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ABSTRACT

The Martin, Swisshelm, and Portal Formations of southern and 

eastern Cochise County, Arizona, are of equivalent age. Detailed 

lithologic descriptions, the identification of several conodont faunas, 

and the macrofossil and conodont studies of previous workers were all 

utilized in this determination.

The strata in the study area are entirely of Upper Devonian 

age, and a prominent unconformity is present between the Senecan (lower 

Upper Devonian) and Chautauquan (upper Upper Devonian) intervals. 

Lithologic similarity and a questionable biostratigraphic discontinuity 

led to the conclusion that sedimentation in the study area was con

tinuous between Devonian and Mississippian times.

Both marine transgressions into the area came from the south 

and east. In Senecan time, the area of the Swisshelm Formation acted 

as a barrier that served to separate the western Martin Formation 

carbonate rocks to the west from the fine calcareous clastic rocks of 

the Portal Formation to the east. With the Chautauquan transgression, 

sedimentation throughout the area became much more uniform. Calcareous 

or dolomitic fine clastic rocks overlain by progressively thicker 

bedded pure carbonate rock is the invariable Chautauquan sequence and 

indicate the gradual loss of the Swisshelm barrier by this time.

viii



INTRODUCTION

Background and Objectives

Devonian strata in southeastern Arizona undergo several dra

matic changes in thickness and facies from the Mule Mountains eastward 

to the Chiricahua Mountains. In Cochise County, the Devonian System is 

represented by Upper Devonian rocks of the Martin (Ransome 1904), 

Swisshelm (Epis, Gilbert, and Langenheim 1957), and Portal (Sabins 

1957a) Formations. These rocks more than double in thickness in the 

space of 40 kilometers, and are as varied lithologically as any in the 

Paleozoic sequence (Bryant 1968, p. 35).

This study was undertaken to determine the lithologic similar

ities, if any, between the three formations under investigation. It 

was hoped that this study, combined with time-stratigraphic data pro

vided by conodonts and previous macrofossil studies, would allow the 

precise correlation of these formations.

Problems

One of the basic problems encountered when working with the 

Devonian of southeastern Arizona is, to a large extent, related to the 

nature of the rocks themselves. In every part of the area of study, 

nonresistant Devonian rocks form a slope under the prominent, gray, 

cliff-forming Escabrosa Limestone. Talus shed from this limestone, 

plus the Devonian stratas1 own weakness to erosion, serves to keep the 

Devonian buried under a thick layer of loose material, which, except in
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isolated washes, obscures it entirely. Because of this, exposures are 

generally restricted to narrow washes, commonly causing lateral control 

to be very poor.

Cochise County lies within the Basin and Range physiographic 

province as defined by Fenneman (1931) and contains many of its typical 

northwest-trending mountain ranges. These are block-faulted mountains 

that are usually surrounded by thick pediments (King 1977, p. 158), 

creating long distances between measurable sections. This lack of 

intermediate sections seriously decreases control in an area where 

major facies changes take place across very short distances.

Where lithologic and macrofossil evidence were not diagnostic 

and could not be relied upon as correlation tools, samples were 

processed for conodonts in order to gain the necessary time control.

Of the 25 samples processed, only 5 yielded identifiable faunas for 

which ages could be determined. While this presented problems with 

some of the upper contacts and the age of the black shale in the Portal 

Formation, these data, combined with preexisting conodont and macro

fossil data, kept time control problems to a minimum.

Area of Investigation

The area of investigation is restricted to southern and eastern 

Cochise County, and includes the type sections and many of the best 

exposures of the three formations under study. Seven stratigraphic 

sections were measured, described, and sampled. Precise locations of 

these sections are given in Table 1 and Fig. 1.
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Table 1. Name and Precise Location of Measured Sections

Name

Spring Creek 

Black Gap 

Leslie Pass 

Boss Ranch 

Portal Village 

Blue Mountain 

Apache Pass

Location

SE% SW% sec. 9, T.23 S., R.23 E., Hereford Quadrangle

SW% NEi( sec. 26, T.23 S., R.24 E., Bisbee Quadrangle

SE% NE% sec. 29, T.21 S., R.28 E., Swisshelm Mountain Quadrangle

NE% NE% sec. 31, T.21 S., R.30 E., Pedregosa Mountains Quadrangle

NW%( SE% sec. 15, T.17 S., R.31 E., Portal Quadrangle

NV% SW% sec. 20, T.16 S., R.31 E., Vanar Quadrangle

SW% NW5f sec. 1, T.15 S., R.28 E., Cochise Head Quadrangle
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Fig. 1. Map of Cochise County Showing Location of Study Area, Measured Sections, and Line of Cross- 

Section of Fig. 8 (in pocket)
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Previous Work and Nomenclature

The following three tables (2, 3, 4) record the evolution of 

nomenclature and the previous work done on the Martin, Swisshelm, and 

Portal Formations in the area of study. In addition to the authors 

listed, contributions towards the understanding of the Devonian strati

graphic problems in southeastern Arizona have been made by Ransome 

(1916), Reid (1928), Raydon (1953), Gilluly (1956), Sabins (1957b), 

LeMone (1958), Pye (1959), Wright (1964), Collinson and others (1967), 

Pine (1968), and Schumacher and others (1976). Authors who have con

tributed towards the refinement of the conodont biostratigraphy of a 

particular area are listed under the formation in which their study was 

conducted.

Field Methods

Stratigraphic sections were measured with a Jacob staff and 

Brunton compass and were marked with spray paint every five feet (1.5m) 

for sampling purposes. Samples exhibiting both fresh and weathered 

surfaces were collected and described at every change in lithology. 

Larger samples suitable for conodont processing (1200-1400g) were col

lected at carbonate horizons in which time control was poor.

Laboratory Techniques

All samples were examined with a binocular microscope to record 

any details which may have been missed with a hand lens or in thin 

section. The color of fresh and weathered surfaces was recorded for 

each sample with a Geological Society of America rock color chart
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Table 2. Previous Work and Nomenclature (Martin Formation)

Reference Contribution

Blake (1901) First reported fossils of Devonian age from 
the Santa Rita Mountains of southern Arizona.

Williams (1903) Compiled list of Devonian fossils from strata 
near Globe, Arizona. Assigned a Middle 
Devonian age.

Ransome (1904) Recognized Devonian strata in the Mule Moun
tains and assigned name Martin Limestone. 
Measured and described type section.

Kindle (1916) Examined fossils of Williams (1903) and 
assigned Upper Devonian age to the Martin 
Limestone.

Stoyanow (1936) Subdivided Devonian strata north of Tucson 
into Picacho de Calera Formation, Martin 
Limestone, and Lower Ouray Formation.

Cooper (1942) Linked Chemung fauna of Martin Limestone to 
the Hackberry fauna of Iowa and Ithaca fauna 
of New York.

Huddle and Dobrovolny 
(1952)

Recognized variability of Devonian strata in 
east central Arizona and proposed the Martin 
be given formational status.

Ethington (1965) Described sparse conodont fauna from Devonian 
strata at Black Gap near Bisbee.

Hayes and Landis (1965) Measured and described Devonian strata in the 
Mule Mountains. Revised lower contact to 
include 22 meters of strata previously 
included in the Abrigo Limestone at Mount 
Martin type section.

Teichert (1965) Reported a late Senecan conodont fauna from 
Martin Formation near Verde River in central 
Arizona. Subdivided Martin in the area into 
a lower Beckers Butte and an upper Jerome 
Member.

Witter (1976) Worked out precise local conodont biostrati
graphy of Devonian strata north of study area 
near Globe and Mammoth.
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Table 3. Previous Work and Nomenclature (Swisshelm Formation)

Reference Contribution

Epis (1956) Measured and described Devonian strata in 
Pedregosa and eastern Swisshelm Mountains. 
Proposed the name Pedregosa Formation.

Epis and others (1957) Measured and described Devonian strata in 
Swisshelm and Pedregosa Mountains. Proposed 
the name Swisshelm Formation due to pre
dominance of variably textured elastics. 
Measured and described type section at Leslie 
Pass.

Table 4. Previous Work and Nomenclature (Portal Formation)

Reference Contribution

Sabins (1957a) Measured and described Devonian strata in the 
Dos Cabezas and Chiricahua Mountains. Pro
posed the name Portal Formation due to the 
predominance of fine elastics and the dis
similarity of the macrofauna to surrounding 
formations.

Ethington (1965) Described sparse conodont fauna from Devonian 
strata of several localities, including Blue 
Mountain in the Chiricahua Mountains.



8

(Goddard and others 1948). Also recorded for each sample, with the aid 

of 30 standard thin sections, were the precise lithology, texture, 

crystal size, and presence of any fossils initially overlooked. Folk's 

(1974) classification was used to describe lithologies.

Where mineral grains were coarse enough to be seen individually 

in thin section, point counts were made. On the basis of work done by 

Van Der Plas and Tobi (1965) it was decided that a minimum of 300 

points counted per slide would be sufficient. These points were 

counted using the "line method" as described by Galehouse (1969).

Samples that were processed for conodonts were first broken up 

to increase surface area and then immersed in 10-15 percent glacial 

acetic acid for a period of three to five days. Although samples were 

never totally dissolved, the acid was rendered inert by this time. 

Critical and very productive samples were processed two to three times.

Insoluble residues were washed, sieved, and then dried. The 

heavy fraction of this residue, which contained the conodonts if they 

were present, was separated using heavy liquid (tetrabromoethane) as 

described by Collinson (1963). The heavy fraction of this residue was 

then examined for conodonts using a binocular microscope.

The black shale member of the Portal Formation proved to be 

unaffected by acetic acid and so was placed in a bath of 15 percent 

hydrogen peroxide for four hours. Although its organic matter reacted 

vigorously with the solution, no conodonts were found in the residue.



STRATIGRAPHY OF THE MARTIN FORMATION

General Statement

The Martin Formation is exposed in the western portion of the 

study area in the Mule Mountains. It is composed predominantly of 

dolomite and lesser amounts of limestone, although terrigenous material 

is present as well. In this area the Martin Formation ranges in thick

ness from 88 to 140 meters (Hayes and Landis 1964 and 1965) and forms 

a weakly resistant zone between the underlying Cambrian and the over- 

lying Mississippian rocks.

Nature of Lower Contact

The Upper Devonian Martin Formation disconformably overlies the 

Upper Cambrian Abrigo Limestone. Although the time gap represented is 

on the order of 140 million years, in most places where exposed there 

is very little or no structural discordance between the beds above and 

below the unconformity (Pine 1968, p. 20).

The Abrigo Limestone commonly has a quartzite or sandstone as 

its top member. Because faunal evidence is lacking this member, where 

present, serves as a good reference horizon useful in locating the 

Cambrian-Devonian contact (Gilluly 1956, p. 25). In places where the 

Cambrian rocks consist of carbonates or fine terrigenous material, the 

contact is commonly obscure and difficult to locate precisely. This 

situation exists at Black Gap, where the lower contact was placed on

9



the basis of an increase in clastic material and a change in topo

graphic expression.

10

Descriptive Stratigraphy

The Martin Formation was divided into two members by Teichert 

(1965): the Beckers Butte Member and the Jerome Member. The Beckers

Butte Member does not occur at all localities where Devonian strata are 

exposed (Pine 1968, p. 22), and is not present in the Mule Mountains of 

the study area. It is for this reason that the three informal members 

of Hayes and Landis (1965) were adopted.

For purely descriptive purposes, the Martin Formation is seen 

as consisting of three parts: a sandy and dolomitic lower part, a

fossiliferous coralline middle part, and an unfossiliferous and dolo

mitic upper part (Hayes and Landis 1965, p. 15). These three informal 

members are easily separated on the basis of the middle coralline reef 

member and for convenience will be referred to in this study as members 

one, two, and three respectively.

Two stratigraphic sections of the Martin Formation were mea

sured, including a section at Spring Creek, southwest of Bisbee, and a 

section at Black Gap, southeast of Bisbee. The Spring Creek section is 

poorly exposed, and produced an incomplete section in which all strata 

up to, and perhaps partially including, member two were covered. The 

section at Black Gap was complete and measured 87.2 meters in thick
ness.

The type section of the Martin Formation at Mount Martin was 

not measured because of extremely poor exposures• When measured by
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Ransome in 1904, the smelter operations taking place at Bisbee at the 

time had effectively defoliated the area, creating far better exposures 

than those observed today (Schumacher 1977, personal communication).

Member one at Black Gap is 24.4 meters thick and consists 

dominantly of grayish red (5R 4/2) to brownish gray (SYR 4/1) dolomitic 

sandstone, shale and silty dolomite. These strata are thinly to medium 

bedded (Ingram 1954), weakly resistant, and contain isolated tetra- 

corals and brachiopods.

Member two, the coralline reef member of the Martin Formation, 

is exposed, at least in part, at both Spring Creek and Black Gap. It 

consists of medium gray (NS) to grayish red purple (5RP 4/2), thickly 

bedded, highly resistant, carbonate beds in various stages of dolo- 

mitization. Fossils are predominantly silicified, although calcareous 

fossils do exist as white blotches at some horizons. Fossils present 

include very abundant tabulate corals of the genus Coenites (or 

Cladopora) and the brachiopod Atrypa. Present in smaller numbers are 

spirifer brachiopods, solitary and colonial rugose corals, and assorted 

crinoid debris (see Figs. 2 and 3).

The contact between members two and three is slightly irregular 

and contains a hematitic lag deposit. This surface, as confirmed 

through fossil data, represents the Senecan-Chautauquan unconformity 

that is so important, and will be discussed later in greater detail.

Member three is, in general, much thinner bedded and of much 

lower resistance than member two. Rocks consist of pale pink (5RP 8/2)



Fig. 2. Coralline Reef of Martin Formation at Black 
Gap, 38.1 Meters from Base of Section

Fig. 3 Coralline Reef of Martin Formation at 
Black Gap, 44.2 Meters from Base of Section
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to light brownish gray (SYR 6/1) silty, shaley dolomite with subordi

nate crinoidal limestone and dolomite.

Nature of Upper Contact

The Escabrosa Limestone, directly above the stratigraphic 

sections measured at Spring Creek and Black Gap, is a thickly bedded, 

highly resistant, crinoidal biosparite. The contact is placed where 

the thinner bedded, generally less resistant dolomite of the Martin 

Formation give way to these distinctly Mississippian beds.

The contact between the Martin Formation and the overlying 

Escabrosa Limestone is not easily recognized. In the few areas where 

it is well exposed, no significant relief is visible and no physical 

evidence exists for an unconformity. Strata below and above the 

inferred contact have yielded neither uppermost Devonian nor lowermost 

Mississippian fossils (Hayes and Landis 1965; Schumacher 1977 personal 

communication). These intervening beds, which contain no diagnostic 

fossils, are interpreted as probably representing the time gap indi

cated by the apparent biostratigraphic discontinuity. The term para- 

conformity (Dunbar and Rodgers 1957, p. 119; Krumbein and Sloss 1957, 

p. 305) is used to describe this contact, as the precise evaluation of 

any hiatus is impossible.

A paraconformity is an obscure or uncertain unconformity having 

no erosional surface, with parallel beds above and below a simple 

bedding plane contact. These were formerly classified by Pirsson 

(1915, pp. 291-293) as a type of disconformity, but today are recog

nized as distinguishable only as biostratigraphic discontinuities
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within a sequence of parallel strata (Newell 1967). Further discussion 

of the upper contact is given on page 34.



STRATIGRAPHY OF THE SWISSHELM FORMATION

General Statement

The Swlsshelm Formation is exposed in the central portion of 

the study area in the Swlsshelm and Pedregosa Mountains. It is remark

ably similar to the Martin Formation in its upper half, but quite dif

ferent in the lower half where sandstone, siltstone and shale pre

dominate. The Swlsshelm Formation forms a weakly resistant zone 

between the more competent Ordovician strata below and the cliff

forming Mississippian strata above. Thicknesses measured range from 

125.4 to 186.5 meters.

Nature of Lower Contact

The Upper Devonian Swlsshelm Formation rests disconformably on 

the Lower Ordovician El Paso Limestone. Although the time gap repre

sented is considerable, the contact is regular, and the bedding of the 

two formations is parallel. The wide age difference between the El 

Paso and the Swlsshelm was confirmed by Epis and Gilbert (1957) who 

were able to collect Upper Devonian brachiopods from basal Swlsshelm 

beds and Lower Ordovician cephalopods from adjacent uppermost El Paso 

beds.

Lithologically, basal Swlsshelm beds consist dominantly of 

thinly bedded, nonresistant dolomitic sandstone and siltsone. These 

beds contrast markedly with the medium to thickly bedded, more resis

tant dolomitic limestone of the El Paso Limestone. At both the Leslie

15



Pass and Boss Ranch stratigraphic sections, the basal contact was 

placed where the pure carbonate rocks of the El Paso are overlain by 

the thinner bedded, sandy, silty, carbonate rocks of the Swisshelm.

Descriptive Stratigraphy

The two stratigraphic sections of the Swisshelm Formation that 

were measured are located at Leslie Pass, in the Swisshelm Mountains, 

and Boss Ranch, in the Pedregosa Mountains. Although exposures were 

commonly difficult to find, both sections are quite complete, with the 

Devonian at Leslie Pass measuring 186.5 meters, and at Boss Ranch 

measuring 125.4 meters. Numerous attitude changes due to abundant 

faulting, and the fact that the section was overturned by 46° compli

cated matters at Leslie Pass. At Boss Ranch, a normal stratigraphic 

sequence is present; however, Quaternary basalts (Cooper 1959) cover 

vast stretches of Paleozoic strata and in many places have formed sills 

within, and folded the less resistant Devonian strata.

Basal beds of the Swisshelm Formation consist of pale red 

(10R 6/2) to brownish gray (SYR 4/1), thinly bedded, silty dolomite and 

dolomitic sandstone. These strata grade upward into fossiliferous, 

sandy and silty carbonate rock that, at Leslie Pass, grades into a 

nodular limestone and calcareous shale very reminiscent of Devonian 

rocks further east. At Boss Ranch, silty carbonate rock underlies a 

very thick sequence (50.6 meters) of grayish orange (10YR 7/4), very 

thin to medium bedded calcareous shale containing minor amounts of 

cross-laminated calcareous siltstone. Present in the same relative

16
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position at Leslie Pass is a coarser grained unit of pale reddish brown 

(10R 5/4), thickly bedded, quartzarenite that is 36.6 meters thick.

The base of the thick sandstone unit at Leslie Pass is a sur

face covered with a network of intersecting tubular casts of varying 

diameters encircled by very fine transverse furrows. Morphologically 

these trace fossils seem to be most closely related to the crawling 

traces (Repichnia group of Osgood 1970) termed Scolicia of the form 

genus Olivellites (Moore 1962). These particular trails have been 

attributed by Frey (1975) to gastropods that form the distinctive 

transverse furrows by the repeated displacement of sediment with their 

muscular foot (Figs. 4 and 5).

Immediately above the sandstone at Leslie Pass is 9.1 meters of 

moderate red (5R 5/4) to medium dark gray (N4), thickly bedded, dolo- 

mitic coralline limestone very similar to that present in the middle of 

the Martin Formation. Present within this unit are very abundant, 

silicified tabulate corals of the genus Coenites, Atrypa brachiopods, 

scattered solitary and colonial rugose corals, and calcareous crinoid 

hash. The uppermost surface of this unit contains a very dusky red 

(10R 2/2) lag gravel composed of manganiferous sand, abraded coralline 

hash, and other fossil material representing the Senecan-Chautauquan 

unconformity.

Neither the coralline limestone nor the lag gravel are present 

at the Boss Ranch stratigraphic section. At this place calcareous 

shale and siltstone corresponding to the sandstone at Leslie Pass grade 

into more resistant, slightly fossiliferous, silty limestone and
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Fig. 4. Base of Sandstone Unit at Leslie Pass Showing 
Numerous Trace Fossils

Fig. 5. Close-up of Trace Fossils from Base of Sand
stone Unit at Leslie Pass



•19

calcareous siltstone and shale. Before such beds are encountered at 

Leslie Pass, however, a 15.5 meter unit of olive gray (5Y 3/2) cal

careous shale and marl is present that has no obvious Boss Ranch 

counterpart.

The highest beds in the Devonian section at Leslie Pass and 

Boss Ranch correspond well. Medium gray (N5) to dark gray (N3) cherty 

microsparite grades upward into medium gray (N5) to brownish gray 

(5YR 4/1) crinoidal biosparite that also contains several horizons of 

chert. An interesting exception to this is a 3.1 meter bed of medium 

light gray (N6), highly resistant, arkosic sandstone at Boss Ranch.

This sandstone contains well rounded, very coarse sand sized grains of 

unaltered feldspar, quartz, and chert, held together by chalcedonic 

cement. Subsequent fracturing has allowed the entering of abundant 

large and small sparry calcite stringers, causing the rock to effer

vesce in many places much like the limestone above and below (see Figs. 

6 and 7).

Nature of Upper Contact

The contact between the Swisshelm Formation and the Escabrosa 

Limestone is so nebulous as to be impossible to place with any degree 

of certainty. No physical evidence exists to suggest an unconformity, 

and conclusive fossil evidence is also lacking. Epis (1956) and Epis 

and others (1957) believed that there was continuous deposition from 

Devonian to Mississippian time. This writer believes that any strati

graphic discontinuity present, due to its concealed nature and inferred 

minor duration, should be considered a paraconformity. This term is
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Fig. 6. Well Rounded, Unaltered Microcline Grain in Arkosic Unit 
from Upper Boss Ranch Section (Crossed Nicols, 50x)



21

used because, lacking faunal evidence, no clear distinction can be made 

between diastems and disconforalties (Weller 1960, p. 392; Twenhofel 

1936, 1950). For a discussion of the faunal distribution around the 

inferred contact see page 34.

At both Leslie Pass and Boss Ranch, the upper contact is placed 

at the point where the thinner bedded, slightly silty Devonian lime

stone grades into the more massive, clean limestone of inferred 

Hississippian age. Placement of this contact was subjective owing to 

the lack of any distinctive lithologic breaks.

>



STRATIGRAPHY OF THE PORTAL FORMATION

General Statement

The Portal Formation is exposed in the eastern portion of the 

study area, in the Chiricahua and Dos Cabezas Mountains. Its thinly 

bedded shale and nodular limestone bears a strong resemblance to por

tions of the Swisshelm Formation to the west and to the Percha Forma

tion (Gordon 1907; Stevenson 1945; Kocurek 1977) to the east. The 

Portal Formation forms a very weakly resistant zone between the more 

resistant Ordovician dolomite below and the Mississippian limestone 

above. Thicknesses measured range from 71.3 to 104.5 meters.

Nature of Lower Contact

The Upper Devonian Portal Formation rests disconformably on the 

Lower Ordovician El Paso Limestone. Due to the comparatively massive 

nature of the El Paso, the lower one meter of shales in the Portal 

Formation are intensely folded owing to the weight of overlying sedi

ments . The only section that yielded an exposure of an unmetamorphosed 

basal contact was the type section of Sabins (1957a) near the village 

of Portal. At this location, a prospect pit had been conveniently dug 

along the upper surface of the El Paso Limestone.

Lithologically, the basal, very weakly resistant, calcareous 

shale of the Portal Formation contrasts markedly with the thickly 

bedded, more resistant, pure dolomite of the underlying El Paso Lime

stone. The contact between these units is slightly irregular and is
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covered by a one centimeter, very dusky red (10R 2/2) to yellowish 

orange (10YR 6/6) lag deposit representing all of Silurian and much of 

Ordovician and Devonian time.

Descriptive Stratigraphy

Three stratigraphic sections were measured of the Portal Forma

tion, including Apache Pass, Blue Mountain, and the type section four 

kilometers northwest of the village of Portal. Excepting the lowermost 

beds at Blue Mountain, all sections were completely exposed, and 

yielded thicknesses of 71.3 meters at Apache Pass, 91.7 meters at Blue 

Mountain, and 104.5 meters at Portal Village. For convenience, these 

thicknesses can be divided quite easily into the following four 

informal members from bottom to top: 1) alternating nodular micro-

sparite and calcareous shale, 2) siliceous black shale, 3) alternating 

microsparite and calcareous shale, and 4) crinoidal biosparite.

Member one consists of olive gray (5Y 4/1) to pale brown 

(5YR 5/2) thinly bedded, weakly resistant, calcareous shale and nodular 

microsparite. At Apache Pass, where recrystallization due to contact 

metamorphism took place in the Tertiary (Sabins 1957b), member one is 

thicker bedded and more resistant than it is elsewhere. The shale is 

hornfelsic and the limestone is recrystallized. Weathering processes 

have removed the less resistant limestone nodules leaving a distinctive 

pitted surface within the more resistant homfels (Sabins 1957a, 

p. 477).

The brownish black (5YR 2/1) siliceous shale of member two is a 

very distinctive unit within the Portal Formation, and can be easily
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recognized where exposed. This shale is extremely fissile, breaking 

into characteristic, thin, sharp chips with a lack of any carbonate 

component. Where contact metamorphosed, as at Apache Pass, member two 

looses all fissility and is a calcareous, blocky, dark gray (N3) 

hornfels. At Blue Mountain this shale is very well exposed and rests 

directly on a slightly irregular limestone surface at the top of member 

one and grades upwards into calcareous shale of member three. On the 

basis of the very abrupt lower contact and the gradational upper con

tact, the Senecan-Chautauquan boundary is placed at the base of member 

two.

Member three is nearly identical to member one, being composed 

of alternating dark gray (N3) nodular microsparite and light olive gray 

(5Y 6/1) calcareous shale. Thin horizons of nodular, black (Nl) chert 

at the base of member three serve to distinguish this unit from member 

one, and aid greatly in its correlation westward.

The thicker bedded crinoidal biosparite so characteristic of 

the uppermost Devonian in eastern Cochise County gradually replaces the 

nodular microsparite and calcareous shale of member three. The 

crinoidal biosparite of member four is medium gray (N5) and commonly 

alternates with very thin interbeds of light olive gray (5Y 6/1) cal

careous shale. Member four is not recognizable at Apache Pass; how

ever, Sabins (1957a, p. 477) found spiriferoid brachiopods similar to 

those of member four at the top of member three at Apache Pass. This 

discovery suggests that the equivalent of member four may be present in 

the top of member three at Apache Pass.
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Nature of Upper Contact

The contact between the Portal Formation and the Escabrosa 

Limestone is extremely vague because of the similarities between member 

four of the Portal Formation and overlying Mississippian rocks. The 

lithologic transition from Devonian to Mississippian is gradual. No 

physical evidence exists to suggest an unconformity, and fossil evi

dence is lacking as well. If a discontinuity is indeed present, it is 

impossible to determine its precise duration. Because of the lack of 

evidence, the term paraconformity is suggested to describe the upper 

contact. For a further discussion of the upper contact see page 34.

The Devonian-Mississippian contact is placed where the cri- 

noidal biosparite and thin shale interbeds of the Devonian gradually 

give way to thicker bedded crinoidal biosparite typical of the Missis

sippian strata. At Portal Village and Blue Mountain these contacts 

are drawn arbitrarily. At Apache Pass, a relatively clear contact 

separates rocks characteristic of member three from the very thickly 

bedded, yellowish gray (5Y 8/1) marble of the Escabrosa.



AGE AND CORRELATION

The datum used in the cross-section (Fig. 8) is the well- 

recognized (Schumacher and others 1976; Witter 1976) Senecan- 

Chautauquan boundary that exists as a disconformity. While using the 

surface of an unconformity as a datum is not always desirable, this is 

the only surface that can be correlated with reasonable accuracy 

throughout the entire area of study. See Fig. 8 for the graphical 

correlation of Devonian strata.

Witter (1976) established the local conodont biostratigraphic 

zonation for the Upper Devonian of southeastern Arizona. He compared 

this to the refined zonations for Europe (Ziegler 1971; Sandberg and 

Ziegler 1973) and North America (Klapper and others 1971; Sandberg and 

Ziegler 1973) (Fig. 9).

Conodonts are the best correlation tool throughout most of the 

cross-section. Comparison of the observed macrofaunas to the well- 

recognized faunas of other localities also help as do some of the 

obvious lithologic similarities between formations. Chert horizons 

also prove to be excellent local correlation features and seem rela

tively reliable for some more regional comparisons.

According to Hayes and Landis (1965, p. 18) Dutro identified as 

Platyrachella the large spiriferoid brachiopod contained within the 

lower beds of the Martin Formation near Bisbee. On the basis of this 

fossil, he assigned a lowermost Upper Devonian (Fingerlakesian) or 

possibly uppermost Middle Devonian age to these strata. These beds,
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which correspond to the lower part of member one of the Martin Forma

tion, are because of this, equivalent in age to the Cedar Valley Lime

stone of Iowa (Short and others 1943, p. 29) and possibly to portions 

of the late Middle Devonian Onate Formation of southwestern New Mexico 

(Stevenson 1945).

Hayes and Landis (1965, p. 18) indicate that Dutro and Oliver 

believed the overlying coralline limestone of the Martin Formation to 

be an early Senecan in age as determined through their work on the 

corals and brachiopods contained within it. Flower (1953) believed 

that the brachiopod fauna of this unit is also closely allied to that 

of the Ready Pay Member of the Percha Shale of southwestern New Mexico. 

Witter (1976) discovered conodonts from his Lower and Upper 

Palmatolepis gigas Zones and Schumacher and others (1976, p. 65) recog

nized conodonts from these, as well as the Ancyrognathus triangularis 

and Polygnathus assymmetricus Zones. Confirming its Senecan age, the 

writer identified a single Polygnathus foliatus specimen from the 

middle of member two at Spring Creek that indicates an age within the 

A. triangularis to P. gigas Zones (Schumacher 1977, personal communica

tion) . North American formations with roughly equivalent ages and 

faunas include the Hackberry Shale of Iowa (Cooper 1942) and the Sly 

Gap Formation of southwestern New Mexico (Stevenson 1945).

The surface separating members two and three represents the 

Senecan-Chautauquan boundary that at Black Gap is a hematitle lag 

deposit. This surface represents a major unconformity that spans as 

many as twelve standard conodont zones (Witter 1976), and is extended,
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on the basis of lithologic similarity, to the stratigraphic section at 

Spring Creek.

Stoyanow (1936) discovered the brachiopod Camarotoechia 

(=Paurorhyncha) endlichi in the uppermost Martin beds at Pinal Creek. 

This indicates a probable correlation with the Box Member of the Percha 

Shale of New Mexico (Ethington 1965, p. 569) and a considerably younger 

age than the underlying Senecan strata. Stainbrook (1947) and 

Sartenaer (1967) also reported brachiopod faunas of similar age from 

beds near the top of the Martin Formation. Ethington (1962, 1965) 

described a sparse conodont fauna from stratigraphic sections in the 

Mule Mountains, and identified specimens of the upper Chautauquan 

conodont Palmatolepis rugosa from beds near, the top of the Martin in 

that area (Ethington 1965, p. 580).

Meader (1976), working with macrofossils, and Schumacher and 

others (1976) and Witter (1976), both working with conodonts, proposed 

the name Percha Formation for the shale and overlying carbonate rock 

present in member three of the Martin Formation. While their termi

nology will not be adopted in this study, they did confirm the upper 

Chautauquan age of these strata. Three local conodont zones are 

identified that are related to the refined, standard conodont zonation 

for Europe and North America. These three zones include the 

Palmatolepis distorta Zone, the Palmatolepis rugosa-Polygnathus semi

costatus Zone, and the Polygnathus communis Zone. The first two of 

these correlate with the upper part of the standard Scaphignathus
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velifer Zone and the P. communis Zone is probably post Polygnathus 

styriacus Zone (Witter 1976).

Epis and others (1957, p. 2253) indicated that basal beds of 

the Devonian in the Swisshelm and Pedregosa Mountains contain a dis

tinctly pre-Martin fauna. This fauna is characterized by abundant 

Cyrtina sp. and Mucrospirifer cf. M. argentarius (or K1eutherkomma 

jasperensis) and can be biostratigraphically correlated with the 

Spirifer argentarius Zone of the Devils Gate Formation (Merriam 1940; 

Nolan, Merriam, and Williams 1956) and the fauna of the Jefferson 

Limestone of northwestern Montana (Laird 1947). Each of these faunal 

zones indicate an Upper Devonian (Fingerlakesian) age for the basal 

beds of the Swisshelm Formation. In agreement with this is the dis

covery of a latest Middle Devonian or earliest Upper Devonian conodont 

fauna from the basal six meters of strata at Leslie Pass (Schumacher 

1977, personal communication).

The fauna of the basal Swisshelm strata resembles that of the 

Onate Formation (Kottlowski and others 1956), but because of the 

presence of Spirifer argentarius and Eleutherkomma jasperensis it main

tains its earliest Upper Devonian status. The identification of 

Platyrachella in the basal Martin near Bisbee was thought by Dutro 

(1961, _in Hayes and Landis 1965) to also indicate a possible correla

tion of the Martin with the Onate Formation. On this basis, and the 

obvious lithologic similarity, the lower Martin and Swisshelm beds are 

seen as being roughly equivalent in age.
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Stratigraphically above the beds containing Spirifer 

argentarius, Epis and others (1957, p. 2254) identified fossils char

acteristic of the Independence Shale fauna of Iowa (Stainbrook 1948, 

p. 782) and the Sly Gap Formation of southwestern New Mexico. The 

relative position of this fauna, above the probable early Finger- 

lakesian jS. argentarius strata, and below beds that are unequivocally 

dated as Chemungian, suggests a late Fingerlakesian or early Chemungian 

age.

The coralline limestone unit in the middle of the Swisshelm 

Formation at Leslie Pass is essentially identical to member two of the 

Martin Formation, both faunally and lithologically. Corals and brach- 

lopods indicate a correlation with the Hackberry fauna of Chemungian 

age, and the discovery of the conodont Polygnathus foliatus in this 

unit at Spring Creek confirms this date. All strata, up to and includ

ing this limestone, are of Senecan age.

In the same stratigraphic position as the lag gravel discovered 

at Black Gap, a coralline lag deposit was found at Leslie Pass. As 

indicated before, this deposit represents the Senecan-Chautauquan 

boundary and a major unconformity spanning many conodont biostrati- 

graphic zones (Witter 1976). While the coralline limestone is not 

present at Boss Ranch except as a thin interval of crinoidal micro- 

sparite, a stratigraphic sequence similar to that at Leslie Pass 

allowed its extension to the Boss Ranch section.

The upper half of the Swisshelm Formation consists of cal

careous shale and siltstone overlain by progressively thicker bedded,
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cherty microsparite and crinoidal biosparite. These beds are all of 

late Chautauquan (Conewangoan) age and correlate with the Chautauquan 

Percha Shale east of the area under study. Epis and others (1957, 

p. 2255) pointed out that the sequence in ages of the faunas of the 

lower Swisshelm Formation correspond to those of the Devonian forma

tions that underlie the Percha in New Mexico. On this basis, they sug

gested an equivalency in age between the upper Swisshelm strata and the 

Percha Shale. This correlation was confirmed by a conodont fauna found 

at Boss Ranch 102 meters from the base of the section. Contained in 

this fauna are Polygnathus normalis, Polygnathus semicostatus,

Bispathodus stabilis, and Bispathodus cf. B. jugosus on whose joint 

occurrence a late Chautauquan age is assigned. Schumacher (1977, 

personal communication) indicated that "Bispathodids began in the 

Polygnathus styriacus Zone (of North America) and continued into the 

overlying Bispathodus costatus Zone where they are more common, and 

(then) range on into the Kinderhookian. Bispathodus jugosus, with its 

double denticle row, is unequivocally late Famennian (Chautauquan).

A sparse, but diagnostic, conodont fauna was found by Ethington 

(1965), Sabins (1957a), and Schumacher (1977, personal communication) 

in the upper part of member one in the Portal Formation. Within this 

five to ten meter interval at both Blue Mountain and Apache Pass, late 

Senecan (Palmatolepis gigas Zone) conodonts were identified, but the 

basal 20-30 meters are barren. No fossils have been found in the over- 

lying siliceous black shale either, and because of its abrupt and 

slightly irregular contact with the underlying beds of member one, the



Senecan-Chautauquan boundary is inferred to exist at the base of the 

black shale.

Totally unfossiliferous member two of the Portal Formation 

grades upward into the slightly fossiliferous members three, and four. 

Schumacher (1977, personal communication) reported late Chautauquan 

(Polygnathus styriacus Zone) conodonts from member three at Apache Pass 

and the upper 15 meters of Devonian strata at Blue Mountain. The 

crinoidal limestones of member four contain an alate Cyrtospirifer that 

closely resembles C. glaucus from the Chemungian-Cassadagan Hay River 

Shale of the Northwest Territory, Canada (Sabins 1957a, p. 478). This 

also confirms the existence of Chautauquan strata in this area.

Each of the three Portal Formation stratigraphic sections are 

easily relatable owing to their high degree of lithologic similarity. 

The thicker bedded crinoidal biosparite of member four, however, is not 

present at Apache Pass. This may be an illusion created by contact 

metamorphism at Apache Pass that may have recrystallized its upper beds 

to such an extent that member four may now resemble member three below. 

This theory is substantiated by the discovery by Sabins (1957a, p. 477) 

of spiriferoid brachiopods similar to those of member four in the 

uppermost beds at Apache Pass.

The upper Chemung age of the lower Portal beds correlates these 

strata with the Sly Gap Formation of south-central New Mexico and 

member two of the Martin Formation near Bisbee (Cooper 1942). As indi

cated previously, the upper units of the Martin Formation correlate 

with the Box Member of the Percha Shale and these are also very similar
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to the black shale and overlying carbonate rocks of the Portal Forma

tion. The Portal Formation is lithologically similar to the Percha 

Shale of Gordon (1907) and Kelly and Silver (1952), the Morenci Shale 

of Lindgren (1905) and Jones and Bacheller (1953), and the Swisshelm 

Formation of Epis and others (1957), who considered these units a 

facies of the same age as the Swisshelm Formation. While the Martin, 

Swisshelm, and Portal Formations are lithologically distinctive, they 

are clearly the same age. This can be stated unequivocally because of 

their correlation to the same stratigraphic units in both adjacent and 

distant areas and their contemporaneous conodont faunas.

Diagnostic fossils are absent near the upper contact, and 

several uppermost Devonian and lowermost Mississippian conodont zones 

are unrepresented. In all stratigraphic sections, a series of beds, 

barren of conodonts, occurs between the highest beds containing 

Devonian conodonts and the lowest beds containing Mississippian 

conodonts. In each case, uppermost Devonian and lowermost Mississip

pian conodont zones are missing, and in a normal biostratigraphic 

sequence, would be found in these intervening beds. This relationship 

is present at Boss Ranch, Portal Village, and Blue Mountain, and has 

been documented by Schumacher (1977, personal communication) as exist

ing throughout the study area. At the well-studied Blue Mountain 

section, 3.6 meters of barren strata exist between the last Devonian 

and the first Mississippian conodont faunas. This gives the illusion 

of the presence of an unconformity of major proportions, but instead 

may simply represent conditions not favorable for facies dependent
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conodonts. Perhaps a more likely explanation is that of Kocurek (1977, 

p. 122), who says that the conodont faunas may be missing due to the 

initial transgression of higher energy bank conditions. These, he 

reasons, may have reworked or possibly removed the existing substrate 

without a great deal of net deposition in any given area. Raydon 

(1953), Epis and others (1957), Kocurek (1977), and others believed 

there was continuous deposition from Devonian to Hississippian time.

On the other hand, Hayes and Landis (1965), Sabins (1957a), Witter 

(1976), Schumacher and others (1976), and others, believed there is a 

disconformity present of significant proportions. Schumacher (1978, 

personal communication) even indicates that the hiatus increases to the 

north and northwest. This may be substantiated by Gilluly (1956, 

p. 29) who indicates an upper Martin sandstone marking the contact in 

the area north of this study area.

The author believes that it is impossible to discern what, if 

any, time interval is represented by the barren beds making up the 

Devonian-Mississippian contact. The recognition and evaluation of a 

hiatus in parallel strata is impossible without paleontologic evidence, 

and conclusive evidence here is lacking. It is for this reason the 

upper contact in the study area is identified as a paraconformity 

(Dunbar and Rodgers 1957, p. 119), implying only a biostratigraphic 

discontinuity within a sequence of parallel strata. While the time gap 

may indeed be considerable, definitive evidence to support this is 

absent. Paraconformities may be laterally coextensive with discon- 

formities (Weiss 1965; McGugan 1965a, 1965b; Freeman 1966), but in this



study area there is no physical evidence and inconclusive paleontologic 

evidence to warrant calling the Devonian-Mississippian contact any

thing but a paraconformity.
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CONDITIONS OF DEPOSITION

The Paleozoic Era in Arizona was deficient in severe deforma

tions! tectonism so that sedimentation at this time was controlled by 

milder, epeirogenic movements (Peirce 1976). During the Paleozoic, 

most of Arizona lay between the Defiance Positive on the east and a 

possible positive to the west. The area between these positives is 

commonly referred to as the Arizona Sag and was probably a slowly sink

ing shelf that was covered at various times by waters that connected 

the Cordilleran and "Sonoran” geosynclines (McKee 1951; Eardley 1949, 

1963).

Post lower Ordovician to pre-Upper Devonian erosion was fol

lowed by the encroachment of a Late Devonian sea over an irregular 

topography of low relief. As transgression occurred, local highs 

became islands that acted as sources of sediment. The most prominent 

of these was the Mazatzal Positive in central Arizona and is indicated 

by isopach trends and an increase in coarse elastics as one approaches 

central Arizona (Wilson 1962, Fig. 8). In addition to Mazatzal Land, 

there is abundant evidence supporting the existence of other shore

lines in Upper Devonian time; however, these are probably the borders 

of small islands rather than continental margins. The wide variations 

in the thickness of Devonian strata are at least partly attributable to 

the presence of these numerous islands, which were eventually buried, 

but which often caused a rapid thinning of sedimentary units over them.
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The direction of transgression of the Late Devonian sea has 

long been a point of controversy. Stoyanow (1942, PI. 5f) and Huddle 

and Dobrovolny (1952) suggested that the sea came from the south, while 

Schuchert (1955, map 38) believed the sea came from the north with no 

opening to the south. Dunbar (1960, p. 174) has transgression taking 

place from both the north and the south.

Evidence seems to point to a transgression from the south and 

east. Faunal data indicate significant Devonian strata in southwestern 

New Mexico (Onate Formation) that are older than any of those present 

in southeastern Arizona. This suggests that subsidence on the Upper 

Devonian shelf began earlier in the east than in the west. Terrigenous 

sediments also increase to the north and west, supporting the theory 

that previously discussed positive areas existed some distance in these 

directions (Wright 1964). Additional evidence that deposition advanced 

from the "Sonoran" rather than the Cordilleran geosyncline comes from 

Cooper and Arellano (1956, pp. 46-47) who measured 280 meters of Upper 

Devonian strata 32 kilometers west of Caborca in Sonora, Mexico.

Mulchay and Velasco (1954, p. 630), also studying Upper Devonian rocks, 

measured 60-150 meters of Martin strata 25 kilometers to the southwest 

of Bisbee near Cananea, Sonora. It is thought that the entire area of 

study, including surrounding areas, was contained within a shallow 

embayment on a stable shelf bordering the northward-expanding "Sonoran 

geosyncline" (Wright 1964).

Senecan strata in southeastern Arizona are undoubtedly of a 

shallow marine origin, and this is substantiated not only by the rocks
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themselves, but by fossils present as well. Locally abundant brachio- 

pods, crinoid hash, and especially the reef horizon in the western 

three stratigraphic sections, verify this view. The numerous trace 

fossils present at the base of the thick sandstone unit at Leslie Pass 

are also believed to be indicative of a shallow marine environment. 

Seilacher (1967), relying solely on morphology, placed the origin of 

such trace fossils in the neritic zone, which extends from mean low 

tide to approximately 200 meters depth. On these bases, it is believed 

that waters were relatively shallow, well lit, and also experienced 

some current activity as evidenced by the abundance of cross

laminations in both the fine carbonate and terrigenous material.

This shallow, shelf type sea was broken by either a low series 

of islands or an area of much shallower waters in a north trending 

barrier extending through the Swisshelm and Pedregosa Mountains (LeMone 

1958, Fig. 4). This arm acted as a source of sediment for the Swiss

helm Formation, at least in Senecan time, and separated the less 

terrigenous lower and middle Martin Formation from the fine elastics 

and carbonates of the lower Portal Formation (Johnson 1971, Fig. 6).

Due to the nature of Basin and Range topography, the areal extent of 

the Swisshelm Formation is not well-known, but it is probable that it 

extends for some distance into Mexico, acting as a barrier in much the 

same way as it does in the study area. The coarse sediments of the 

Swisshelm Formation, especially those at Leslie Pass, accords well with 

its close proximity to a source area.
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Regression of the Senecan sea took place before the end of 

Palmatolepis gigas time (latest Senecan) and proceeded to the east and 

southeast. This regression was considered to be very rapid due to the 

existence of P. gigas Zone strata beneath the unconformity at almost 

all localities (Witter 1976; Schumacher 1977, personal communication). 

This also argues for a minimum of strata lost due to erosion during the 

intervening period which lasted through Scaphignathus velifer time 

(Witter 1976, p. 38).

Because of a continued lack of any severe deformational tec- 

tonism, gradual subsidence brought the Chautauquan sea in over a 

Senecan surface of relatively low relief. As the sea progressed, it 

produced the transgressional lag deposit seen at Black Gap and Leslie 

Pass. Witter (1976, p. 35) found within this lag deposit P. gigas Zone 

conodonts, fish teeth, and phosphatic pellets in addition to the iron 

oxides, manganiferous zones, sand, gravel, and abraded brachiopod and 

coralline hash found by the author.

Chautauquan rocks deposited in the study area bear a much 

stronger resemblance to each other than the Senecan rocks. This may 

possibly be due to the gradual wearing down of the previously existing 

topographic highs, creating much more uniform depositional conditions. 

The only major departure from the calcareous shale and siltstone to 

overlying thicker bedded crinoidal carbonate rocks is seen in the three 

eastern sections representing the Portal Formation. Here a siliceous 

black shale rests on underlying Senecan strata. This may indicate the 

existence of some sort of restrictive barrier responsible for causing



stagnation and formation of the reducing conditions. This barrier 

probably did not coincide with the Swisshelm axis, however, as the 

black shale extends much farther east into New Mexico in the Percha 

Shale. This is much too long a distance for a single stationary 

barrier to be useful in restricting circulation. Kottlowski and others 

(1956) reported scour channels within the black shale sequence of the 

Percha Shale, ruling out the possibility of its deposition in a deep 

water basin.

The best explanation for the euxinic shales was put forth by 

Kocurek (1977, p. 94). He believed these shales to be transgressive, 

shallow, euxinic, lagoonal deposits that were barred from circulation 

with the open ocean by an offshore carbonate buildup. Using his model, 

one has the mechanism by which to maintain reducing conditions over the 

wide area in which the black shale is observed. This shale is absent 

west of the Chiricahua-Dos Cabezas Mountains, suggesting the continued 

existence of some sort of a relative topographic high in the area of 

the Swisshelm Formation and more open circulation east of this area 

where the Martin Formation was deposited.

As Chautauquan time progressed, the deposition of farther off

shore , perhaps slightly deeper water limestone took place, with a 

notable lack of much clastic deposition. These types of deposits are 

present throughout the area of study, indicating the loss of the Swiss

helm topographic high and fairly uniform conditions throughout the area.

The Chautauquan sea probably entered the area from the same 

direction as the earlier Senecan transgression. Some workers, including
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Schumacher and others (1976) and Header (1976) believed the sea 

regressed in late Chautauquan time to the south and southeast. There 

is some evidence, aside from the somewhat questionable biostratigraphic 

discontinuity, that may suggest that a partial regression of the sea in 

this direction did indeed take place.

Ransome (1904, pp. 34-35) indicated that the upper contact of 

the Martin in the Bisbee area was difficult to fix accurately owing to 

the resemblance of the upper beds to the basal beds of the Escabrosa. 

Gilluly (1956, pp. 27-29) described similar difficulty elsewhere in the 

Mule Mountains, but indicated that farther north a sandstone or shale 

of greatly contrasting lithology generally marks the base of the 

Escabrosa Limestone. In four stratigraphic sections north of the study 

area near Winkleman,■ Schumacher and others (1976, p. 66) found a quartz 

sandstone at the base of the overlying Escabrosa Limestone that marks 

the precise Devonian-Mississippian boundary.

Within the study area no such physical evidence for a latest 

Devonian unconformity exists. It is suggested here that the reason for 

this is that the paleoshoreline never approached close enough to the 

study area to produce a source for a unit of elastics. Hence, the 

shoaling that probably took place to the north was too distant to 

affect sedimentation in the study area, and continuous deposition 

between Devonian and Mississippian time is inferred.

The great thickness (200-250 meters) and uniformity in lithol

ogy of the overlying Escabrosa Limestone indicates a prolonged con

stancy in depositional conditions. This relative constancy spanned
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latest Devonian through all of Early Hississippian time and in areal 

extent included all of southern Arizona and much of adjacent Old and

New Mexico



CONCLUSIONS

Devonian strata in southern and eastern Cochise County,

Arizona, rest with profound unconformity upon rocks of Cambrian and 

Ordovician age. Lithologically, the lower portions of Martin, Swiss- 

helm, and Portal Formations are quite dissimilar, but the upper parts 

are very much alike. The age of all three of these formations is Upper 

Devonian, with the lower and upper portions of the strata being Senecan 

and Chautauquan, respectively. A prominent unconformity separates the 

Senecan and Chautauquan strata in the study area. This is visible as a 

lag deposit at Black Gap and Leslie Pass and can be correlated, within 

the same formations, on the basis of lithologic similarity. The uncon

formity is represented in the Portal Formation as an abrupt, slightly 

irregular contact between the limestone of member one and the siliceous 

black shale of member two.

Chautauquan strata throughout the study area consist of cal

careous or dolomitic shale and siltstone grading into progressively 

thicker bedded, purer carbonate rock. Because of a high similarity 

between uppermost Devonian and lowermost Mississippian beds, continuous 

deposition between these two times is inferred. The apparent bio- 

stratigraphic discontinuity in which conodont zones are unrepresented, 

can be explained by several meters of intervening strata at the contact 

in which no faunas are present. These strata may represent conditions 

unfavorable for the conodont animal, or perhaps the removal of conodont 

faunas by the reworking of the sediments by higher energy conditions

44



45

(Kocurek 1977, p. 122). In either case, the unrepresented time inter

val, if any exists, is impossible to discern and the contact is 

labeled a paraconformity (Dunbar and Rodgers 1957, p. 119).

Both Senecan and Chautauquan seas transgressed from the south 

and the east. These created various shallow marine environments as 

they progressed as evidenced not only by rock assemblages and sedi

mentary structures, but by fossil assemblages and trace fossils. In 

Senecan time, and perhaps for some time later, the Swisshelm axis acted 

as a barrier, separating the western Martin carbonates from the eastern 

Portal fine elastics and carbonates. Chautauquan conditions became 

much more uniform with the approach of the Mississippian. At this time 

the study area became much further removed from the paleoshoreline as 

seen by the gradual loss of elastics from the latest Devonian through 

the entire Lower Mississippian.



APPENDIX A

DESCRIPTION OF MEASURED SECTIONS

Spring Creek

SE% SW% sec. 9, T.23 S., R.23 E.; section measured on southeast facing 
slope of mountain two kilometers northwest of Foudy Ranch. Strike 
N. 5°E, Dip 14° NW.

Mississippian: Escabrosa Limestone (unmeasured):

Crinoidal biosparite: medium light gray (N6); weathers light gray
(N7); very thickly bedded; very high resistance.

Devonian:

Unit
No.

Martin Formation:

Thickness 
in Meters

Cumulative 
Thickness 
in Meters

13 Dolomite: pale pink (5RP 8/2);
weathers yellowish gray (5Y 8/1); 
medium crystalline; thickly bedded; 
high resistance.

2.8 73.2(+)

12 Dolomite: light brownish gray
(SYR 6/1); weathers pinkish gray 
(SYR 8/1); finely crystalline; 
thinly bedded; high resistance.

1.5 70.4

11 Dolomite: pale yellowish brown
(10YR 6/2); weathers yellowish gray 
(5Y 8/1); medium crystalline; thinly 
bedded; moderate to high resistance; 
in thin section about 5 percent of 
unit remains as calcite.

1.2 68.9

10 Covered Interval: 6.7 67.7
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Unit
No.

Thickness 
in Meters

Cumulative 
Thickness 
in Meters

9 Dolomitic limestone: very light
gray (N8); weathers yellowish gray 
(5Y 8/1); medium crystalline; 
thickly bedded; high resistance; 
dolomite composes about 30 percent 
of unit.

4.6 61.0

8 Crinoidal biosparite: medium gray
(N5); weathers pale yellowish brown 
(10YR 6/2); thinly bedded; moderate 
resistance; fossil preservation 
very poor.

1.5 56.4

7 Dolomite: medium dark gray (N4);
weathers pale yellowish brown 
(10YR 6/2); medium crystalline; 
thinly bedded; low to moderate 
resistance.

1.9 54.9

Member 3

Member 2

6 Biosparrudite: medium gray (N5); 13.4 53.0
weathers light brownish gray 
(5YR 6/1); thickly bedded; high 
resistance; scattered silicified 
solitary rugose corals and syrin- 
goporid tabulate corals are present 
with very abundant calcareous 
crinoid debris.

5 Covered Interval: 9.1 39.6

4 Coralline biosparrudite: medium dark 13.7 30.5
gray (N4); weathers pale brown 
(5YR 5/2) to light brown (SYR 5/6); 
thickly bedded; high resistance; 
minor horizons of calcareous silt- 
stone present between limestone beds; 
most common fossil is tabulate coral 
Coenites which is alternately silici
fied or composed of very coarsely 
crystalline calcite; scattered silic
ified colonial rugose corals are also 
present.
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Unit
No.

Cumulative 
Thickness Thickness 
in Meters in Meters

3 Chert: grayish black (N2); weathers 0.3 16.8
medium gray (N5); thinly bedded; 
very high resistance; very thin 
laminations of microsparite define 
nodularity of unit, but make up no 
more than 15 percent of the total.

2 Covered Interval: 11.9 16.5

1 Slightly silty biomicrite: medium
dark gray (N4); weathers medium light 
gray (N6); thickly bedded; moderate 
to high resistance; medium silt com
poses about 2 percent of the unit; 
fossils present include silicified 
brachiopods of the genus Atrypa, 
unidentifiable fragments of probable' 
coralline origin, and abundant cal
careous crinoid debris.

Martin Formation no longer exposed. Total of Martin Formation 73.2(+)

Black Gap

SW% NE% sec. 26, T.23 S., R.24 E.; section measured on top of east 
facing knoll % kilometer south of Warren.

Mississippian: Escabrosa Limestone (unmeasured):

Crinoidal biosparite: very light gray (N8); weathers light gray (N7);
thickly bedded; very high resistance.

Devonian: Martin Formation:

Cumulative
Unit Thickness Thickness
No. in Meters in Meters
15 Dolomite: pale reddish purple

(5RP 6/2); weathers pale yellowish 
brown (10YR 6/2); finely crystalline; 
thinly bedded; low to moderate resis
tance; bedded chert present in upper

5.8 . 87.2
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Unit
No.

14

13

12

11

10

half; in thin section fossil ghosts 
of crinoid columnals are visible.

Dolomite: pale reddish purple
(5RP 6/2); weathers light brownish 
gray (5YR 6/1); medium crystalline; 
medium bedded; high resistance; 
horizontal laminations visible on 
weathered surface.

Slightly silty crinoidal biosparite: 
pale reddish purple (5RP 6/2); 
weathers pale yellowish brown (10YR 
6/2); thickly bedded; high resis
tance; thin horizons of bedded chert 
present throughout; sparse, poorly 
preserved, silicified solitary rugose 
corals are weathering out of unit.

Slightly silty dolomite: medium dark
gray (N4); weathers medium light gray 
(N6); finely to medium crystalline; 
thickly bedded; high resistance; 
unbedded silica visible; sparse, cal
careous crinoid columnals present.

Silty dolomite: pale reddish purple
(5RP 6/2); 6.7 weathers pale yellowish 
brown (10YR 6/2); finely crystalline; 
medium bedded; low to moderate resis
tance; cross-laminations visible 
surface; unbedded silica and moderately 
abundant calcareous crinoid hash 
present.

Silty crinoidal dolomite: grayish red 1.2 63.1
purple (5RP 4/2); weathers light 
brownish gray (SYR 6/1); medium 
crystalline; thinly bedded; moderate 
resistance; cross-laminations visible 
on weathered surface; moderately 
abundant calcareous crinoid debris 
present.

Cumulative
Thickness Thickness
in Meters in Meters

4.9 81.4

2.4 76.5

4.3 74.1

6.7 69.8
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Unit
No.

9

Member 3 

Member 2 

8

7

6

Cumulative
Thickness Thickness 
in Meters in Meters

Alternating calcareous siltstone and 6.1 61.9
shale; pale reddish purple (5RP
6/2); weathers pale pink (5RP 8/2);
thinly to medium bedded becoming
thickest in the upper half; low
resistance; shale composes about 25
percent of total unit; horizontal
laminations present on weathered
surface; sparse calcareous crinoid
debris present.

Slightly silty dolomite: dark red- 1.5 55.8
dish brown (10R 3/4); weathers
grayish orange pink (5YR 7/2);
finely crystalline; thinly bedded;
low resistance; cross-laminations
visible on weathered surface; upper
contact with unit 9 is slightly
irregular with a 2mm thick, sandy,
hematitic crust.

Dolomite: medium gray (N5); weathers 2.5 54.3
pale yellowish brown (10YR 6/2);
finely crystalline; medium bedded;
high resistance; abundant non-bedded
silica present.

Fossiliferous dolomite: medium gray 14.9 51.8
(N5); weathers pale yellowish brown
(10YR 6/2); finely crystalline;
thickly bedded; high resistance;
fossils present appear as calcite
blotches on the weathered surface;
specific identification of fossils
impossible, but are likely similar
to those of unit 5.

Dolomitic biosparrudite: grayish red 12.5 36.9
purple (5RP 4/2); weathers pale 
yellowish brown C10YR 6/2); medium 
crystalline; thickly bedded; high 
resistance; dolomite composes about
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40 percent of the total unit; hori
zontal laminations visible on 
weathered surface; abundant bedded 
chert present in upper 3.6 meters; 
fossils are very abundant, silici- 
fied, and include tabulate corals 
of the genus Coenites, solitary and 
colonial rugose corals, spiriferoid 
brachiopods, very abundant brachio- 
pods of the genus Atrypa, and some 
fine, calcareous crinoid debris; 
dolomite is especially prevalent in 
and around the silicified fossils.

Member 2

Cumulative
Unit Thickness Thickness
No. in Meters in Meters

Member 1

4 Alternating dolomitic shale and silty 11.0 24.4
dolomite; grayish red purple (5RP 
4/2); weathers brownish gray (5YR 
4/1); medium crystalline; thinly 
bedded; low to moderate resistance; 
shale composes about 50 percent of 
unit; cross-laminations are visible 
on weathered dolomite surface.

3 Biomicrudite: light brownish gray 3.3 13.4
(5YR 6/1); weathers light brown 
(5YR 5/6); thickly bedded; moderate 
resistance; several horizons of 
bedded chert present; fossils include 
calcareous crinoid columnals and 
silicified colonial rugose corals and 
brachiopods; bioturbation is wide
spread with burrows filled with sparry 
calcite; incipient dolomitization 
throughout this unit.

2 Alternating sandy dolomite and 5.2 10.1
dolomitic shale: grayish red purple
(5RP 4/2) to pale reddish purple 
(5RP 6/2); weathers moderate brown 
(5YR 4/4) to moderate reddish brown 
(10R 4/6) to pale yellowish brown 
(10R 6/2); finely crystalline; thinly
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Unit
No.

1

Cumulative 
Thickness Thickness 
in Meters in Meters

bedded; very low resistance; shale 
composes about 50 percent of total 
unit; sand is poorly sorted, well 
rounded, and composes about 30 per
cent of the sandy interbeds; 
moderately abundant calcareous 
crinoid columnals are present.

Dolomitic quartzarenite: grayish 4.9 4.9
red purple (5RP 4/2); weathers 
moderate brown (SYR 3/4); grains 
are medium sand sized, poorly 
sorted, well rounded; dolomite 
cement is finely crystalline; thinly 
to medium bedded; very low resis
tance; unbedded silica abundant; base 
is very poorly exposed.

Total of Martin formation 87.2

Cambrian: Abrigo Limestone (unmeasured):

Slightly silty dolomite: light brownish gray (5YR 6/1); weathers pale
yellowish brown (10YR 6/2); finely crystalline; thinly to thickly 
bedded; low resistance; upper contact poorly exposed.

Leslie Pass

SE% NE% sec. 29, T.21 S., R.28 E.; section measured on southwest facing 
knoll % kilometer southwest of Leslie.Canyon and 1% kilometers due 
south of Lewis Monument. Strike N.28®W., Dip 46°NE. (overturned)

Mississippian: Escabrosa Limestone (unmeasured):

Calcareous crinoidal dolomite: medium dark gray (N4); weathers yellow
gray (5Y 7/2); coarsely crystalline; thickly bedded; high resistance; 
composed of about 30 percent calcareous crinoid columnals.
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Devonian:

Unit
No.

17

16

15

14

13

Swisshelm Formation:

Slightly silty crinoidal biosparite: 
dark gray (N3); weathers yellowish 
gray (5Y 8/1); very finely crystal
line; thinly bedded; moderate resis
tance; weathered surface shows 
cross-laminations; several thin, 
nodular horizons of dark gray (N3) 
chert are present as well as 
fenestellid bryozoan hash.

Crinoidal biosparite: medium dark
gray (N4); weathers medium gray (N5); 
thinly to medium bedded; high resis
tance; scattered silicified brachio- 
pod valves are present as well as 
calcareous fenestellid bryozoan 
debris.

Crinoidal biosparite: brownish gray 18.3
(SYR 4/1); weathers medium light gray 
(N6); thickly bedded; high resistance; 
cross-laminations visible on weathered 
surface; lower half is silty with silt 
content diminishing to zero before 
upper half is reached; upper half con
tains abundant nodular, dark gray (N3) 
chert with dark yellowish orange (10YR 
6/6) halos.

Marl: very light gray (N8); weathers 1.8
light gray (N7); massively bedded; very 
low resistance; very soft, blocky and 
porous.

Cherty microsparite: dark gray (N3); 10.4
weathers medium light gray (N6); medium 
bedded; moderate to high resistance; 
chert is grayish black (N2) and weathers 
with dark yellowish orange (10YR 6/6) 
halos; chert is nodular and increases 
from 10 to 50 percent from the bottom to 
the top of the unit; in thin section, 
small amounts of dolomite are visible 
in the chert.

Thickness 
in Meters

0.9

6.7

186.5

Cumulative
Thickness
in Meters

185.6

178.9

160.6

158.8
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Unit
No.

12

11

10

9

Cumulative
Thickness Thickness
in Meters in Meters

Alternating microsparite and cal
careous shale: grayish black (N2);
weathers medium light gray (N6) to 
yellowish gray (5Y 7/2); thinly to 
medium bedded; moderate to high 
resistance; shale composes about 20 
percent of unit decreasing rapidly 
from bottom to top; several horizons 
of nodular gray black (N3) chert 
with dark yellowish orange (10YR 
6/6) halos are present in the upper 
9.1 meters where they are between 2 
and 15 centimeters thick.

Alternating silty microsparite and 
calcareous shale: olive gray (5Y
3/2); weathers dusky yellow (5Y 6/4); 
thinly bedded; low resistance; shale 
composes about 50 percent of unit.

Calcareous shale and marl: olive
gray (5Y 3/2); weathers grayish olive 
(10Y 4/2); extremely fissile; very 
low resistance; horizontal lamina
tions present on weathered surface; 
becomes more shaly upwards.

Dolomitic biosparrudite: moderate red
(5R 5/4) to medium dark gray (N4); 
weathers pale red (10R 6/2) to moderate 
brown (5YR 4/4) to medium light gray.
(N6) to pale yellowish brown (10YR 6/2); 
thickly bedded; high resistance; fossils 
present include very few solitary and 
colonial rugose corals, abundant tabu
late corals of the genus Coenites and 
Atrypa brachiopods; calcareous crinoid 
hash is present while the rest of the 
fossils have been replaced by silica; a 
very dusky red (10R 2/2) lag gravel com
posed of manganiferous sand, gravel, and 
abraded coralline hash is present at 
certain points on top of this unit with 
a maximum thickness of five cm.

20.7 148.4

14.6 ' 127.7

15.5 113.1

9.1 97.6
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Unit
No.

8

7

6

5

4

3

Thickness 
in Meters

Quartzarenite: pale reddish brown 36.6
(10R 5/4) to grayish red (5R 4/2); 
weathers moderate reddish brown 
(10R 4/6) to very dark red (5R 
2/6); fine sand-sized, well 
sorted; subangular to subrounded; 
silica cement; iron oxide and 
sericite present as matrix; very 
thickly bedded; high resistance; 
basal surface exhibits network of 
intersecting tubular casts of vary
ing diameters with peculiar "gill- 
like” transverse structures, similar 
to Scolicia group, genus Olivellites 
cf., presumably gastropod burrows.

Calcareous shale: pale red (5R 6/2); 3.1
weathers light olive gray (5Y 6/1); 
thinly bedded; very low resistance; • 
isolated microsparite nodules contain 
small amounts of crinoid hash.

Alternating crinoidal biosparite and 7.6
calcareous shale: medium dark gray
(N4); weathers medium light gray (N6) 
to grayish orange (10YR 7/4); thinly 
bedded; low resistance; shale composes 
about 35 percent of unit.

Alternating silty microsparite and 15.2
calcareous shale: medium dark gray
(N4); weathers medium light gray (N6) 
to grayish orange (10YR 7/4); thinly 
bedded; low resistance; shale composes 
about 20 percent of the total unit; 
limestone is highly nodular and con
tains crinoid debris and solitary 
rugose corals.

Covered Interval: probably very 4.6
similar to unit 5.

Sandy dolomite: olive gray (5Y 4/1); 12.2
weathers moderate brown (5YR 4/4); 
finely crystalline; thinly bedded; low 
resistance; very fine sand composes 34

Cumulative 
Thickness 
in Meters

88.5

51.9

48.8

41.2

26.0

21.4
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percent of the unit; minor calcareous 
shale interbeds are present; cross
laminations visible on weathered 
surface; sparse (5 percent) cal
careous crinoid debris present along 
certain bedding planes.

2 Silty dolomite: light brownish gray 4.6 9.2
(5YR 6/1); weathers moderate brown 
(5YR 4/4); finely crystalline; 
thinly bedded; low resistance; cross
laminations very pronounced on weath
ered surfaces.

1 Silty dolomitic limestone: brownish 4.6 4.6
gray (5YR 4/1); weathers light gray (N7) 
to moderate yellowish brown (10YR 5/4); 
finely crystalline; thinly bedded; low 
resistance; cross-laminations very pro
nounced on weathered surfaces; burrowing 
locally evident.

Cumulative
Unit Thickness Thickness
No. in Meters in Meters

Total of Swisshelm Formation 186.5

Ordovician: El Paso Limestone (unmeasured):

Dolomitic intrasparrudite: medium dark gray (N4) to brownish gray
(SYR 4/1); weathers medium light gray (N6) to light gray (N7) to light 
brown (5YR 6/4); medium bedded; moderate resistance; composed of about 
35 percent micritic intraclasts, 50 percent sparry cement, and 15 per
cent dolomite which is responsible for the patches of brown color.

Boss Ranch

NE& NE% sec. 31, T.21 S., R.30 E.; section measured on southeast 
facing slope slightly north of Buck Creek and 23/4 kilometers south
east of Boss Ranch. Strike N.8°W., Dip 52° SW.

Mississippian: Escabrosa Limestone (unmeasured):

Crinoidal biosparite: medium gray (N5); weathers light olive gray
(5Y 6/1); thickly bedded; high resistance.
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Devonian: Swisshelm Formation:

Cumulative
Unit Thickness Thickness
No. in Meters in Meters

14

13

12

11

10

Slightly silty biosparite: brownish 7.6
gray (5YR 4/1); weathers moderate 
reddish orange (10R 6/6); thickly 
bedded; high resistance; several thin, 
nodular chert horizons are present; 
fossils include crinoid and brachiopod 
debris and isolated solitary rugose 
corals.

Slightly silty crinoidal biosparite: 12.2
medium gray (N5); weathers the same; 
thinly to medium bedded; high resis
tance; contains about 5 percent of 
silt; several very thin calcareous 
shale interbeds are present.

Silty crinoidal biosparite: brownish 3.1
gray (5YR 4/1); weathers moderate
reddish orange C10R 6/6); thickly
bedded; high resistance; contains
about 10 percent silt; horizontal
laminations visible on weathered
surface.

Cherty crinoidal biosparite: medium 6.1
gray (N5); weathers medium dark gray 
(N4) to grayish orange (10YR 7/4); 
thinly bedded; high resistance; 
cross-laminations visible on weathered 
surfaces; chert is brownish black 
(SYR 2/1), weathers dark gray (N3) and 
composes about 20 percent of the total 
unit; the limestone contains about 10 
percent silt; ostracods recovered from 
sample at 102.1 meters along with 
conodonts.

Alternating cherty microsparite and 3.1
calcareous shale: medium gray (N5);
weathers medium grayish orange (10YR 
7/4); thinly bedded; moderate resis
tance; shale composes about 20 percent 
of total unit; dusky brown (SYR 2/2) 
chert which weathers moderate orangish

125.4

117.8

105.6

102.5

96.4
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Unit
No.

9

8

7

6

Cumulative
Thickness Thickness
in Meters in Meters

pink (SYR 8/4) composes about 10 per
cent of this unit.

Arkose; medium light gray (N6); 3.1
weathers yellowish gray (5Y 8/1); 
medium to very coarse sand-sized, 
poorly sorted, very well rounded; 
chalcedonic cement; thinly to medium 
bedded; very high resistance; composed 
of 36 percent quartz grains^ 20 per
cent totally unaltered feldspar grains,
12 percent calcite fissure fillings, 
and 7 percent chert grains.

Alternating cherty microsparite and 5.8
calcareous shale: medium gray (N5);
weathers grayish orange (10YR 7/4); 
thinly bedded; moderate resistance; 
shale composes about 25 percent of 
the total unit; weathered limestone 
surfaces show cross-laminations; 
dusky brown (SYR 2/2) chert which 
weathers moderate orangish pink 
(SYR 8/4) composes about 25 percent 
of this unit, is well bedded and con
tains small amounts of dolomite; a 
basalt sill in the upper part of this 
unit seems to be responsible for some 
of the small scale folding and fault
ing observed.

Alternaint calcareous siltstone and 12.5
shale: pale yellowish brown (10YR
6/2); weathers very pale orange 
(10YR 8/2) to grayish orange pink 
(SYR 7/2); very thinly bedded; low 
resistance; shale composes about 25 
percent of the total unit and becomes 
most abundant in the upper half.

Slightly silty microsparite: grayish 4.5
orange (10YR 7/4); weathers moderate 
yellowish brown (10YR 5/4); thinly 
bedded; low to moderate resistance; 
minor shale interbeds and sparse crinoid 
debris are present.

93.3

90.2

84.4

71.9
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Unit
No.

5

4

3

2

Cumulative
Thickness Thickness
in Meters in Meters

Calcareous shale and siltstone: 50.6 67.4
grayish orange (10YR 7/4); weathers
the same; very thinly to medium
bedded; very low resistance;
several blocky (8-20cm) cross-
laminated calcareous siltstone
horizons present in the upper 9
meters; unit also exhibits small
scale folding in its upper half.

Alternating calcareous siltstone and 3.7 16.8
shale: grayish orange (10YR 7/4);
weathers the same; thinly bedded; low 
resistance; shale composes about 30 
percent of the total unit; siltstone 
beds are 2-5 cm thick.

Silty microsparite: pale red (5R
6/2); weathers yellowish gray (5Y 
7/2) to pale red (10R 6/2); medium 
bedded; low to moderate resistance; 
silt composes about 10 percent of 
total unit; folding present due to 
intrusion of basalt sills.

Biomierudite: pale yellowish brown
(10YR 6/2); weathers moderate reddish 
brown (10R 4/6) to moderate orange pink 
C10R 7/4) to medium light gray (N6); 
thinly bedded; moderate resistance; 
slight amount of silt present as well 
as minor calcareous shale interbeds; 
bedding surfaces are irregular; fossils 
include crinoid remains, spirifer and 
strophomenid brachiopods, and fenestellid 
and ramose bryozoa; burrowing is very 
evident.

Doloniitic sandstone: pale red (10R 2.1 2.1
(6/2); weathers grayish red (10R 4/2); 
coarse silt to fine sand-sized grains 
well sorted well to subrounded; dolomite • 
cement composes 38 percent of total unit; 
thinly bedded; moderate resistance.

7.9 13.1

3.1 5.2

Total of Swisshelm Formation 125.4



60

Ordovician: El Paso Limestone (unmeasured):

Dolomitic limestone: dusky brown (5YR 2/2); weathers medium gray (N5)
to light olive gray (5Y 6/1); finely crystalline; medium bedded; 
moderate resistance; often covered by local flood basalts.

Portal Village

NW% SE% sec. 15, T.17 S., R.31 E.; section measured on northeast facing 
slope on spur four kilometers northwest of the village of Portal.
Strike N.59°W., Dip 66° SW.

Mississippian: Escabrosa Limestone (unmeasured):

Crinoidal biosparite: medium gray (N5); weathers the same; thickly
bedded; very high resistance.

Devonian: Portal Formation:

Unit
No.

Cumulative 
Thickness Thickness 
in Meters in Meters

18

17

16

15

Crinoidal biosparite: medium gray 6.4
(N5); weathers light olive gray (5Y 
6/1) to yellowish gray (5Y 8/1); 
medium to thickly bedded; high resis
tance; limestone beds alternate with 
very thin shale horizons which are 
responsible for the weathering colors.

Crinoidal biosparite: medium light 2.1
gray (N6); weathers light gray (N7); 
medium bedded; high resistance; slight 
amount of calcareous shale visible 
between limestone beds.

Crinoidal biosparite: medium light 3.6
gray (N6); weathers light gray (N7); 
thickly bedded; very high resistance.

Crinoidal biosparite alternating with 3.1 
calcareous shale: medium gray (N5);
weathers light olive gray (5Y 6/1) to 
yellowish gray (5Y 8/1); thinly to 
medium bedded; moderate resistance; 
shale composes about 20 percent of 
total unit.

104.5

98.1

96.0

92.4
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Unit
No.

Thickness 
in Meters

14 Biosparrudite alternating with cal
careous shale: medium dark gray (N4)
to medium gray (N5); weathers light 
olive gray (5Y 6/1) to yellowish gray 
(5Y 8/1); medium bedded; moderate 
resistance; shale composes about 10 
percent of total unit; fossils present 
include crinoid hash, spirifer and 
strophomenid brachiopods, and very 
abundant fenestellid bryozoa.

7.3

13

Member 4

Crinoidal biosparite: medium gray
(N5); weathers the same; medium 
bedded; high resistance.

0.6

Member 3

12 Alternating microsparite and calcare
ous shale: medium dark gray (N4) to
medium gray (N5); weathers light gray 
(N7) to light olive gray (5Y 6/1); 
thinly bedded; low resistance; shale 
composes about half of the lower half 
and 75 percent of the upper half of 
this unit; limestone is highly nodular 
and shows cross-laminations on weath-

13.4

ered surfaces; brachiopod, crinoid, and 
bryozoan hash present along several 
horizons in the upper half of unit.

11 Alternating microsparite and calcareous 7.0
shale: dark gray (N3); weathers light
gray (N7) to light olive gray (5Y 6/1); 
thinly bedded; low resistance; shale 
composes about 50 percent of unit and 
is very fissile; limestone is highly 
nodular.

10 Calcareous shale: medium dark gray (N4);
(N4); weathers light olive gray (5Y 6/1); 
very fissile; very low resistance.

89.3

Cumulative
Thickness
in Meters

82.0

81.4

68.0

61.0
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Unit
No.

9

8

Member 3 

Member 2 

7

Member 2 

Member 1 

6

Thickness 
in Meters

Alternating microsparite and cal- 8.6
careous shale: medium dark gray
(N4); weathers light gray (N7) to 
light olive gray (5Y 6/1); thinly 
bedded; low resistance; shale com
poses about 30 percent of unit; 
limestone is highly nodular.

Alternating microsparite and 14.3
calcareous shale: dark gray (N3) to
grayish black (N2); weathers grayish
orange (10YR 7/4) to light olive
gray (5Y 6/1); thinly to medium
bedded; low to moderate resistance;
shale composes about 30 percent of
unit; limestone is highly nodular
and shows cross-laminations on
weathered surfaces; two horizons of
well bedded, nodular, black (Nl)
chert with yellowish gray (5Y 8/1)
halos are present in limestone beds at
41.1 and 48.8 meters.

Siliceous shale: brownish black 10.7
(SYR 2/1); weathers the same to light 
olive gray (5Y 6/1); very fissile, 
breaking into distinctive, thin, sharp, 
fragments; very low resistance; shows 
a total lack of any calcareous component.

Alternating microsparite and calcareous 7.0 
shale: medium dark gray (N4); weathers
light olive gray (5Y 6/1); thinly bedded; 
low resistance; shale composes about 25 
percent of unit and is often soft and 
marly; limestone is highly nodular.

Cumulative 
Thickness 
in Meters

60.4

51.8

37.5

26.8
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Unit
No.

5

4

3

2

1

Cumulative 
Thickness Thickness 
in Meters in Meters

Marly shale: yellowish gray
(5Y 8/1); weathers the same; thinly 
bedded; very low resistance.

Alternating microsparite and cal
careous shale: light brownish gray
(SYR 6/1) to grayish red (SR 4/2); 
weathers pale red (SR 6/2); thinly 
bedded; low resistance; shale com
poses about 50 percent of unit and 
becomes slightly marly in the upper 
half; limestone is highly nodular; 
moderately abundant crinoid hash is 
present in the upper 2.7 meters.

Calcareous shale: pale brown
(SYR 5/2); weathers pale yellowish 
brown (10YR 6/2); very fissile; very 
low resistance; horizontal lamina
tions visible on weathered surfaces.

Alternating microsparite and calcare
ous shale: medium dark gray (N4);
weathers light olive gray (5Y 6/1); 
thinly bedded; very low resistance; 
shale composes about 25 percent of 
total unit; limestone is highly 
nodular.

Calcareous shale: olive gray (5Y 4/1); 0.6 0.6
weathers dusky red (SR 3/4) to yellowish 
gray (5Y 7/2); very fissile; very low 
resistance; small scale folding very 
abundant.

Total of Portal Formation 104.5

2.7 19.8

9.4 17.1

3.1 7.7

4.0 4.6

Ordovician: El Paso Limestone (unmeasured):

Dolomite: medium bluish gray (SB 5/1); weathers light olive gray
(5Y 6/1); medium crystalline; thickly bedded; moderate resistance; 
slightly irregular contact with the overlying Devonian with a one cm. 
dark reddish brown (10R 3/4) to very dusky red (10R 2/2) to dark 
yellowish orange (10YR 6/6) lag deposit on the surface.
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Blue Mountain

NW% SW% sec. 20, T.16 S., R.31 E.; Section measured on northeast facing 
slope 1 kilometer southwest of Haystack. Strike N.48°W., Dip 66° SW.

Mississippian: Escabrosa Limestone (unmeasured):

Crinoidal biosparite: light olive gray (5Y 6/1); weathers yellowish
gray (5Y 8/1); thickly bedded; high resistance; total lack of any 
terrigenous component.

Devonian: Portal Formation:

Unit
No.

15

14

13

12

Cumulative
Thickness Thickness
in Meters in Meters

Biosparite: dark greenish gray 6.4 91.7
(5GY 4/1) to medium dark gray (N4);
weathers light olive gray (5Y 6/1)
to medium gray (N5); medium to thickly
bedded; high resistance; alternates
with thin interbeds of laminated,
calcareous shale composing about 5
percent of the total unit; fossils
present include crinoid and fenes-
tellid bryozoan hash.

Marly shale: yellowish gray (5Y 8/1); 1.8 85.3
weathers the same; very thinly bedded; 
very low resistance; extremely soft 
and porous.

Crinoidal biosparite alternating with 3.3 83.5
calcareous shale: light olive gray
(5Y 6/1) to medium gray (N5); weathers
yellowish gray (5Y 8/1) to medium gray
(N5); medium bedded; high resistance;
shale composes about 20 percent of total
unit.

Alternating microsparite and calcareous 3.1 80.2
shale: medium dark gray (N4) to dark
greenish gray (5GY 4/1); weathers medium 
light gray (N6) to light olive gray 
(5Y 6/1); thinly bedded; low to moderate 
resistance; shale composes about 30 per
cent of total unit; limestone is nodular
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Unit
No.

11

Thickness 
in Meters

and shows cross-lamination on weath
ered surfaces.

Crinoidal biosparite: medium dark 2.1
gray (N4); weathers medium gray (N5); 
very thickly bedded; very high resis
tance; unit composed of one massive 
limestone bed.

Member 4

Member 3

10 Alternating microsparite and calcareous 9.5
shale: medium dark gray (N4) to dark
greenish gray (5GY 4/1); weathers medium 
light gray (N6) to light olive gray (5Y 
6/1); thinly bedded; low to moderate 
resistance; shale composes about 75 per
cent of total unit; limestone is highly 
nodular; strophomenid brachiopods and 
crinoid debris present in several lime
stone horizons.

9 Calcareous shale: dark greenish gray 5.1
(5GY 4/1); weathers light olive gray 
(5Y 6/1); very thinly bedded; very low 
resistance.

8 Alternating microsparite and calcareous 6.1
shale: dark gray (N3) to medium dark
gray (N4); weathers light gray (N7) to 
greenish gray (5GY 6/1); thinly bedded; 
low to moderate resistance; shale com
poses about 50 percent of total unit; 
limestone shows cross-laminations on 
weathered surfaces; several horizons of 
well bedded, nodular, black (Nl) chert 
with yellowish gray (5Y 8/1) halos are 
present in limestone beds between 57.0 
and 59.7 meters.

Cumulative
Thickness
in Meters

77.1

75.0

65.5

60.4
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Unit
No.

Member 3 

Member 2

Cumulative
Thickness Thickness
in Meters in Meters

7 Siliceous shale: brownish black 11.3 54.3
(SYR 2/1); weathers same; very 
fissile, breaking into distinctive, 
thin, sharp, chips; very low resis
tance; lack of any calcareous com
ponent; lower contact is very 
abrupt with limestone of unit 6 and 
is slightly irregular, but with no 
evidence of any lag deposit; at 
45.7 meters there is a persistent 
three cm. horizon of limonitic 
material which is dark yellowish 
orange (10YR 6/6) to dusky brown 
(SYR 2/2); at 47.5 meters there is 
a 10 cm resistant horizon of non- 
fissile, siliceous material 
exhibiting the same colors as the 
shale above and below; the unit 
grades upward into the grayer cal
careous shales of unit 8.

Member 2

Member 1

6 Alternating microsparite and 8.3 43.0
calcareous shale: medium gray (N5)
to medium dark gray (N4); weathers 
light olive gray (5Y 6/1) to 
yellowish gray (5Y 8/1); thinly to 
medium bedded; low to moderate 
resistance; shale composes about 30 
percent of total unit; limestone is 
highly nodular and shows cross
laminations on weathered surface; 
isolated crinoid and brachiopod hash 
present.

5 Biosparite: grayish black (N2) to 2.7 34.7
medium gray (N5); weathers light 
gray (N7) to light olive gray (5Y 
6/1) to yellowish gray (5Y 8/1);
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Unit
No.

4

3

2

1

Thickness 
in Meters

medium bedded; moderate to high 
resistance; thin interbeds of cal
careous shale compose about 10 per
cent of the total unit; fossils 
present include abundant crinoid 
and brachiopod hash.

Alternating microsparite and 10.7
calcareous shale: medium light gray
(N6) to olive black (5Y 2/1); 
weathers light olive gray (5Y 6/1) 
to yellowish gray (5Y 8/1); thinly 
bedded; low resistance; shale com
poses about 50 percent of total 
unit; limestone is highly nodular 
and shows cross-laminations on 
weathered surfaces.

Alternating microsparite and 7.3
calcareous shale: olive black (5Y
2/1); weathers light olive gray 
(5Y 6/1) to medium bluish gray 
(5B 5/1); thinly bedded; low resis
tance; shale composes about 75 per
cent of total unit; limestone is 
highly nodular and shows cross
laminations on weathered surfaces; 
base of limestone bed at 14.0 meters 
contains small flute casts.

Calcareous shale and marl: olive 6.4
black (5Y 2/1); weathers pale olive 
(10Y 6/2); thinly bedded; very low 
resistance; cross-laminations visible 
on the few limestone nodules present.

Covered Interval: probably very 7.6
similar to unit 2.

Total of Portal Formation 91.7

Cumulative 
Thickness 
in Meters

32.0

21.3

14.0

7.6

Ordovician: El Paso Limestone (unmeasured):

Dolomite: medium bluish gray (5B 5/1); weathers light olive gray (5Y
6/1); medium crystalline; thickly bedded; moderate resistance.
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Apache Pass

SW^ NV& sec. 1, T.15 S., R.28 E.; section measured on southeast facing 
knoll just west of Siphon Canyon and 1% kilometers south of Lawhon 
Ranch. Strike N.49°W., Dip 55° SW.

Mississippian: Escabrosa Limestone (unmeasured):

Marble: yellowish gray (5Y 8/1); weathers very light gray (N8); very
coarsely crystalline; very thickly bedded; very high resistance.

Devonian: Portal Formation:

Cumulative
Unit Thickness Thickness
No. in Meters in Meters

5 Silty crinoidal biosparite alter- 1.2 71.3
nating with calcareous shale: medium
dark gray (N4); weathers yellowish 
gray (5Y 8/1); thinly bedded; low to 
moderate resistance; recrystallization 
in overlying Mississippian obvious in 
limestones of this unit; individual 
beds are very impersistent and very 
nodular.

4 Silty crinoidal biosparite: medium 12.8 70.1
dark gray (N4) to dark gray (N3); 
weathers pale yellowish brown (10YR 
6/2) to moderate yellowish brown 
(10YR 5/4) to medium gray (N5); 
thickly bedded; moderate resistance; 
recrystallization obvious in thin 
section; unit becomes siltier upwards; 
bedding is very nodular; crinoid hash 
is only visible on weathered surface.

3 Silty limestone: dark gray (N3); 22.6 57.3
weathers moderate yellowish brown 
(10YR 5/4) to medium gray (N5); 
medium crystalline; thickly bedded; 
moderate resistance; recrystalliza
tion very evident; very nodular 
bedding; cross-laminations visible 
on weathered surface; several horizons 
of very fine crinoid hash present;
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ostracods recovered from sample at 
36.9 meters in residue for conodonts.

Member 3

Cumulative
Unit Thickness Thickness
No. in Meters in Meters

Member 2

2 Slightly calcareous siliceous shale: 14.3 34.7
dark gray (N3); weathers pale 
yellowish brown (10YR 6/2); finely 
crystalline; thinly bedded; low to 
moderate resistance; horizontal 
laminations visible on weathered 
surface; unit is hornfelsic and very 
blocky in appearance from local con
tact metamorphism.

Member 2

Member 1

1 Silty limestone: dark gray (N3); 20.4 20.4
weathers medium light gray (N6) to 
light olive gray (5Y 6/1); finely 
crystalline; medium bedded; 
moderate to high resistance; 
recrystallization very apparent in 
thin section; very nodular bedding; 
cross-laminations visible on 
weathered surfaces.

Total of Portal Formation 71.3

Ordovician: El Paso Limestone (unmeasured):

Calcareous dolomite: medium dark gray (N4); weathers medium gray (N5)
to moderate yellowish brown (10YR 5/4); finely crystalline; thinly 
bedded; moderate to high resistance; very intensely folded in upper 
portions.
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