraphic Nomenclature (1983) that 
formations be mappable at the scale of geologic mapping 
practiced in this region (1:24,000). Although recognizable 
throughout the region, subdivisions of the El Paso are not 
mappable at this scale in southern New Mexico. The 



 



 



 

formational subdivision of the El Paso used by Hayes is 
therefore abandoned. The Hitt Canyon, the McKelligon, and 
the Padre are here considered members of the El Paso 
Formation. 

Specifically, Hayes's Hitt Canyon Formation is here re-
defined as the Hitt Canyon Member, which includes his 
lower sandy and middle members. Hayes's upper sandy 
member of the Hitt Canyon, which is equivalent to the Jose 

Formation of Flower (1964) and LeMone (1969), is here 
named the Jose Member. Hayes's McKelligon Limestone and 
Padre Formation are here called the McKelligon Member and 
Padre Member. The El Paso Formation is thus subdivided into 
four lithic units (in ascending order): the Hitt Canyon, the 
Jose, the McKelligon, and the Padre. 

Although the Jose Member is very thin and is not mappable 
at a 1:24,000 scale, the sandy, oolitic unit is easily rec- 



 

ognizable throughout southern New Mexico. The name Jose 
has been used for 25 years; the lithic unit to which the name is 
applied is well understood. It is therefore appropriate to use 
"Jose Member" for this sandy unit rather than to introduce a 
new name. The Geologic Names Committee of the U.S. 
Geological Survey would not, however, accept "Jose" for this 
unit because Jose is the name of a mining district, not a 
recognizable geographic feature (Hayes, 1975a). 

Previous work 
Regional relations and correlations of the El Paso For-

mation were discussed by Kottlowski (1963), Hayes 
(1975a), and Aluka (1984). Ethington and Clark (1964) and 
Repetski (1982) described conodonts from the El Paso 
Formation in the southern Franklin Mountains. Toomey and 
Klement (1966), Klement and Toomey (1967), Toomey and 
Ham (1967), and Toomey (1970) studied the fauna of 
carbonate mounds and associated strata in the El Paso 
Formation of west Texas. LeMone (1969, 1974, 1976a, b) 
summarized and supplemented Flower's faunal units and 
presented several detailed descriptions of units in the 
southern Franklin Mountains and the uppermost unit in the 
southeastern Florida Mountains. 

Descriptions of outcrops in varying degrees of detail also 
accompany the mapping of the El Paso Formation in the Van 
Horn area (King, 1965), Hueco Mountains (King et al., 1945), 
Sacramento Mountains (Pray, 1961), Organ Moun  

tains (Seager, 1973, 1981), San Andres Mountains (Kottlowski 
et al., 1956; Bachman, 1965, 1968; Bachman and Myers, 
1969), Caballo Mountains (Kelley and Silver, 1952; Mason, 
1976), Mud Springs Mountains (Hill, 1956), San Diego 
Mountain (Seager et al., 1971), southeastern San Mateo 
Mountains (Kelley and Furlow, 1965), Black Range (Kuellmer, 
1954; Jahns, 1955; Hedlund, 1977), Snake Hills and Victorio 
Mountains (Kottlowski, 1960; Lynn, 1975), Silver City area 
(Paige, 1916; Jones et al., 1967; Pratt, 1967; Cunningham, 
1974), eastern Big Burro Mountains (Ballman, 1960; Hedlund, 
1978), Cooke's Range (Jicha, 1954; Clemons, 1982), Florida 
Mountains (Lochman-Balk, 1958; Corbitt, 1971; Clemons and 
Brown, 1983; Clemons, 1984, 1985), Klondike Hills (Rupert, 
1986), Big Hatchet Mountains (Zeller, 1965), Peloncillo 
Mountains (Gillerman, 1958; Armstrong et al., 1978; Drewes 
and Thorman, 1980a, b), Pedregosa and Swisshelm Mountains 
(Epis and Gilbert, 1957), and Dos Cabezas Mountains (Jones 
and Bacheller, 1953). 

Age and thicknesses 
The El Paso Formation conformably and gradationally 

overlies the Bliss Sandstone in southern New Mexico and 
west Texas and the Coronado Sandstone in southeastern 
Arizona. The Early Ordovician age of the El Paso Formation 
in southern New Mexico and west Texas has been well 
documented by Flower (1958, 1959, 1964, 1969), Kottlowski 
(1963), LeMone (1969, 1974, 1975, 1976a, b), and Hayes 



 

(1975a). Lindgren (1905), Epis and Gilbert (1957), Sabins 
(1957), Gillerman (1958), Krieger (1968), and Hayes (1972, 
1975a), however, interpreted that the El Paso of eastern 
Arizona and westernmost New Mexico is of Late Cambrian 
and Early Ordovician age. The El Paso has been described as 
diachronous, the lower beds being older in the west and 
younger in the east. In the Florida Mountains, the El Paso 
overlies Bliss Sandstone, which was deposited on Cambro-
Ordovician (503 Ma) granite and syenite (Evans and Clemons, 
1987, 1988). At this locale, the Bliss Sandstone and the El 
Paso Formation are younger than 503 Ma (Evans and 
Clemons, 1987). 

Although the lowermost Lower Ordovician may be rep-
resented by the Bliss Sandstone in some locations (such as the 
Florida Mountains, mentioned above), almost the entire Lower 
Ordovician is represented by the El Paso Formation. The 
lowermost El Paso, the Hitt Canyon Member, was deposited 
during early Canadian (late Gasconadian) time and the 
uppermost preserved beds of the Padre Member were 
deposited during late Canadian (Cassinian) time. A period of 
erosion preceded deposition of the Montoya Formation during 
Late Ordovician (Cincinnatian?) time. 

Preserved thicknesses of the El Paso Formation range from 
zero in the southern San Mateo and Oscura Mountains to 
about 420 m along the U.S.—Mexico border (Fig. 3A). The 
northward-thinned wedge has been attributed chiefly to 
erosion during early Middle Ordovician (Chazyan to Mo  

hawkian) time (Darton, 1928; Kelley and Silver, 1952; Kott-
lowski et al., 1956; Kottlowski, 1963). The thicknesses of 
the southern sections are partly due to greater depositional 
thicknesses of the Hitt Canyon and Jose Members (Figs. 3B, 
3C). Because Padre Member strata are preserved in only 14 
of the 38 locales studied, seven of which are virtually com-
plete, an isopach map of the Padre could not be made. An 
isopach map of the McKelligon Member also was not drawn. 
The McKelligon, like the Hitt Canyon and Jose, probably 
thickens southward as indicated by measurements of 113 m 
at Ash Canyon in the southern San Andres Mountains, 176 
m at Hitt Canyon in the northern Franklin Mountains, 160 to 
178 m at five other southern sections, and 190 m or more at 
Bishop Cap (Table 1). Lack of data on the El Paso 
Formation in the subsurface of northern Chihuahua and 
northeastern Sonora prevents positively extending the Lower 
Ordovician platform farther southward. 

Most previous workers have referred to the Bliss Sandstone 
and El Paso Formation as an eastward transgressive unit on 
the North American craton. Schuchert (1955) and Stauffer 
(1962) indicated an east-trending shoreline lay north of Truth 
or Consequences during the Early Ordovician. Recent work 
by Clemons and Osburn (1986) and by Stageman (1987) also 
suggested an east-trending shoreline in southern New Mexico 
during deposition of the Bliss Sandstone. Although Ross 
(1976) indicated transgression was more likely from the 
southwest during Early Ordovician time, isopach 



 

maps of the Hitt Canyon and Jose Members strongly sug-
gest transgression from the south. The northward deposi-
tional thinning of the Hitt Canyon and Jose Members and 
the lithology of the Jose suggest an east-west-trending 
shoreline lay to the north. 

The Jose Member is a thin unit (3-33 m) and changes little 
in lithology from Willcox, Arizona, to Van Horn, Texas, or 
from its southernmost to northernmost exposures. The Jose 
is apparently (nearly?) identical in age throughout this 
120,000 km2 area of the Lower Ordovician platform, but 
precise ages are lacking. The only published conodont study 
of the Jose is on the El Paso type section in the Franklin 
Mountains (Repetski, 1982). Additional studies at other sec-
tions are needed to verify age relations. Furthermore, a 
distinct mottled, oolitic lithology (Fig. 4) is easily 
recognized in the Hembrillo Canyon, Red Hills, Cable 
Canyon, and Kingston sections. Coincidentally(?), this 
easterly trend of oolitic strata in the Jose closely parallels 
the oolitic—hematitic lithotope of the Bliss Sandstone 
(Kelley, 1951). The northwest-trending thickening and 
thinning features of the Jose (Fig. 3C) may represent tidal 
channels or possibly long-shore sand waves. Oriented-grain 
analyses by Stauffer (1962) showed a north-south alignment 
in the long axes of elongate grains from the El Paso 
Formation in the Caballo Mountains. Stauffer attributed the 
possible cause of the alignment to tidal currents. 

Regional correlations 
Kottlowski et al. (1956) presented a concise correlation 

summary of the El Paso Formation. Subsequently, Flower 
(1964, 1965, 1969) and LeMone (1969) also correlated the 
El Paso with Canadian-age sections in Arkansas, Missouri, 
and Utah. The lowest part of the El Paso Formation in 
southern New Mexico and west Texas is continuous to the 
west with the Upper Cambrian Copper Queen Member of the 
Abrigo Formation in Arizona (Hayes, 1975a). To the east, 
the El Paso is continuous with the Ellenburger Group to 
central Texas and the Marathon Limestone in the Big Bend 
region (Cloud and Barnes, 1948; Toomey, 1964, 1970, 1978; 
Toomey and Nitecki, 1979). 

Cloud and Barnes (1948) subdivided the Ellenburger Group 
into the Tanyard, Gorman, and Honeycut Formations (in 
ascending order). The upper part of the Tanyard and most of 
the Gorman appear to correlate with the Hitt Canyon Member 
of this report. The uppermost Gorman and lowermost 
Honeycut beds are approximately equivalent to the Jose 
Member, as suggested by similarities in lithology, fauna, and 
erosional surfaces. The Jose is a distinct sandy, oolitic unit 
throughout southern New Mexico. Folk (1959b) stated that an 
oolitic zone near the Gorman—Honeycut contact is the only 
stratigraphic horizon traceable in the subsurface Ellenburger. 
Umphress (1977) also recognized a sandy zone with 
concentric oolites at the top of the Gorman in Reagan 



 

County, Texas. Hendricks (1964) interpreted the Gorman-
Honeycut contact as an erosional surface. LeMone (1969) 
and Toomey and Nitecki (1979) correlated most of the 
McKelligon Member of this report with the Honeycut 
Formation in central Texas. They considered that the 
upper part of the McKelligon and the Padre Member are 
postHoneycut. 

Cloud and Barnes (1948), Ethington and Clark (1971), and 
Toomey (1978) further demonstrated faunal and lithologic 
correlation of the El Paso, Ellenburger, and Marathon units 
with the Arbuckle Group in Oklahoma. Toomey (1964, 1%7), 
Flower (1964, 1969), and LeMone (1969) extended the cor-
relation of the El Paso with Canadian-age Gasconade, Roub-
idoux, Jefferson City, Cotter, Powell, and Smithville units in 
Missouri and with the Black Rock Formation in Arkansas 
(Fig. 5). Northward the El Paso appears correlative with the 
Oneota and Shakopee Dolomites in Wisconsin and Minnesota, 
the Manitou Formation in Colorado, and the Deadwood 
Formation in the eastern Montana—Dakotas region (Toomey, 
1978; Ross, 1976). Other correlative units, at least partly 
based on identification of conodonts and related fauna, include 
Fillmore Formation and House Limestone in western Utah, 
Garden City Formation in northeastern Utah, Ninemile 
Formation and Goodwin Limestone in central Nevada, 
Sarbach and Mons Formations in British Columbia, St. 
George Group in Newfoundland, and Beekmantown Group in 
the Appalachian region (Church, 1974; Hintze,  

1973; Pratt and James, 1982; Rigby, 1965; Ross, 1976; 
Stricker and Carozzi, 1973; Toomey, 1978). 

Correlations of the El Paso Formation with southern units 
is presently not possible. The southern extent of the El Paso 
and its equivalents are buried by more than 4,900 m of 
Pedregosa basin fill. Relations between the El Paso and 
small, poorly exposed outcrops of Lower Ordovician rocks 
in Sonora and Baja California (Gastil and Miller, 1981; Lo-
pez-Ramos, 1969; Stewart et al., 1984) and the Sostenes 
Formation in Chihuahua (Bridges, 1964) are poorly under-
stood. 

Major funding for this project was provided by the New 
Mexico Bureau of Mines and Mineral Resources. I am in-
debted to Frank E. Kottlowski, Director, and the Bureau for 
continued support of my geologic studies in southern New 
Mexico. A minigrant from the Arts and Sciences Research 
Center at New Mexico State University helped to defray 
costs for some petrographic and photographic work. Dis-
cussions with Dave LeMone, Greg Mack, and Sam Thomp-
son III aided in interpretation of the data. A day in the field 
with Rousseau Flower was especially helpful in recognizing 
the faunal zones. Greg Dozer provided petrographic data on 
several of the measured sections. Manuscript quality has 
benefited greatly from comments by Phil Hayes, Steve 
Rowland, and Don Toomey. 
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Sedimentary structures 

Sponge-Calathium mounds 
Large (up to 6 m high and 13 m long) carbonate mounds 

are conspicuous in the lower part of the McKelligon Mem-
ber near the El Paso type section (Fig. 6A). Large sponge-
Calathium mounds are well developed in the type section 
and Scenic Drive, Ash Canyon, Cable Canyon, and Lone 
Mountain sections (Fig. 7). The large mounds are less com-
mon at most other locales and with few exceptions are re-
stricted to the McKelligon Member throughout the study 
area (Fig. 6B). Smaller (less than 1 m high and 1.5 m long) 
mounds are present throughout the McKelligon and occur in 
about one-third of the sections studied. A couple of sponge-
Calathium mounds are present in the Jose Member and one 
occurs in the uppermost part of the Hitt Canyon Member. 
None has been reported in the Padre Member. 

The sponge-Calathium mounds are composed chiefly of 
lime mud. Toomey (1970) estimated that about 60 to 75% 
of the mounds are composed of lime mudstone and wacke-
stone. Bioclasts, which may comprise up to 25% of the  

mound rock, are fragments of mostly echinoderms, spicules 
and spines, trilobites, and gastropods; Girvanella, Nuia, 
and brachiopods are scarce. The skeletal framework is 
dominated by siliceous lithistid sponges (Fig. 6C) and 
Calathium, a problematical organism regarded as a quasi-
sponge (Toomey, 1970), a receptaculitid alga (Church, 
1974), or upright alga (Toomey and Babcock, 1983). In the 
lower part of the McKelligon at the El Paso type section, 
the upper "climax stage" of the larger mounds contains 
abundant Pulchrilamina spinosa (Toomey and Ham, 1967). 
Pulchrilamina was not positively identified at any other 
sections in the study area, although it may be present in the 
Quartzite Ridge section near Lake Valley. Digitate 
stromatolites (Figs. 8, 9), where present, are near the bases 
of sponge-Calathium mounds, overlying dolomitized, 
mottled, burrowed wackestone. 

Some sponge-Calathium mounds were cut by irregular 
channels (Fig. 8) before overlying beds were deposited. The 
channel fills are dark and are composed of bioclastic and 
intraclastic grainstone (biosparite, intrasparite) and minor 
packstone (biomicrite). Many large channels have cross-
bedded fillings that contain broken and abraded sponges, 
Calathium, and silicified cephalopod siphuncles. Rounded 

 



 

 

intraclasts of mound rock and intermound beds commonly 
have micritized rims. In many channels, intraclasts are also 
partly to almost completely replaced by large euhedral do-
lomite rhombs. Bioclasts include abundant Nuia and the 
skeletal components of the mounds. 

Cryptalgal mounds 
A second type of carbonate mound in the El Paso For-

mation are the stacked hemispheroidal stromatolites (Fig. 
10A). These cryptalgal mounds are built on bioturbated 
dolomitic packstone and are common in the upper part of 
the Hitt Canyon Member; a few occur in the Jose Member 
and in the lower part of the McKelligon Member, where 
they are associated with the sponge-Calathium mounds. 
Stacked hemispheroidal stromatolites were not observed in 
the lower part of the Hitt Canyon, in the upper part of the 
McKelligon, or in the Padre Member. 

Most of the stromatolites are domes of constant radii and no 
walls. All five types described by Pratt and James (1982) 

FIGURE 8—Digitate algae (below scale) and calcareous channel 
fill (dark zone above scale). From lower part of McKelligon 
Member, Scenic Drive section, southern Franklin Mountains. 



 



in the Lower Ordovician St. George Group in western New-
foundland are locally present. Many are built into closely 
spaced columns that are up to 1 m high and 10 to 30 cm 
wide (Fig. 10B). In some of the stromatolite complexes, 
laterally linked hemispheroids connect the columns. In the 
Red Hills section, one stromatolite column tapers slightly to 
a cone-top 1.5 m above a 35-cm-wide base. The largest and 
best developed stromatolites are in the upper part of the Hitt 
Canyon Member in the Red Hills, Caballo Mountains, 
Cooke's Range, and Klondike Hills sections. Kelley and 
Silver (1952) described stromatolitic masses 12 m high and 
120 m long in the southern Caballo Mountains. A stro-
matolite mound complex in the northern Red Hills is shown 
in Figure 10C. 

Stromatolite columns are prominent in the Cooke's Range 
and Klondike Hills (Fig. 11), where they occur within thick 
beds at several horizons rather than as convex buildups. 
These horizons are just below and just above the Jose Mem-
ber. No stromatolites were seen in the Snake Hills and Vic-
torio Mountains sections, midway between the Cooke's 
Range and Klondike Hills sections (Fig. 7). Stromatolites 
occur only as rare small, conical forms in the lowermost 
part of the McKelligon in the Florida Mountains. 

The stromatolite rock in mud mounds is typically lime 
mudstone or wackestone; it probably accumulated from blue-
green algal binding of locally derived sediment and from 
bioclasts that slowly settled out of suspension (Logan et al., 
1964; Pratt, 1982). The only evidence of algal binding in the 
cryptalgal rock is dark and light laminations, in which the dark 
color is probably due to algal content. Bioclasts, which  

comprise 3 to 18% of the rock, are embedded in micrite or 
microspar. Spicules are the most abundant small bioclasts, 
followed by traces to a few percent of echinoderms, Nuia, 
trilobites, and Girvanella. 

The cryptalgal laminated rock typically contains up to 10% 
spar-filled voids (stromatactis) that are commonly sub-
parallel to the laminations (Fig. 10A). The fenestral fabric of 
the stromatactis microstructure (Fig. 12) may have been 
caused by gas escape, organic decay, or desiccation. Spar 
subsequently filled the 0.2-0.7-mm voids. The cryptalgal 
laminated rock usually contains a trace to 3% of fine- to 
coarse-grained quartz silt. 

Interstromatolite fillings in the mound complexes are 
composed of bioclastic and intraclastic grainstone and pack-
stone. Abraded fragments of echinoderms, Nuia, and tri-
lobites are abundant; gastropods and brachiopods are sparse. 
The intraclasts are rounded clasts of cryptalgal laminated 
rock and spicular wackestone. Scattered euhedral dolomite 
rhombs are common and traces of small (0.10-0.15 mm) 
iron oxide cubes (probably pseudomorphs of pyrite) are 
present in a few thin sections. 

Oncolites 
Oncolites, spheroidal and ellipsoidal cryptalgal structures 

that are 0.5 to 1.5 cm in diameter, are common in the Hitt 
Canyon Member at some locales. Brown (1982) used on-
colites as an indicator of "lower El Paso" (Hitt Canyon) 
when he mapped in the Florida Mountains; they are 
abundant in the middle and upper parts of the Hitt Canyon 
at most exposures in the Florida Mountains. Lochman-Balk 
(1958) and Lynn (1975) referred to the oncolites in the 
middle and upper parts of the Hitt Canyon as Girvanella 
algal spheres. A graded-bedding appearance is produced at 
Capitol Dome by repeated sequences of coarse-crystalline, 
yellowish-brown dolostone separated by a sharp contact 
from overlying medium-crystalline, medium-gray, 
oncolite-bearing dolostone. 

Oncolites are prominent in the upper part of the Hitt 
Canyon Member in the Klondike Hills (Fig. 13) as noted by 
Rupert (1986). Similar oncolites are exposed in the Hitt 
Canyon at Chaney Canyon on the southwest side of the Big 
Hatchet Mountains; they are scarce to absent in the Ram 
Gorge and Mescal Canyon sections in the northeastern Big 
Hatchet Mountains. Another occurrence of abundant on-
colites is in the Ash Canyon section in the southern San 
Andres Mountains. The oncolite zone there extends from 

 

 



 

the uppermost part of the Hitt Canyon into the Jose Member. 
Oncolites are conspicuous in the Jose northeast of Cox 
Mountain. Oncolites have not been observed in the Mc-
Kelligon or Padre Members. 

Oncolites have concentric, thin (0.1-0.5 mm) laminae 
often arranged asymmetrically around intraclast and 
bioclast nuclei. Many are without distinct nuclei and 
consist mostly of tangled masses of Girvanella (Fig. 14). 
Micritization and neomorphism of the oncolites have 
destroyed most of the Girvanella(?) tubular structures, but 
similar morphology in a few oncolites that have remains of 
Girvanella tubules suggests all have a similar origin. Most 
of the oncolites occur in dolomitized rock where 
microstructures are not preserved. 

Cryptalgal laminites 
Thinly laminated (0.5-3.0 mm), silty, fine-crystalline 

(0.020.06 mm) dolostone and dolomitic siltstone beds are 
common in the lower part of the Padre Member in the 
southern Hueco and Franklin Mountains, at Bishop Cap, and 
in the southern San Andres Mountains (Fig. 15). This 
lithology is not seen in the Padre in the Florida Mountains. 
Similar laminated rock occurs locally in the Jose Member in 
some sections. 

The slightly undulating cryptalgal laminites appear to be 
stratiform stromatolites. Scattered thin (0.5-1.5 cm), dis-
continuous interlaminae of fine-crystalline dolostone, mud-
cracks, rip-up clasts, and brecciated layers are common in 
these stromatolites. Hayes (1975a) interpreted that intra-
clasts in the lower part of the Padre Member in the Hueco 
Mountains are desiccation chips of algal-mat dolomite. 

Lucia (1971) described cryptalgal laminites in the lower 
part of the Padre Member, the tidal flat unit that he called 
the Cindy Formation. The lower laminites in this unit are 
dark gray to very dark gray and are underlain by about 15 
m of crossbedded dolomitic sandstone and 8 m of thin-
bedded sandy dolostone. 

 

 



Stylolites 
Stylolites are abundant throughout the El Paso Formation. 

Only two or three of the more than 1,000 thin sections 
examined lack stylolites (Fig. 16). The stylolites are typically 
parallel or subparallel to bedding. They vary from slightly  
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undulating seams to jagged, seismogram-like lines with 
vertical columns up to 1 cm high. They are commonly 
filled with unidentified opaque insoluble material, iron 
oxides, silt, and some euhedral dolomite rhombs. 

In many sections stylolites cut spar veinlets, but in other 
sections veinlets cut across stylolites. The stylolites ob-
viously formed by solution after lithification because they 
cut bioclasts, intraclasts, ooids, dolomite rhombs, spar ce-
ment, and micrite matrix indiscriminantly. It is interesting 
to speculate how much dissolved material has been re-
moved from the El Paso and how much of the original 
thickness of lithified rock has been preserved. 

The dolomitic, clay-rich, insoluble residues along stylolites 
stand out in relief on bedding faces. Hill (1956) and Zeller 
(1965) referred to this insoluble material as "silty chert 
laminae" and Kelley and Silver (1952) referred to it as "chert 
laminations." Many previous workers, including Pray (1961), 
Kelley and Silver (1952), and Kottlowski (1963), noted its 
reticulated appearance. 

Burrows 
Burrows are ubiquitous in carbonate rocks in the El Paso 

Formation. They stand out in relief on weathered surfaces 
(Fig. 17A, B) forming the "twiggy" appearance on bedding 
planes in at least parts of all El Paso sections studied. Several 
previous authors referred to these features as mottling and 
fucoidal markings (Jones et al., 1967; Pratt, 1967; Lucia, 
1968; Zeller, 1965). Zeller (1965) also referred to them as 
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worm trails or burrows in the upper part of the El Paso in the 
Big Hatchet Mountains. Lochman-Balk (1958) described 
these features as "twig-like algal structures." The light yel-
lowish-gray burrow fillings are characteristically dolomitic 
and often slightly silty and micritic (Fig. 18A). However, 
burrows filled with bioclasts and spar occur locally (Fig. 
18B). 

Three sizes of burrows are present in some sections but at 
different stratigraphic horizons. The burrows most abundant 
are 0.3 to 1.0 cm in diameter. Smaller burrows (0.10.3 cm in 
diameter) locally occur with them or alone. The largest 
burrows(?) are 1.5 to 5.0 cm in diameter and are pervasively 
replaced by chert. On bedding faces, the brown-weathering 
chert appears as circular to ellipsoidal chert nodules 
concentrated in a few zones parallel to bedding (Fig. 19). 
When seen on bedding planes, the nodules are cross sections 
of a tubular network. All three types of burrows are mostly 
horizontal and parallel to bedding and form branching and 
anastomosing networks (Fig. 17A, B). A few of the smaller 
burrows may locally traverse bedding as much as 6 cm. The 
dolomitic and calcitic surfaces of the burrow fills normally 
show marked differences when weathered; the distinct 
dolomitic burrow fills are more conspicuous  

than the calcitic. Locally, intense bioturbation has 
churned the original sediments to such an extent that 
individual burrows cannot be distinguished in the mottled 
textures of bioturbated dolomitic material and 
"undisturbed" calcitic sediment. 

Identity of the creatures that formed the burrows is un-
known. Similar occurrences have been attributed by Kendall 
(1977) to Spongeliomorpha and by Sheehan and Schiefelbein 
(1984) to Thalassinoides. Brett and Brookfield (1984) illus-
trated similar small burrows that they identified as borings 
by Trypanites and intermediate-size burrows as borings by 
Thalassinoides. 

Scour and fill 
Small-scale erosional surfaces and hardgrounds are com-

mon features throughout the El Paso Formation and are 
especially conspicuous in the McKelligon Member. Relief 
on scoured erosional surfaces is generally 1 to 5 cm (Fig. 
20A) and rarely more than 10 cm. Overlying scoured sur-
faces of wackestone and packstone are lenses of intraclastic 
grainstone (intrasparrudite). These lenses average about 3 
cm thick; a few are up to 15 or 20 cm thick. The thin lenses 
pinch out laterally within a few meters, whereas one 20cm-
thick lens was traced 100 m to a covered area. Three-
dimensional views of the lenses are provided at many ex-
posures. The intraclastic grainstone lenses appear as shal-
low "basins" rather than as channels. Earlier reports (Kelley 
and Silver, 1952; Jones et al., 1967; Lynn, 1975; Lochman-
Balk, 1958) referred to the intraclastic grainstone as lime-
stone-pebble and intraformational conglomerates and as 
calcirudite. 

The intraclasts in the grainstone lenses average about 1 cm 
in length, range from 1 mm to 3 cm, and rarely are as much 
as 10 cm long. They are predominantly well rounded and 
subelongated, but shapes may vary from equant to discoidal 
(Fig. 20B). The intraclasts must have been fairly rigid when 
deposited because none appears to be bent or squashed by 
adjoining grains. Intraclasts are wackestone, packstone, and 
lime mudstone (micrite and biomicrite). The 

  



type of intraclast that is predominant in each grainstone 
lens is correlative with the composition of the scoured bed. 
Spicular wackestone and Nuia wackestone are especially 
common (Fig. 21A). Commonly associated with the intra-
clasts are skeletal fragments of mud-filled gastropods and 
trilobites (Fig. 21B). The intraclasts are partly dolomitized 
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in some sections, and typically contain zoned euhedral 
rhombs confined to the micritic material. These intraclastic 
grainstone lenses are here interpreted as storm deposits. 

Crossbedding 
Crossbedding and low-angle cross-laminations are prom-

inent in dolomitic sandstone and sandy dolostone in the 
basal part of the Hitt Canyon Member at many locales, in 
the Jose Member in the Franklin, Sacramento, and San 
Andres Mountains (Fig. 22A), and in the basal part of the 
Padre Member in the Franklin and southern San Andres 
Mountains (Fig. 22B). They are also conspicuous in the 
lower part of the Hitt Canyon at Beach Mountain near Van 
Horn, Texas, and in the lower part of the Padre at Bishop 
Cap. Less prominent cross-laminations are exposed in the 
southern Hueco Mountains. Cross-lamination is directly 
related to sand content in the El Paso; the less sandy 
southwestern sections have fewer cross-laminated zones. 

  



 

Cross-lamination sets range in thickness from 10 to 30 cm 
and have bi-directional dips typical of swash and back-wash 
deposits. Locally, ripple laminations underlie the thicker 
cross-laminated beds. Some of these sandy beds have been 
interpreted as beach deposits (Lucia, 1968). LeMone (1976a)  

and Stageman (1987) interpreted that the lenticular sand 
bodies are tidal-channel deposits and the laterally contin-
uous sand bodies are storm-surge and storm-surge ebb de-
posits. 
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Petrography 

Terrigenous constituents 
Terrigenous minerals are minerals that were deposited in a 

basin as solids, but were derived from the erosion of a land 
area outside the basin of deposition (Folk, 1959a). Gen-
erally, the El Paso Formation contains little terrigenous ma-
terial. Terrigenous sand and silt are present in the basal part 
of the Hitt Canyon and Padre Members and in the Jose 
Member. Sand and silt are generally visible in crossbedded 
dolomitic sandstone and sandy dolostone (as noted above in 
section on crossbedding). Most of the sand and silt are made 
up of well-rounded, well-sorted, medium-grained quartz. 
Feldspars and volcanic and metamorphic rock fragments are 
locally scarce to common. 

Quartz grains are both monocrystalline and polycrystal-
line and undulose and non-undulose. Monocrystalline 
quartz grains are non-undulose and well rounded and 
contain abundant microlites. Polycrystalline quartz grains 
are typically undulose and may contain elongated crystals, 
sutured intergranular boundaries, and deformation 
lamellae. Feldspar grains are predominantly subrounded 
microcline and perthite. Plagioclase is rare. The potassium 
feldspars may be sericitized; plagioclase, where present, is 
typically kaolinized. A few angular perthite grains are 
scattered throughout the dolomitic Hitt Canyon Member in 
the southeastern Florida Mountains. 

Lithic terrigenous fragments are also present. Lithic quartz-
feldspar grains are subangular, relatively large fragments of 
monocrystalline quartz and microcline. Volcanic rock 
fragments have a felted texture, are stained by sodium cob-
altinitrite, and thus are rhyolitic in composition. A few well-
rounded, large chert grains occur in a couple of sections, 
indicating a sedimentary source (Stageman, 1987). 

The abundance of terrigenous monocrystalline quartz and 
potassium feldspars in El Paso Formation sandstones in-
dicates a dominantly granitic source; polycrystalline quartz 
and its particular textures suggest a metamorphic source. 
The most probable granitic and metamorphic sources for 
these sands are the Precambrian and Cambro-Ordovician 
plutons of southern New Mexico. Remnant islands of Pre-
cambrian and Cambrian rock were common in the Ordo-
vician and served as sources of detritus for Paleozoic seas 
(Kottlowski et al., 1969, 1973). In the Franklin Mountains, 
potassium-rich volcanic rock fragments are present and 
were derived from the nearby Thunderbird rhyolite, which 
served as a source of volcanic detritus for the area. 
Precambrian metasedimentary rocks that are exposed in the 
Sacramento Mountains were probably the source of the 
minor sedimentary detritus. 

Allochemical constituents 
Allochems are constituents that formed by chemical pre-

cipitation within the basin of deposition and organized into 
discrete aggregates (Folk, 1959a). Allochems occur in various 
stages of preservation throughout the El Paso Formation. They 
are easily visible in all thin sections of limestone, except in a 
few from cryptalgal mounds. In dolostone, however, only 
vague allochem ghosts remain. An allochem ghost is 
recognizable by the presence of a dusty brown area within the 
dolomite-crystal mosaic. The brownish appearance is 
attributed in part to organic matter, but more commonly it is 
due to the presence of abundant fluid-filled vacuoles in the 
replacing dolomite (Folk, 1959b). Because most allochems in 
dolostone have been obliterated and are difficult to identify, 
only the less intensely dolomitized sections were sampled for 
detailed study and only about 100 thin sections of dolostone 
were examined. All allochem percentages in the tables of 
Appendix B are based on grain-solid analyses  

(Flügel, 1982) of 300 points for each thin section. A trace 
indicates that allochems are present in a thin section, but 
represented no more than 1 point in the count. 

Bioclasts 
Paleontology of the El Paso Formation has been discussed 

by many workers, including Cloud and Barnes (1948, 1957), 
Ethington and Clark (1964), Flower (1953, 1957, 1964, 1969), 
Hayes (1975a), Jones et al. (1967), Kottlowski et al. (1956), 
LeMone (1969, 1974, 1976a, b), Pratt (1967), Repetski 
(1982), Toomey (1970), Toomey and Ham (1967), Toomey 
and Mement (1966), and Yochelson and Bridge (1957). 
Flower (1969) noted that the faunal succession in the El Paso 
is difficult to determine because of poor fossil preservation 
and a lack of weathering that frees fossils from the carbonate 
matrix of rocks. Limited collections have yielded specimens 
of brachiopods, cephalopods, gastropods, sponges, and tri-
lobites. This report concentrates on fossil fragments seen in 
thin sections. 

Brachiopods—Brachiopods are relatively scarce in the El 
Paso Formation as indicated by the fact that 76% of the thin 
sections contain no brachiopod fragments. Two thin sections 
from channels cut in sponge-Calathium mounds in the 
southern Franklin Mountains contain 8 and 15% brachiopod 
fragments (Fig. 23). Apparently these thin sections represent 
local concentrations because other thin sections contain no 
more than 4% brachiopod fragments, and the vast majority 
have only a trace or none (Appendix B). 

The brachiopods are chiefly impunctate types. A few 
pseudopunctate valves were observed. Locally, as in the San 
Lorenzo section, thin brachiopod valves are chitino-
phosphatic. In other sections, some of the calcareous valves 
are partly replaced by chalcedony (micro-prismatic silica). 
Although there does not appear to be any systematic strati-
graphic variation in brachiopod content in the El Paso, more 

 



 

detailed study may show that variations in brachiopod 
content are related to occurrences of mounds and shoaling 
episodes. 

Calathium—Calathium is only present in and near the 
sponge-Calathium mounds, and thus its occurrence is re-
stricted to the McKelligon Member and rare small mounds 

 

in the Jose Member. Calathium was apparently a rather 
sturdy organism because Calathium fragments are also found 
in channel fills in mounds and immediately adjacent to 
mound flanks. 

Previously called an upright alga (Toomey and Babcock, 
1983), a quasi-sponge (Toomey, 1970), and problematical 
organism or receptaculitid alga (Toomey, 1981; Church, 
1974), Calathium is now classified as a receptaculitid 
(Nitecki, 1986). In growth position, Calathium has a 
downward-tapering cone shape with a root-like system for 
attachment (Toomey and Nitecki, 1979; Nitecki, 1986). 
Specimens are up to 12 to 15 cm high and 5 to 6 cm wide at 
their tops. They are typically silicified on weathered rock 
surfaces and have grid-network wall structures (Fig. 24A) and 
characteristic double walls (Fig. 24B). Their spines(?) and 
walls in transverse section (Fig. 24B) are easily distinguished 
from sponge spicules by size (Fig. 25A, B). 

Calathium was not counted as a separate allochem because 
of its restricted occurrence. Traces seen in flank beds (Fig. 
26) were included with sponge spicules (Appendix B). 

Cephalopods—Flower (1964) described the cephalopods in 
the El Paso Formation. They are represented chiefly by 
silicified siphuncles (Fig. 27A), but a few outcrops contain 
whole fossil outlines and septa (Fig. 27B, C). They are scarce 



 

in the Jose and Padre Members, but are common in the 
upper two-thirds of the Hitt Canyon Member and through-
out the McKelligon Member. Their distribution does not 
appear to vary regionally; cephalopods may be concen-
trated near mounds, but many siphuncles occur in beds far 
from any observed mounds. 

Cephalopods were not counted as allochems because (1) 
their size is relatively large and (2) fragments are often 
unidentifiable. A cephalopod can easily occupy a whole 
thin section, and so rocks were sectioned to avoid even 
the siphuncles, which are typically 1 to 3 cm in diameter. 
In most samples, fragments of original shell material were 
fragmented beyond positive recognition and were dis-
solved and replaced by spar or silica. 

Echinoderms—Bioclasts herein referred to as echinoderms 
are organisms composed of stalked and unstalked forms that 
attached themselves to the sea bottom (pelmatozoans). 
Predominant ossicle and calyx fragments in the El Paso are 
probably those of crinoids and some cystoids (Toomey, 1970; 
Toomey and Nitecki, 1979; Toomey and Babcock, 1983). 

Echinoderms are among the most abundant bioclasts in 
the El Paso Formation. They are present to some extent in 
most thin sections (Appendix B). Thin sections have an 
average content of about 5 to 10% and range up to 59% 
echinoderm fragments (Fig. 28A). The echinoderm frag-
ments are typically bored and have micritized rims (Fig. 
28B, C), which Klement and Toomey (1967) interpreted as 
work of the alga Girvanella. Syntaxial overgrowths on the 
echinoderm fragments are abundant in most thin sections. 
Locally, the bioclasts are partly replaced by chalcedony. 
Echinoderm fragments are very well rounded in the Jose 

Member (Fig. 28C) and some form the nuclei of ooids. 
There does not appear to be any significant variation in 
regional or vertical distribution of echinoderms throughout 
the El Paso. 

Gastropods—Gastropods are another important constit-
uent in most thin sections (Fig. 29). A few thin sections 
contain up to 26% gastropod fragments, but most thin sec-
tions average about 2 to 3% (Appendix B). 

Gastropods probably made up a larger proportion of orig-
inal El Paso Formation sediments. Most gastropod shells 
were originally composed of aragonite, which was dis-
solved during diagenesis and which left molds. If pre-
served, the molds were then filled with mosaics of sparry 
calcite (Fig. 30A, B). Otherwise the organisms were oblit-
erated from the geologic record. The gastropod in Figure 
30C appears to have very thin inner- and outer-shell layers 
of calcite, which enclosed the central aragonite layer that 
was dissolved and replaced by the spar mosaic. 

Gastropods are significantly not common or are absent in 
grainstone most likely because the shells break up in 
environments of more agitated waters, where finer grains are 
winnowed out (Fig. 30D), and are not easily recognized. 
Both planospiral (Lecanospira?, Maclurites?) and high-
spired (Hormotoma?) gastropods are well represented in the 
thin sections. 

Girvanella—The blue-green alga Girvanella apparently was 
very abundant in original El Paso Formation sediments. Its 
tubular filaments that are 10 to 16µ in diameter may occur as 
loose threads (Fig. 31A, B), intertwined felt-like masses, 
tightly coiled nodular aggregates (oncolites), or as encrus-
tations (Fig. 31C). More typically Girvanella occurs as col- 



 



 



 

lapsed dark, micritic tubules in which the characteristic outlines 
are destroyed. 

Klement and Toomey (1967) described the corrosion of 
allochems and micritic rims on allochems and interpreted that 
the corroded features were bored and perforated by 
Girvanella. Girvanella was not point counted because positive 
identification could be made in only a few thin sections. Much 
of the micrite matrix seen in thin sections probably comprises 
Girvanella material. 

Nuia—A problematical micro-organism known as Nuia 
siberica (Maslov, 1956) is the most abundant and character-
istic bioclast in the El Paso Formation. Nuia siberica Maslov 
has straight or curved tubes with dark central canals. The 
single and multiple walls are composed of radially arranged, 
hyaline calcite prisms (Fig. 32A). Transverse sections are 
circular (up to 0.8 mm in diameter), oblique sections  

are elliptical, and longitudinal sections are elongate (up to 
3 mm in length). Mamet and Roux (1982) illustrated Nuia 
siberica as an upright stalked form with dichotomous ram-
ifications and encasing or budding growths, which could 
produce sections seen in Figure 32B. 

Previous to 1965, several workers, including Folk (1959b) 
and Stauffer (1962), referred to Nuia grains in the Ellen-
burger Group and El Paso Formation as oolites. Umphress 
(1977) also referred to Nuia grains in the Ellenburger as 
oolites. Flower (1964) reported "an unnamed hollow tubular 
alga" in the El Paso Formation. Swett (1964) reported and 
illustrated questionable algal grains in the Lower Ordovician 
Manitou Formation of Colorado. Toomey (1965) and 
Toomey and Klement (1966) recognized these grains as Nuia 
and reported the occurrence of Nuia in the El Paso in the 
southern Franklin Mountains. 
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Nuia is present in about 80% of the thin sections (Ap-
pendix B). Nuia averages about 5 to 10%, but commonly 
comprises 15 to 20% of a thin section and up to 66% of one 
thin section from Ash Canyon. Typically, Nuia is most abun-
dant in the Hitt Canyon Member. Nuia is a common skeletal 
component in the Jose and McKelligon Members, but is 
scarce in the Padre Member. Nuia grains are equally common 
in grainstone (Fig. 32C) and packstone or wackestone (Fig. 
32D). Toomey and Klement (1966) noted the incompatible 
relation between Nuia and the questionable blue-green alga 
Renalcis (Riding and Toomey, 1972; Pratt, 1984). Neither 
Renalcis nor a common Renalcis associate, Epiphyton, were 
observed in any thin sections from the El Paso. 

Ostracods—Ostracods are a minor constituent in the El 
Paso Formation. They were observed only in the Padre 
Member (Fig. 33A, B), where they are present generally in 
trace amounts in about one-third of the thin sections (Ap-
pendix B). The ostracods occur mostly as disarticulated valves 
0.4 to 0.6 mm long. One thin section from Klondike Hills 
contains 4% disarticulated valves. This large occurrence 
probably represents a local concentration of reworked valves. 

Pulchrilamina spinosa—Another minor constituent in the 
El Paso Formation is Pulchrilamina spinosa. Toomey and 
Ham (1967) described and illustrated this newly recognized 
species where it occurs in the El Paso type section in the 
Franklin Mountains and in the correlative unit in the Arbuckle 
Group in southern Oklahoma. 

Pulchrilamina is a massive colonial organism that produces 
structures that resemble stacked, wavy hemispheroidal 
stromatolites (Fig. 34). The laminae are convex upward and 
vary in thickness laterally; some pinch out, some bifurcate 
(Fig. 35). The upper surfaces bear randomly arranged, sharply 
pointed spines (Fig. 35). The laminae and spines are typically 
replaced by mosaics of sparry calcite (Fig. 35) so that no 
microstructures are preserved. On surface exposures, the 
laminae and spines are commonly replaced by silica and stand 
out in relief. 

Pulchrilamina is believed to be a primitive coelenterate 
(Toomey and Ham, 1967; Toomey and Babcock, 1983; 
Webby, 1986). Pulchrilamina spinosa was observed only in 
the spongeCalathium mounds in the McKelligon Member in 
the El Paso type section. It was not seen in outcrops or in 
thin sections from sponge-Calathium mounds elsewhere 
within the region studied. D. Toomey (written commun. 
1987) stated it is present in the Caballo Mountains. 

Sponge spicules—Sponge spicules (Fig. 36A) are prom-
inent biotic constituents throughout the El Paso Formation. 
They are present in about 75% of the thin sections. The 
sponge spicules came chiefly from siliceous lithistid sponges 
(Figs. 6A, 36B). There are many excellent photographs of 
these sponges and spicules in Toomey and Babcock (1983) 
and Toomey and Nitecki (1979). The sponges are replaced by 
sparry calcite, and so most spicules appear as solid circular, 
ellipsoidal, or acicular spar mosaics. Diameters vary from 
0.01 to 0.04 mm and lengths are typically less than 1 mm. 
Some larger spicules or spines also are present, but they 
probably came from Calathium (Fig. 36B). 

There appears to be no systematic variation in abundance 
regionally, except that possibly sponge spicules are slightly 
less abundant in the westernmost sections (Dos Cabezas and 
central Peloncillo Mountains). Rock sections were cut 
to avoid obvious, large sponge fragments, but some sections 
contain small sponge bioclasts. When point counted, the 
small sponge fragments were included with spicules. Con- 
sequently, although the contents of thin sections are rarely 
greater than 10% sponge spicules, some counts show up to 
40% sponge spicules (Appendix B). Grainstone contains 
few or no spicules probably because the spicules are broken 
into pieces too small to recognize or were possibly 
winnowed out. 



 



 



 

Trilobites—Trilobite fragments are ubiquitous in the El 
Paso Formation and typically average only about 2 to 3% of 
each thin section. A few thin sections contain 10 to 12% 
trilobite fragments and one from the San Lorenzo section 
contains 21% (Fig. 37A). No whole fossils were seen, but, 
locally, thin (5-10 cm) beds in the Jose Member contain 
pygidia concentrations. A sample of one of these beds is 
pictured in Clemons (in press: fig. 22D). Typically the tri-
lobite fragments are unaltered (Fig. 37B), except in grain-
stone, where they are rounded and have micritized rims, 
presumably formed by Girvanella borings. 

Intraclasts 
Intraclasts occur throughout the El Paso Formation and 

are abundant in thin sections from all 38 locales sampled. 
Percentages vary greatly because lime mudstone contains 
virtually no intraclasts, whereas grainstone may contain up  

to 72% intraclasts. In general, the Jose Member contains the 
greatest concentration of intraclasts per unit volume and the 
Padre Member the least. At some locales, the McKelligon 
Member has more intraclastic grainstone (intrasparrudite) 
lenses; at others, the Hitt Canyon Member has more; and in 
some locales, the units contain equal amounts. 

The intraclasts average 0.5 to 1.0 mm long, although many 
are as long as 2 cm and a few reach 12 to 15 cm in length. 
They are predominantly subelongated, but vary from equant 
to discoidal. Almost all have well-rounded corners. Appar-
ently, the intraclasts were moderately rigid when deposited 
because only a few appear to be squashed between adjoining 
grains. Most of the intraclasts are lime mudstone, 
wackestone, and packstone (Fig. 21A). In many thin sec-
tions, the composition of the intraclasts is identical to that of 
the bed beneath the grainstone in which they occur. Many 
"intraclasts" in some thin sections appear to have the 



same shapes and sizes as gastropod chambers (Fig. 38) in 
subjacent beds. This similarity in shape indicates that the 
gastropod chambers were lithified to the extent that they 
survived the destruction of the bioclast without being de-
formed. 

Ooids 
Ooids are common in two horizons within the El Paso 

Formation: the Jose Member is characterized by its oolite 
beds (Fig. 39) and an oolite zone occurs about 35 to 40 m 
above the base of the Hitt Canyon Member near Kingston 
and Lake Valley. Several previous workers, including Aluka 
(1984), Hayes (1975a), and Stauffer (1962), reported oolites 
elsewhere in the El Paso, but they were not observed in this 
study. 

Ooids in the Jose Member occur together with well-
rounded quartz grains and well-rounded fragments of 
echinoderms and trilobites with micritized rims (Fig. 40A, 
B). The ooids are well sorted (Fig. 39), average about 0.5 
mm in diameter, but range from 0.2 to 1.2 mm wide. Most 
ooids are spherical; some are slightly elongate (Fig. 40C). 
They typically show an original concentric structure where 
preserved. More commonly, the ooids have an oomoldic 
dolomitic composition and thin micritized rims (Fig. 40C). 
Some neomorphosed ooids occur with well-rounded, 
micritized echinoderm fragments (Fig. 40D) and partly 
dolomitized intraclasts (Fig. 40E). Some concentric ooids 
appear to be partly changed to oomoldic ooids (Fig. 41A, B). 

Ooids in the Hitt Canyon Member near Kingston and 
Lake Valley possess a radial structure (Fig. 42A) or radial 
and concentric structures (Fig. 42B). Some oolite beds in 
the Jose Member northeast of Cox Mountain contain con-
centric ooids, although at least one bed in the Jose has 
radial ooids. As seen in thin sections from the Jose and the 
Hitt Canyon, many ooid nuclei are echinoderm, trilobite, 
gastropod, and Nuia fragments. Quartz silt or sand grains 
are scarcely seen as nuclei. 

If the concentric and oomoldic structures represent original 
aragonite and the radial structure represents original radial 
fibrous calcite and high-magnesium calcite (Shoji and Folk, 
1964; Sandberg, 1975, 1983), conditions must have been 
present during early Canadian time for both to occur. Some 
radial ooid cortices appear continuous with Nuia nuclei (Fig. 
42A), but other radial cortices are built over other bioclasts. 
The oscillating trend, described by Sandberg (1983)  

for Phanerozoic non-skeletal carbonate mineralogy, may be 
suspect because Sandberg's Ordovician ooid (University of 
Texas, TC 630) is from Oklahoma (probably from the Ar-
buckle Group, which is correlative with the El Paso). Sand-
berg's Early Cambrian oomoldic ooid (University of 
Indiana, A215) is from the Mural Limestone in British 
Columbia. Through the courtesy of P. E. Horowitz, the 
University of Indiana thin section of Mural Limestone, 
illustrated in Horowitz and Potter (1971: pp. 286-287), was 
examined and several Nuia, but no ooids or "oolith ghosts," 
were recognized. 

Pellets and peloids 
Pellets are structureless, rounded micritic allochems 

smaller than 0.15 to 0.20 mm (Folk, 1959a) that probably 
represent fecal material. They are rare, if present at all, in the 
thin sections of this study. Peloids are any small micritic 
allochems, irrespective of size or origin. Most peloids 
counted in the thin sections of the El Paso Formation 
(Appendix B) are probably small (<0.2 mm) intraclasts and 
micritized Nuia (Fig. 43A, B). 

Variations in peloid content occur in each section and 
throughout the region, but little significance is attached to 
these variations. The variations most likely depend on 
whether grainstone or packstone was sampled. Few allo-
chems called peloids were seen in lime mudstone matrix. 
Locally, the lower part of the Hitt Canyon Member 
contains beds filled with small, intensely micritized Nuia. 

 

 



 

Orthochemical constituents 

Micrite 
Micrite is microcrystalline ooze that occurs as fine particles 

less than 5 µ in diameter (Folk, 1959a). Most material 
considered as originally micrite in this study appears in thin 
sections as neomorphosed microspar. Regionally, the 

El Paso Formation contains mostly wackestone and pack-stone 
beds of a predominantly micrite matrix. The tables in 
Appendix B do not indicate true proportions of micrite and 
spar in the El Paso; one thin section may represent 5 m of 
apparently similar packstone, whereas another may represent 
only 0.1 m of grainstone with spar cement. 

The origin of the micrite sediment in the El Paso For- 



 

mation is uncertain. Klement and Toomey (1967) suggested 
the micrite was produced by Girvanella boring and corro-
sion. However, bioclasts in wackestone and packstone have 
less micritized rims and are more angular than those in 
grainstone. Most micritic rock in the El Paso has been ex-
tensively bioturbated. The micrite was probably produced 
by some combination of algal boring and trituration of bio-
clasts during bioturbation, as suggested by Ginsburg 
(1964), Wolf (1965), Bathurst (1966), Klement and Toomey 
(1967), and others. Micrite in the cryptalgal mounds, then, 
represents settling from suspension of triturated material 
onto algal surfaces. 

Spar 
Sparry calcite is the clear component of a limestone that 

forms crystals more than 10 µ in size (Folk, 1959a). This 
type of calcite forms as cement in empty spaces within an 
allochem framework. Sparry calcite occurs in the El Paso 
Formation as grainstone cement (Figs. 32C, 42A), as cavity 
fillings (stromatactis) in the cryptalgal mounds (Fig. 12), 
and as casts of gastropod shells, Pulchrilamina (Fig. 35),  

sponges, and Calathium. Cement types in grainstone in-
clude syntaxial cement on echinoderm fragments and iso-
pachous, crust, and scarce meniscus cements, as well as 
cavity-fill mosaics. 

Dolomite 
Dolomite content in the El Paso Formation ranges from 

very minor at some locales to 100% at others. Crystals range 
from 10 µ or less up to 1 mm in size. The average crystal 
size in dolostone is about 0.1 to 0.25 mm. Euhedral rhombs 
that replaced micritic material range from 0.01 to 0.5 mm 
and average about 0.2 mm. Rock that consists wholly of 
dolomite has anhedral crystals. Where dolomite occurs in 
burrows, intraclasts, stylolite seams, or chert, crystals tend 
to be euhedral. 

The euhedral dolomite crystals occur as three general 
classes: (1) slightly dusty-brown to "dirty-gray" rhombs, (2) 
small, dark reddish-brown rhombs, and (3) zoned rhombs 
(Figs. 40B, 44). Zoning may be shown by (a) dark core and 
light outer zone, (b) light core and dark rim, or (c) a series 
of parallel rhomb-shaped zones of various thicknesses. Folk 



 

(1959b) attributed the dusty-brown appearance of dolomite 
in rocks of the Ellenburger Group to organic material and 
fluid inclusions. Katz (1971) studied zoned dolomite crystals 
of Jurassic age of similar appearance; he considered them to 
be early diagenetic. Calcian dolomite zones were formed by 
dilution of interstitial dolomitizing brines. On occasions this 
dilution was sufficient to cause dedolomitization and 
replacement of calcian dolomite by calcite. Periodically, 
shallow, stagnant reducing conditions led to the formation of 
ferroan dolomite zones. At periods of dilution during storms, 
oxygenated interstitial solutions oxidized the ferroan 
dolomite zones to hematite zones. 

Quartz 
Orthochemical quartz is present as microcrystalline chal-

cedony and chert and rarely as authigenic crystals 
replacing micrite in intraclasts (Fig. 45). Chert nodules and 
lenses are scarce in the El Paso Formation; they seem to be 
more common in the Padre Member in the Florida 
Mountains than elsewhere. Locally, small (1-3 cm) chert 
nodules appear to replace sponge and Calathium 
fragments. Ropy chert networks, resembling large (2-3 cm) 
burrows (Fig. 17B), occur commonly in the upper part of 
the Hitt Canyon Member and in the McKelligon Member 
as repeated zones 10 to 30 cm apart. The crypto- to 
microcrystalline chert contains bioclast ghosts and 
scattered, floating euhedral dolomite rhombs. 

Cephalopod siphuncles are preserved in outcrops because 
of their silicified character. Calathium and Pulchrilamina 
typically are silicified on weathered rock surfaces, but in 
fresh samples neither organism is replaced by silica. Frag-
ments of silicified gastropods, brachiopods, and echinoderms 
were rarely observed in outcrops. In thin sections, 
brachiopod and echinoderm clasts are seen to be partly 
replaced by chalcedony and chert. Two specimens of sili-
cified Archaeoscyphia (K. Rigby, written commun. 1986) 
were collected from the Capitol Dome section. The source of 
the silica that forms the chalcedony and chert is believed to 
be the siliceous sponges. 

Other minerals 
Minor trace occurrences of glauconite were seen in several 

thin sections of basal beds in the Hitt Canyon Member from 
several locales. The bright green glauconite pellets and in-
terstitial (squashed?) fillings average about 0.15 mm in di-  



 

 

ameter. Conspicuous glauconite peloids from the Jose 
Member northeast of Cox Mountain (Fig. 46) range up to 4 
mm across. They appear to have desiccation cracks filled 
with spar and a few resemble grapestones. 

Gypsum occurs in the silty upper part of the Hitt Canyon 
Member in the Victorio Mountains. Mostly present in trace 
amounts, gypsum makes up 2% of one thin section. The 
gypsum occurs mostly as tiny fibers less than 0.1 mm long, 
but in a couple of thin sections more tabular crystals attain 
subequal dimensions of 0.3 mm. No gypsum was observed 
at any other sections in the study area. 
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Dolomitization 

The original El Paso Formation carbonate rocks were 
predominantly, if not completely, limestone. Folk (1959b) 
estimated that the original composition of the laterally 
equivalent Ellenburger Group was 60% micrite—allochem 
rock (packstone) and 30% micritic rock (wackestone and 
lime mudstone). Folk (1959b) also included about 3% 
biolithite (cryptalgal mounds) in his estimate. Sampling 
methods used in this study do not allow accurate estimates 
of rock types as proportions of the total volume of the El 
Paso. However, from the rock types shown in 310 thin 
sections of the El Paso sampled from two sections in the 
Florida Mountains, the original carbonate rocks were 
about 34% grainstone, 33% packstone, and 33% 
wackestone and lime mudstone. Although mounds are not 
abundant in the Florida Mountains, algal-mound rock is 
included as lime mud-stone. 

Dolomitization has altered the primary sediments in var-
ious ways at different locales throughout the study area. 
Pervasive dolomitization has completely replaced El Paso 
Formation beds, including many sponge-Calathium mounds, 
in the Pedregosa Mountains, in the San Andres and Oscura 
Mountains north of Rhodes Canyon, in the Sacramento 
Mountains, and at Bishop Cap (Fig. 47). The El Paso is 
dominantly dolostone at Beach Mountain near Van Horn, 
Texas, in the southern San Andres Mountains, and at Bear 
Mountain and Lone Mountain near Silver City. At other  

locales the El Paso is dominantly limestone, but at some 
locales the El Paso may contain 10 to 100 m of dolostone. A 
few single beds of dolostone (0.1-10 m thick) are locally 
interbedded with limestone in the McKelligon and Padre 
Members in the Florida Mountains. The El Paso on the 
north slope of Cable Canyon is 98% limestone, whereas the 
El Paso within and on the south slope of Cable Canyon is 
predominantly dolostone. Nearly all burrow fillings in the 
El Paso are dolomitized. Dolomite crystals are also common 
in stylolite seams and micritic intraclasts. 

Origins 
No single theory will satisfactorily explain all the varia-

tions in dolomite distribution. Several earlier workers have 
proposed that some of the dolomite in the El Paso Formation 
is probably primary because it formed in supratidal envi-
ronments (Hayes, 1975a; LeMone, 1976b; Lucia, 1968). Har-
ris (1973) proposed a model for dolomitization of Lower 
Ordovician sediments in the eastern United States. His epi-
continental-sea model showed that a shoreward-increasing 
salinity gradient, occurring in shallow restricted seas where 
evaporation is great, is responsible for the refluxing of mag-
nesium-rich brine, which dolomitizes widespread subtidal 
carbonate sediments. The model demonstrated that clastic 
sediments along the shoreline interfinger seaward, in a few 
hundred miles, with dolostone, which, in another few hun- 

 



 

dred miles, grades into a limestone facies that forms a band 
tens of miles wide parallel to the shelf edge. Local influx of 
fresh water from land prevents the dolomitization of near-
shore carbonate sediments. The free-mixing of waters with 
the sea lowers the salinity caused by evaporation and pre-
vents the dolomitization of offshore carbonate sediments. 

Ross (1976) utilized Harris's (1973) model to explain that 
Lower Ordovician sedimentation in the West was in shallow 
restricted seas in the horse latitudes (Fig. 48). Ross proposed 
that the Transcontinental Arch presented a barrier in Early 
Ordovician time between west Texas—southern New Mexico 
(about 15° S. latitude) and the well-circulated equatorial 
waters to the north-northwest. He proposed that this barrier 
accounted for the predominant dolostone lithology of the 
Ellenburger Group. He explained the normal-marine 
limestone lithology of the correlative Arbuckle Group in 
terms of the southern Oklahoma aulacogen providing cir-
culation through the Transcontinental Arch (Ross, 1976: fig. 
5). He did not attempt to explain the predominant occurrence 
of limestone in the El Paso Formation at the type section in 
the Franklin Mountains and in southern New Mexico. Lee 
and Friedman (1987) attributed the Ellenburger 
dolomitization to deep burial fluids. 

Observations during this study show that much of the 
dolostone in the Caballo, Florida, Animas, and Peloncillo 

Mountains, the Klondike Hills, and the Kingston, Winston, 
and Silver City areas is of hydrothermal origin. El Paso 
Formation sections examined in these areas contain much 
silicification along fractures and, locally, completely 
silicified breccia. There are known mineral deposits 
closely associated with the dolostone, and commonly a 
dolostone bed or group of beds can be traced laterally into 
limestone. Excellent examples of the type change in 
lithology are present northwest of Capitol Dome, over the 
low ridge northeast of Victorio Canyon in the southeastern 
Florida Mountains, and at Cable Canyon in the southern 
Caballo Mountains. 

Primary dolostone possibly may form beds in parts of the 
Jose and Padre Members in the Franklin Mountains and in 
the lower part of the Padre at Bishop Cap and in the southern 
San Andres and Sacramento Mountains. Hayes (1975a) 
described dolostone near Morenci, Arizona, and northwest to 
Nantac Rim (probably upper Hitt Canyon or Jose Member 
equivalents) that has features characteristic of primary 
dolostone. The Jose and Padre beds at the above locales in 
southern New Mexico and west Texas contain small- to 
medium-scale planar crossbeds (Fig. 22A, B) in silty to 
sandy dolostone. Also present are thinly laminated (algal-
mat?) dolostone (Fig. 15) and interbedded intraclastic 
grainstone (intrasparrudite; intraformational chip or edge- 
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wise conglomerate). Some of the thinly laminated dolostone 
displays bird's-eye structure (fenestrae). Hayes (1975a) also 
reported mudcracks, tracks, and trails at Nantac Rim in east-
central Arizona. These strata in the Jose and Padre are not 
generally burrowed and contain little evidence of fossil ghosts. 

Late diagenetic processes probably account for much of 
the El Paso Formation dolostone. Where overlain by the 
Montoya or Martin Formations, the uppermost beds of the 
El Paso (regardless of which member) are dolomitized, ex-
cept in the Florida, Peloncillo, and Dos Cabezas Mountains. 
Dolomitization of these uppermost beds indicates that the 
post-diagenetic processes were probably associated with the 
return of the seas that deposited the Montoya and Martin 
sediments. Land (1973) documented dolomitization after 
lithification. He inferred that the dolomitizing solution was 
mainly subsurface meteoric water mixed with about 10 to 
25% marine water. 

The lowermost beds in the El Paso Formation are also 
dolostone in most sections studied (Fig. 47). These bioclas-
tic, sandy beds are gradationally underlain by Bliss Sand-
stone, thus representing an Early Ordovician transgressing 
sea. Dolomitization may have occurred by seawater—fresh-
water mixing (Badiozamani, 1973) along the shoreline soon 
after deposition. Dolostone interbeds in predominantly 
limestone sections may record temporary, local conditions of 
the water-mixing process. Garven (1985) and Garven and 
Freeze (1984) indicated that it is possible for deep, basinal 
brines to migrate updip for long distances toward basement 
highs. Their model may explain the predominantly dolostone 
sections at Bishop Cap and in the Sacramento and San 
Andres Mountains, as well as the dolomitized Hitt Can  

yon Member in the Franklin, Victorio, and Florida Moun-
tains. All these areas were near or adjacent to basement 
highs during Early to Middle Ordovician time. The dolo-
stone beds are generally pale yellowish brown to grayish 
orange, reflecting oxidized iron-bearing dolomite. 

Dolomite crystals in burrow fillings are probably early to 
late diagenetic. They may have formed preferentially in the 
burrows, where there were high porosity and permeability. 
Morrow (1978) reported that micron-sized dolomite crystals 
may have formed in burrows during deposition. They may 
have acted as nuclei for selective precipitation of dolomite in 
late-diagenetic dilute solutions. Morrow (1978) also sug-
gested that magnesium may have been retained preferentially 
by noncalcareous organic material in the burrows. Release of 
this magnesium during late diagenesis may have aided 
dolomitization of the burrow fillings. Kendall (1977) 
believed that Ordovician sediments may have been rich in 
magnesian calcite. Magnesium released during stabilization 
of calcite caused dolomitization of the more porous, perme-
able burrow fillings. Dedolomite(?) rhombs in many El Paso 
Formation burrow fillings indicate the presence of porous, 
permeable fillings into the late diagenetic stage. Zoned do-
lomite crystals in micritic intraclasts are believed to have 
formed after deposition of the grainstone sediment and be-
fore complete cementation. 

Hardie (1987) pointed out deficiencies in present-day do-
lomitization models and recommended caution in attempting 
to explain the origin of massive dolostone sections. Data from 
detailed geochemical and cathode-luminoscope studies of El 
Paso Formation dolomites are needed before a more 
conclusive interpretation of their origins can be made. 
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Depositional environments 

The El Paso Formation is a Lower Ordovician (Canadian) 
sequence of beds, laterally continuous with the Ellenburger 
Group, that was deposited on a wide epicontinental platform. 
Epeiric seas extended from southeastern Arizona, across 
southern New Mexico and west Texas, at least to central Texas 
(Cloud and Barnes, 1948). The platform probably was a 
homoclinal ramp (Read, 1985) that sloped gently (about 1 
m/km) southward from the Transcontinental Arch that 
extended northeastward from central New Mexico (Ross, 
1976). Apparently there was a local deepening (embayment or 
trough) near Marathon, Texas (Young, 1970). Otherwise, 
depositional lithofacies appear similar from Willcox, Arizona, 
to central Texas. 

Two reported differences in lithology between the Ellen-
burger Group (Cloud and Barnes, 1948; Barnes et al., 1959) 
and the El Paso Formation (Clemons, 1987; this report) are 
the fauna and pellet-rich rock in the Ellenburger. The El-
lenburger apparently had a more restricted fauna and softer 
sea floor than the El Paso. Caution is needed, however, in 
using pellet-rich sediment as a criterion for a soft-sea floor 
environment because Nuia was not recognized in the El-
lenburger or the El Paso until 1965-66 (Toomey, 1965; 
Toomey and Klement, 1966). Previously, and to less extent 
until 1977 (Umphress, 1977), small (0.02-0.3 mm) Nuia was 
locally interpreted as ooids, peloids, or pellets (Fig. 43). 

The southern extent of the Lower Ordovician platform is 
unknown. Thick upper Paleozoic and Mesozoic sections 
overlying the Ordovician rocks in northern Chihuahua make 
studies of the Ordovician difficult. Relations among Upper 
Cambrian—Lower Ordovician platform carbonate rocks re-
ported 320 km south of El Paso (Bridges, 1964), 300 km south 
of Willcox (Stewart et al., 1984), and in northwestern Sonora 
(Lopez-Ramos, 1969) also are unknown. 

There were several islands or southerly projecting pen-
insulas on the El Paso—Ellenburger ramp. Kottlowski et al. 
(1969, 1973) described land areas in the southern Franklin 
Mountains and Florida Mountains. They reported that 
Thunderbird rhyolite, a Precambrian landmass in the 
Franklin Mountains that was surrounded by Ordovician 
seas, was not covered until at least 230 m of El Paso 
Formation had been deposited. Apparently only a few 
meters of El Paso sediments, above approximately 50 m of 
Bliss Sandstone, were required to cover the Florida land 
area. A few potassium-feldspar grains are scattered 
throughout the lower 40 m of the Hitt Canyon Member of 
the El Paso Formation. Although potassium-rich volcanic 
rock fragments are common in El Paso sands in the 
Franklin Mountains, Stageman (1987) noted that El Paso 
sands at Beach Mountain do not contain any volcanic rock 
fragments. King (1965) described three sandy zones at 
Beach Mountain that contain well-rounded quartz and 
feldspar grains. The lowest sandy zone is in his "Division 
A" (lower part of the Hitt Canyon Member), the next higher 
sandy zone is at the top of "Division A" (Jose Member), 
and the highest sandy zone is near the top of "Division B" 
(probably equivalent to lower part of the Padre Member). 
The sand at Beach Mountain probably came from the north 
or northeast because the El Paso Formation in the Hueco 
Mountains is much less sandy than the sections in the 
Franklin Mountains and at Beach Mountain. Much of the 
sand in the Ellenburger Group in central Texas is eolian; its 
source probably lay to the east or southeast (Cloud and 
Barnes, 1948). The presence of peninsulas, islands, and 
shoaling areas complicated the facies distributions. 

The El Paso Formation ramp subsided slowly and inter-
mittently for about 15 to 25 m.y. as a minimum of 420 m of 
shallow-subtidal to supratidal carbonate sediments were 
deposited. Stylolitization and erosion(?) during several ma  

jor regressions removed an unknown thickness of El Paso 
beds. The average rate of deposition of preserved rock was 
about 20-30 mm/1,000 yrs. Langenheim et al. (1962) reported 
a sedimentation rate of 24.3 mm/1,000 years for the Lower 
Ordovician in Nevada. Cloud and Barnes (1948), Lucia (1968, 
1971), Hayes (1975a), Toomey and Nitecki (1979), LeMone 
(1976a, b), Loucks and Anderson (1985), and Kerans and 
Lucia (1989) have described transgressions, regressions, and 
the cyclic nature of the Early Ordovician seas during 
deposition of the El Paso. 

Taking into consideration the detailed petrography of the 
members of the El Paso Formation and their mutual rela-
tions regionally, as well as the information acquired from 
the sedimentary structures, it is possible to infer their dep-
ositional environments more precisely than previously re-
ported. Table 2 contains criteria (environmental indicators) 
useful in interpreting depositional environments (Shinn, 
1983). The distribution and relative abundance of these en-
vironmental indicators throughout the El Paso are shown in 
Table 3. The following discussion pertains primarily to 
regional variations of the environmental indicators in each 
member. 

The lower part of the Hitt Canyon Member does not vary 
much throughout the study area. One notable exception is 
the limited occurrence of ooids in the Kingston and Lake 
Valley areas; their presence probably indicates local 
shoaling episodes, possibly close to another island. 
Oncolites are ubiquitous in the Hitt Canyon, but are sparse 
in a few of the sections studied. They appear most abundant 
where other features indicate periods of nondeposition and 
possible development of hardgrounds (Brett and Brookfield, 
1984), notably at Capitol Dome. The only occurrence of 
evaporite minerals is in the upper part of the Hitt Canyon in 
the Victorio Mountains; notably this section was one of only 
a few that contained no stromatolite mounds. Mud-cracks, 
fenestrae, cryptalgal laminites, and microcrystalline 
dolomite were not observed in the Hitt Canyon in the study 
area, but were reported by Hayes (1975a) in the upper part 
of the Hitt Canyon in eastern Arizona. 

Small sponge-Calathium mounds occur only in a few sec-
tions of the Hitt Canyon or Jose Members, e.g. Ram Gorge. 
Stacked-hemispheroidal-stromatolite mounds are present in 
the upper part of the Hitt Canyon, the Jose, or the lower part 
of the McKelligon at most locales and are most abundant in 
the Cable Canyon, Red Hills, northwest Cooke's Range, and 
Klondike Hills sections. Small- to medium-scale crossbeds 
are present in the Jose only in the Franklin, Sacramento, and 
San Andres Mountains, probably adjacent to the peninsula 
or north-elongated island located between or east of these 
ranges. To the west, the Jose is relatively sand free. 
Cryptalgal laminites and microcrystalline dolomite in the 
Jose are also confined to the Franklin and San Andres 
Mountains. 

The lower part of the McKelligon Member is typically 
distinguished by sponge-Calathium mounds, but they are 
sparse to absent locally (Fig. 7). They are notably sparse or 
missing at Beach Mountain, the Hueco, Peloncillo, and Flor-
ida Mountains, Snake Hills, Cooke's Range, and north of 
Ash Canyon in the San Andres Mountains. This variable 
distribution is difficult to explain unless rather specific 
water depth and bottom conditions are required for mound 
development. Whatever these conditions were, they were re-
peated many times in the southern Franklin Mountains and 
Caballo Mountains and apparently less frequently at the 
other locales studied. Dark/light color banding on 3-5-m 
scale in sections of the McKelligon at Ash and Hembrillo 
Canyons probably reflect some of the cyclicity represented 
in mound development to the south. The dark zones rep- 



 

resent deeper water and grade upward into light-colored rock 
formed in shallow, well-oxygenated water. 

The Padre Member has been eroded from most areas, and 
so interpretations are based on sections observed in the 
southern locales from the Florida Mountains east to Beach 
Mountain. The Padre differs very little at all these locales, 
except in the Florida Mountains where sections do not contain 
supratidal indicators. 

The El Paso Formation rocks in the Sacramento Moun-
tains are somewhat anomalous. Pray (1961) measured and 
described 132 m of the El Paso at Agua Chiquita Canyon. 
This section is approximately one-third as thick as the sec-
tions measured in the southern Franklin Mountains and 
Hueco Mountains, but all four members of the El Paso ap-
pear to be present (Table 1). Sections of El Paso at Arrow, 
Mule, Dog, and Agua Chiquita Canyons in the Sacramento 
Mountains are all dolostone, and so no detailed petrography 
is possible. The thickest section of 132 m was measured and 
described by Pray (1961). Individual members in the El Paso 
in the Sacramento Mountains are tentatively identified by 
using the features listed in Tables 2 and 3 and correlating 
with sections to the west and southeast. Apparently this part 
of the platform subsided more slowly, or was covered 
intermittently by epeiric seas for shorter periods of time, 
than portions to the east and west. 

Most, if not all, previous reports, including Clemons (1985, 
in press) referred to the El Paso Formation as a diachronous 
unit deposited by an eastward- or northeastward-advancing 
sea. In this report, evidence now supports an east-westtrending 
shoreline across southern New Mexico possibly to central 
Texas. Isopachs show northward depositional thinning of the 
Hitt Canyon, Jose, and probably the McKelligon Members 
(Figs. 3B, 3C). The Jose is a relatively thin shoal deposit that 
can be recognized from Willcox, Arizona, to central Texas. 
Although further work using conodonts is needed to determine 
its age, the Jose is probably not diachronous. Its age probably 
does not vary across southern 

 

New Mexico. A very distinctive, mottled, medium- to dark-
gray oolite bed occurs in the Jose at Hembrillo Canyon, Cable 
Canyon, Red Hills, and Lake Valley sections along an east-
west trend. If the seashore had advanced eastward, such key 
beds would be aligned north-south. Interestingly, the oolitic—
hematitic facies in the underlying Bliss Formation has an east-
west trend across New Mexico (Kelley, 1951; Kottlowski, 
1963). Stageman (1987) also documented an east-west strand 
line during Bliss deposition. The eastward increase in sand 
content in the El Paso is localized by islands or peninsulas on 
the platform (described above). 

After considerations of all the regional differences and 
environmental indicators present in the various members, the 
following sequence of transgressions, regressions, and 
depositional environments is proposed. This sequence differs 
little from Lucia (1968, 1971) and Hayes (1975a), but is 
refined and supported by evidence in the preceding sections of 
this report. 

A gradual northward transgression of the sea continued 
in Early Ordovician time as most of the Hitt Canyon Mem-
ber was deposited in shallow-subtidal waters. Locally, in-
tertidal to supratidal conditions may have existed around 
the islands. Deposition was interrupted many times by 
scouring of storm-generated wave action. Deposition prob-
ably was faster than subsidence, at times forming many 
hardgrounds and small-scale disconformities. Southward 
regression started in late Hitt Canyon time as shallow-sub-
tidal to intertidal, stacked hemispheroids formed. Supra-
tidal conditions existed in east-central Arizona. 



 

Nondeposition and maybe some erosion adjacent to some of 
the islands accounts for the missing faunal zones in the 
Franklin Mountains. 

In Jose time, a northward transgression gradually began. 
Throughout most of the region, the dark Jose Member was 
deposited in shallow-subtidal, shoaling water. Near some of 
the islands, intertidal environments transgressed into 
supratidal flats. Transgression continued as the McKelligon 
Member was deposited in shallow-subtidal environments. 
Regionally, sediments were deposited above the storm-
wave base, and hundreds or thousands of times scour-and-
fill features were formed. Sponge-Calathium mounds grew 
near shores, but were periodically cut by intertidal currents 
throughout McKelligon time. 

Another, probably minor, regression occurred after the 
McKelligon Member was deposited. Regression and return 
of the sea accompanied supratidal deposits in the lower 
part of the Padre Member adjacent to a few still-existing 
islands. The presence of fine sand and silt in the shallow-
subtidal Padre in the Florida Mountains indicates that 
regression did not proceed far. Upper beds of the Padre 
(Fig. 49) represent a more restricted shallow-subtidal—in-
tertidal(?) environment. Nuia is rare and ostracods occur 
only in the Padre. Stricker and Carozzi (1973) reported 
similar occurrences of Nuia and ostracods in the Lower 
Ordovician Pogonip Group in Nevada. They stated that 
Nuia formed a dense population seaward of offshore bars 
and was dispersed landward and seaward by wave action. 
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Conclusions 

(1) The El Paso Formation was deposited on a gradually 
and intermittently subsiding platform (homoclinal ramp) 
during the Early Ordovician. 

(2) The El Paso is predominantly a subtidal deposit, but 
locally and temporally intertidal, and rarely supratidal, con-
ditions prevailed. 

(3) From the south, three major transgressions and two 
regressions of the sea took place during deposition of the El 
Paso. Open-marine conditions followed the first two 
transgressions, but a more restricted shelf lagoon environment 
followed the third transgression. 

(4) Small-scale depositional cycles are interspersed with  

the transgressive—regressive deposits. The cycles may be 
attributed to variations in subsidence rates relative to dep-
ositional rates or to eustatic sea-level changes. 

(5) Primary dolomite in the El Paso is rare. Dolomitization 
of primary calcium carbonate sediments occurred by several 
methods that include hydrothermal alteration, probable mixing 
of meteoric and sea water during diagenesis, and refluxion 
after lithification. 

(6) Areal distribution of sponge-Calathium mounds and 
stacked hemispheroidal stromatolites appears random, but was 
probably controlled by water depths relative to islands and 
peninsulas(?) rather than by a regional strand line. 
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Appendix A 

Other El Paso Formation sections 

Some outcrops of the El Paso Formation were examined in 
the field and compared with descriptions in the literature, but 
were not sampled. Locations, references, and approximate 
thicknesses of these sections are listed in Table Al. Reasons 
for not selecting these sections for sampling and more 
detailed study included: (1) dolomitization (sections 1, 3, 4, 5, 
6, 7, 9, 12, 13, and 14); (2) silicification and brecciation 
(sections 5, 6, 7, 8, 9, and 13); and (3) similarity with nearby 
sections that were sampled (sections 2, 4, 8, 10, 11, and 15). 
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Appendix B 

Quantitative analyses of thin sections 

Quantitative analyses of El Paso Formation thin sections 
from 29 locales are listed in the following tables. Rocks in 
the other nine of the 38 sections sampled (sections 2, 3, 19, 
20, 26, 29, 31, 36, and 37 in Figs. 1 and 47 and Table 1) 
were too neomorphosed or dolomitized to permit reliable 
identification of allochems. 

Tables B1-B29 show the percentages of the constituents 
comprising more than 99% of the rocks. The grain-solid 
volumes are based on 300-point grids on each thin section 
(Flügel, 1982). A trace (tr) indicates that a constituent is 
present in a thin section, but represented no more than one 
point in the count. 
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