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DEVONIAN STRATIGRAPHY AND
CORRELATIONS IN SOUTHEASTERN ARIZONA

DIETMAR SCHUMACHER
Phillips Petroleum Company
Bartlesville, Oklahoma

INTRODUCTION

Devonian strata in southeastern Arizona comprise a com-
plex mosaic of interbedded dolomite, limestone, sandstone
and shale which is widely exposed in the many mountain
ranges of the area. Over the years, numerous names have been
proposed for the Devonian rocks in central and southeastern
Arizona based on lithologic and paleontologic characteristics
and geographic distribution. Most of these names seem to
apply to local faunal or facies zones and have not been recog-
nized by subsequent workers, but five formation names have
been widely adopted and remain in current usage. These are
the Martin, Swisshelm, Portal, Morenci and Percha forma-
tions. The nomenclatural history of these formations has been
reviewed by Pye (1959), Wright (1964), Teichert (1965) and
Pine (1968). All these formations are of Late Devonian age,
but their exact placement within the Upper Devonian has been
uncertain because diagnostic macrofossils frequently are rare
or absent. The age and correlation of the Martin and Percha
formations in southern Arizona was discussed by Schumacher
and others (1976); however the most complete regional
synthesis is that of Poole and others (1967). The most current
and comprehensive stratigraphic synthesis of Upper Devonian
depositional complexes in the western United States by Sand-
berg and Poole (1977) unfortunately does not include central
and southern Arizona within its study area; however, their
detailed maps and discussions are critical for anyone interested
in the Devonian or Mississippian of Arizona.

The purpose of this paper is to summarize the nomencla-
ture, dating and correlation of the Devonian formations of
southern Arizona. Most of the data and new interpretations
presented here are based on the results of recent stratigraphic
and biostratigraphic investigations of the Devonian System in
southern Arizona by Witter (1976), S. Meader (1976),
Schumacher and others (1976), N. Meader (1977), Boyd
(1978) and Schumacher and Witter (in preparation). The data
summarized here are based on 54 principal stratigraphic sec-
tions (fig. 1 and Table 1) distributed across an area of more
than 82,000 km:2 (36,000 mi) that extends from the Mexican
border north to the Salt River, and from the New Mexico
border west to the Vekol Mountains.

Conodonts have played a vital role in interpreting Devonian
stratigraphy. This has been made possible by significant ad-
vances in refining the Upper Devonian conodont zonation pro-
posed and emended by Zeigler (1962, 1971) (see Sandberg and
Poole, 1977, p. 148) and recent developments concerning our
understanding of conodant biofacies and paleoecology
(Seddon and Sweet, 1971; Sandberg, 1976; Schumacher,
1976; Klapper and Barrick, 1978). The standard Upper Devo-
nian conodant zonation now consists of 28 zones, some of
which can be subdivided laterally into 3-5 biofacies. The appli-
cation of this highly refined zonation in southern Arizona has
greatly clarified age relations and correlations within the
Upper Devonian.

STRATIGRAPHY AND CORRELATION
Martin Formation

Upper Devonian rocks throughout most of southern Ari-
zona are assigned to the Martin Formation. Ransome (1904)
proposed the name Martin Limestone for a predominantly car-
bonate sequence between the Cambrian Abrigo Formation and
the Mississippian Escabrosa Limestone in the Bisbee area. Sub-
sequently the name Martin Formation has been applied to
equivalent strata in southern and central Arizona by Ransome
(1916), Stoyanow (1936) and Huddle and Dobrovolny (1952).
Teichert (1965) subdivided the Martin Formation of central
Arizona into the Beckers Butte Sandstone Member and the
overlying Jerome Member. The Jerome was further subdivided,
in ascending stratigraphic order, into the fetid dolomite unit,
the aphanitic dolomite unit and a lithologically heterogeneous
upper unit. Pine (1968) extended Teichert's subdivisions into
south-central Arizona. Schumacher and others (1976) demon-
strated that part of Teichert's upper unit is considerably
younger than the remainder of the Martin Formation and in
fact disconformably overlies typical Martin strata in much of
southeastern Arizona, locally resting directly on Cambrian or
Ordovician strata. Schumacher and others (1976) recom-
mended these strata be removed from the Martin Formation
and assigned to the Percha Formation. This recommendation is
followed here since the Martin Formation, thus restricted,
forms a more natural stratigraphic unit and can be recognized
throughout the study area. Based on the invertebrate macro-
fossils and conodonts, the Martin Formation is assignable to
the lower Upper Devonian (Frasnian), although the basal beds
may locally be slightly older (Stoyanow, 1936; Ethington,
1965; Witter, 1976; Schumacher and others, 1975; N. Meader,
1977).

Percha Formation (Arizona)

Schumacher and others (1976) proposed the name Percha
Formation for a sequence of slope-forming shales and silt-
stones with overlying ledgy carbonates that occurs above the
Martin Formation and is well developed in the Mescal, Drip-
ping Spring and Galiuro mountains. Sandstone replaces all or
part of the shale unit of the Percha Formation in the Whet-
stone, Rincon, Santa Catalina, Slate and Vekol mountains.
Stoyanow (1936) first recognized the distinctive nature of
these strata and proposed they be assigned to a separate forma-
tion, the Lower Ouray Formation, because of the presence of
the brachiopod Paurorhyncha endlichi, which is common in
the lower Ouray Limestone of southwestern Colorado. Be-
cause Stoyanow's Lower Ouray Formation was defined by its
faunal characteristics rather than by its lithologic and strati-
graphic characteristics, the name was never accepted and sub-
sequent workers included these strata within the Martin
Formation. Because Stoyanow's name was invalid, Schu-
macher and others (1976) proposed the name Percha Forma-
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tion for this unit because of its lithologic similarity to the
Percha Shale (Box Member) of New Mexico with which it
correlates. The present study confirms that these strata do
indeed form a lithologically distinct, mappable unit which can
be recognized over most of southern Arizona. Conodonts and
rhynchonellid brachiopods independently suggest an upper
Upper Devonian (Famennian) stratigraphic assignment for the
Percha Formation (Stoyanow, 1936; Stainbrook, 1947;
Ethington, 1965; Witter, 1976; S. Meader, 1976; Schumacher
and others, 1976; Schumacher and Witter, in preparation).

Swisshelm Formation
Upper Devonian strata in the Swisshelm and Pedregosa
mountains have been assigned to the Swisshelm Formation by
Epis and others (1957). Lithologically, the Swisshelm Forma-

SCHUMACHER
tion most closely resembles the Martin Formation, differing
only in the predominance of sandstone and siltstone over car-
bonate rocks and shale. The upper one-third of the formation
is largely impure limestone and shale, whereas quartz sand-
stone, siltstone and minor dolomitic limestone predominate in
the lower two-thirds. Both conodonts and macrofossils indi-
cate that the lower two-thirds of the formation is assignable to
the uppermost Middle Devonian to lower Upper Devonian
(upper Givetian to Frasnian). The upper third of the formation
has yielded an upper Upper Devonian (Famennian) conodont
fauna (Schumacher and Witter, in preparation; Boyd, 1978).

Portal Formation
Sabins (1957) assigned the name Portal Formation to a
sequence of interbedded calcareous and siliceous shales and
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Figure 1. Map of southeastern Arizona showing locations of Devonian sections listed in Table ].



DEVONIAN STRATIGRAPHY AND CORRELATIONS

LOCALITY
1. Mount Martin
2. Black Gap
3. Leslie Pass
4. Castle Dome
5. Boss Ranch
6. Portal
7. Blue Mountain
8. Apache Pass
9. Dos Cabezas
10. Gunnison Hills
11. Little Dragoons
12. Johnny Lyon Hills
13. Cochise Stronghold
14. Black Diamond
15. Tombstone Hills
16. Dry Canyon
17. J-6 Ranch
18., Colossal Cave
19. Buehman Canyon
20. Peppersauce Wash
21. Picacho de Calero
22. Waterman Mountains
23. Slate Mountains
24. Vekol Mountains
25. Putnam Wash
26. Holy Joe Peak
27. Brandenburg Il
28. Brandenburg |
29. Kelley Camp
30. Tortilla Mountains
31. Saddle Mountain
32. Aravai pa
33. Copper Reef Mountain
34. Coolidge Dam
35. Tornado Peak
36. Steamboat Mountain
37. Highway 77
38. Ranch Creek
39. Ray
40. Superior
41. Roblas Canyon
42. Sleeping Beauty
43. Pinal Creek
44. Job Corps Camp
45. Windy Hill
46. Roosevelt Dam
47. Seven Mile Creek
48. Flying V Canyon
49. Black River
50. Calva
51. Point of Pines
52. Highway 666
53. Morenci
54. Ash Spring Canyon

Table 1. List of Localities

THICKNESS IN METERS

FRASNIAN FAMENNIAN

117 23
67 21
102 61
105 64
72 53
30 73
38 59
18 55
21 46
75 8
74 10
64 17
81 0
83 0
55 15
101 21
52 18
73 15
55 22
44 46
102 0
103 0
55 16
61 1
11 39
9 57

9 75
18 58
0 33

0 30

0 49

0 43

0 43
27 15
65 34
92 36
98 27
94 17
114 14
107 10
119 20
113 16
71+ 15
114 19
97+ 20
115 18
66 13
95 15
99 8
0 0

0 69

0 43
32 32
17 37
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limestone exposed in the Chiricahua and Dos Cabezas moun-
tains. Sabins further subdivided the formation into four mem-
bers. In ascending stratigraphic order, these are: Member 1,
calcareous gray shale and thin-bedded to nodular gray micritic
limestone; Member 2, black siliceous shale; Member 3, calcar-
eous gray shale and thin-bedded to nodular gray micritic lime-
stone; and Member 4, thick-bedded biosparitic limestone with
thin intervals of gray shale. The Portal Formation is litholog-
ically intermediate between the Percha Shale to the east and
the Martin and Swisshelm formations to the west and south.
Diagnostic macrofossils are scarce, but conodonts have been
recovered from three of the four members. Member 1 is assign-
able to the lower Upper Devonian (Frasnian) and is possibly
entirely of late Frasnian age (Ethington, 1965; Schumacher
and Witter, in preparation). Members 3 and 4 have yielded
conodonts indicative of the upper Upper Devonian (Famen-
nian). Member 2 has not yet yielded diagnostic fossils, but
regional stratigraphic relations and its gradational contact with
Member 3 suggest it is of Famennian age.

Morenci Formation

The Morenci Formation was proposed by Lindgren (1905)
for Upper Devonian strata in the Clifton-Morenci area of Ari-
zona. The upper 30-50 m is an olive-brown to reddish-brown
shale called the Morenci shale, and the lower 15-30 m is an
argillaceous limestone named the Morenci limestone. The lime-
stone, which may be locally absent, has yielded a lower Upper
Devonian (Frasnian) conodont fauna (Schumacher and others,
1976). The shale is unfossiliferous, but regional stratigraphic
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relations suggest it correlates with the shale member of the
Percha Formation to the west and with the Percha Shale to the
east in New Mexico.

Percha Shale (New Mexico)

Gordon (1907) assigned the name Percha Shale to Devonian
strata in the Kingston-Hillsboro-Lake Valley district of south-
western New Mexico. Stevenson (1945) divided the Percha
Shale into a lower Ready Pay Member consisting predom-
inantly of fissile black shale and an upper Box Member consist-
ing of yellowish to greenish-gray shales with overlying lime-
stone nodules and shaly limestones. Diagnostic fossils are rare
in the Ready Pay Member, but Sandberg (1975, personal
commun.) has reported conodonts indicative of the upper
Grasnian Palmatolepts gigas Zone. Brachiopods (Stainbrook,
1947; S. Meader, 1976) and conodonts (Sandberg, 1976) from
the Box Member independently indicate assignment to the
upper Upper Devonian (Famennian).

DEPOSITIONAL COMPLEXES

Figure 2 summarizes the age, correlation and stratigraphic
nomenclature of Devonian rocks in southeastern Arizona and
southwestern New Mexico. It can be seen from Figure 2 that
Devonian strata in the study area can be naturally grouped
into two Upper Devonian depositional complexes separated by
a major regional unconformity of mid-Late Devonian age.

Lower Depositional Complex
The lower Upper Devonian (Frasnian) depositional complex
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Figure 2. Age, correlation and stratigraphic nomenclature of Devonian rocks in southeastern Arizona and southwestern New
Mexico. “X’s” indicate conodont zones identified in southern Arizona. Stratigraphic columns are generalized and diagrammatic.




DEVONIAN STRATIGRAPHY AND CORRELATIONS

consists chiefly of limestone and dolomite with generally
minor but increasing amounts of sandstone and shale south-
eastward. It includes the Martin Formation (restricted), the
limestone unit of the Morenci Formation, the lower two-thirds
of the Swisshelm Formation and the lower one-third of the
Portal Formation. Paleoenvironments represented by the rocks
of the lower depositional complex range from fluvial and tidal
flat to lagoonal and carbonate platform with small patch reefs.
Deep basinal muds are rare but may be represented within the
Portal Formation and Morenci limestone.

Upper and lower contacts of the lower depositional com-
plex appear conformable in outcrop sections, but a significant
hiatus is represented by each. Basal deposits of the lower
depositional complex range in age from latest Middle Devonian
or earliest Late Devonian (late Givetian-early Frasnian) over
much of southern Arizona to late Frasnian in the Clifton-
Morenci area and possibly also in the Chiricahua-Dos Cabezas
mountains. The hiatus represented by the lower contact
includes most of the Devonian as well as all or part of the
Silurian, Ordovician and Cambrian. Regional relations empha-
size this unconformable relationship since the lower deposi-
tional complex overlies progressively younger rocks eastward:
Precambrian in the Globe-Superior area, Cambrian at most
localities between Winkelman and Bisbee, Lower Ordovician in
the Swisshelm-Dos Cabezas-Morencia area, and Upper Ordovi-
cian near Clifton. The uppermost beds of the lower deposi-
tional complex are almost everywhere of late Frasnian age
(Palmatolepis gigas Zone). The hiatus represented by the upper
contact encompasses about one-half of the Late Devonian.
Throughout much of the study area the upper contact is repre-
sented by a hematitic pavement overlain by basal sand or con-
glomerate of the upper depositional complex.

The isopach map of the lower depositional complex (fig. 3)
reveals the presence of a relatively narrow, east- and northeast-
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Figure 3. Isopach map of lower depositional complex showing
thickness in meters, dashed where inferred. Contour intervals
25, 50 and 100 m. Small numbers are localities listed in Table
1.
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trending positive element extending from Winkelman to the
Clifton-Morenci area. This positive element exposed Cambrian
(localities 29-32) and Lower Ordovician (localities 51-52)
strata at the surface during the Frasnian. In this regard it is
particularly noteworthy that Witter (1976) has recovered
abraded Lower Ordovician conodonts from a sandstone at the
top of the Martin Formation on Holy Joe Peak (locality 26).
The 0-isopach that outlines the positive element could repre-
sent the depositional limit of the lower depositional complex
or it could be the result of subsequent erosion. The relatively
uniform spacing of the contours and their general shape sug-
gests that the 0O-isopach approximates the strand line, or
depositional limit, for most of its length. South, west and
northwest of the positive area the thickness of the lower
depositional complex increases rapidly to 100 m and more.
This maximum thickness does not necessarily reflect a more
offshore location or deeper water sedimentation, for N.
Meader (1977) has documented that approximately one-third
of the total thickness of the Roosevelt Dam section (locality
46) represents intertidal and supratidal deposits, and most of
the remainder, shallow subtidal.

Fossils diagnostic of the lower depositional complex include
stromatoporoids; the corals Hexagonaria, Pachyphyllum,
Coenites, the brachiopods Atrypa, Spinatrypa, Stropheodonta,
Theodosia; and the conodonts Ancyrodella, Ancyrognathus,
Icriodus (I. alternatus, I. symmetricus), Palmatolepis (P. pro-
versa, P. foliacea, P. subrecta, P. gigas), Polygnathus (P. pen-
natus, P. norrnalis, P. asymmetricus).

Upper Depositional Complex

The upper Upper Devonian (middle-upper Famennian)
depositional complex consists chiefly of yellowish-green to
gray to black shales and overlying carbonates; however sand-
stones increase at the expense of shales at the more western
localities. It includes the Arizona part of the Percha Forma-
tion, the shale unit of the Morenci Formation, the upper one-
third of the Swisshelm Formation and the upper two-thirds of
the Portal Formation. Paleoenvironments represented by the
rocks of the upper depositional complex range from tidal flat
(?) and lagoonal to carbonate platform. Deep basinal muds, if
present, are restricted to the Portal Formation. The petrology
and environments of deposition of the Percha Shale in south-
western New Mexico have recently been described by Kocurek
(1977).

Upper and lower contacts of the upper depositional com-
plex appear conformable in outcrop sections, but a significant
hiatus is represented by each. The basal deposits of the upper
depositional complex are generally shale or sandstone, and at
many localities they directly overlie a hematitic pavement. The
quartz sandstone and siltstone above this pavement contains
pebbles of quartz, phosphatic pellets and nodules, abraded fish
bones and teeth, and occasional abraded brachiopods and
corals from the underlying formation (localities, 2, 3, 26-28,
37). These basal deposits range in age from the middle Famen-
nian Scaphignathus ve/ifer Zone (Galiuro and Mescal Moun-
tains) to the late Famennian Polygnathus styriacus Zone (Slate
and Vekol mountains). The hiatus represented by the lower
contact includes about one-half of the Late Devonian, or
approximately 12 conodont zones (Witter, 1976; Schumacher
and Witter, in preparation). This unconformable relationship is
more evident when one examines regional stratigraphic rela-
tions, since the upper depositional complex rests on strata
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ranging in age from early Late Devonian (most sections), to
Early Ordovician at localities near Morenci (localities 51, 52),
to Late Cambrian east of Winkelman (localities 29-33). The
uppermost beds are almost everywhere assignable to the late
Famennian Polygnathus styriacus Zone; however the lower
part of the overlying Bispathodus costatus Zone may be
locally present in the Galiuro and Chiricahua mountains. The
upper contact can be difficult to place on purely lithologic
criteria since the uppermost carbonates frequently consist of
light-gray Escabrosa-like limestones. A thin sandstone occurs
at the base of the Escabrosa at some localities, or at the top of
the Percha Formation at others. In the absence of this sand-
stone the precise location of the upper contact becomes some-
what subjective. Despite the frequent lack of physical
evidence, faunal evidence indicates that the upper contact rep-
resents a significant hiatus, including the latest Devonian and
most or all of the Early Mississippian (Witter, 1976; Schu-
macher and Witter, in preparation). Additionally, recent bio-
stratigraphic investigations of the Mississippian by Purves
(1978) indicate that this hiatus increases in magnitude north-
ward.

The isopach map for the upper depositional complex (fig. 4)
reveals some striking differences from the Frasnian pattern.
Examination of the two isopach maps reveals that maximum
Famennian thickness occurs where Frasnian strata are greatly
thinned or absent and indicates an almost complete reversal of
upwarping and downwarping in southern Arizona during the
early to middle Famennian. The 0-isopach in the western part
of the map area appears to approximate the western deposi-
tional limit of the upper depositional complex, since nearby
sections are thinner and sandier than sections elsewhere. North
of the Clifton-Morenci area and to the south in the Dragoon
Mountains, the 0-isopach appears to be due largely to pre-
Mississippian erosion of upper depositional complex shales.

Fossils diagnostic of the upper depositional complex include
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Figure 4. Isopach map of upper depositional complex showing
thickness in meters; dashed where inferred. Contour intervals
10, 25 and 50 m. Small numbers are localities listed in Table 7.
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the sponge Ensiferites; the brachiopods Paurorhyncha, Leio
productus, Syringospira, Cyrtospirifer (C. kindle/); and the
conodonts Bispathodus, Icriodus (I. costatus), Palmatolepis (P
distorta, P. perlobata, P. rugosa), Polygnathus (P. communis,
P. homoirregularis, P. nodocostatus, P. perplexus. P. semicos-
taws).

SUMMARY AND CONCLUSIONS

The Late Devonian history in southern Arizona consists of
two major depositional cycles separated by an interval of
epeirogenic uplift and erosion. The lower Upper Devonian
(Frasnian) depositional complex includes the Martin Forma-
tion, the limestone unit of the Morenci Formation and parts of
the Swisshelm and Portal formations and correlates at least in
part with the Ready Pay Member of the Percha Shale in New
Mexico. The upper Upper Devonian (Famennian) depositional
complex includes the Arizona part of the Percha Formation,
the shale unit of the Morenci Formation, the upper one-third
of the Swisshelm Formation and the upper two-thirds of the
Portal Formation and correlates with the Box Member of the
Percha Shale of New Mexico.

The Frasnian depositional complex was widely deposited
across the western continental shelf and adjacent cratonic plat-
form, including southern Arizona, during Taghanic onlap. The
withdrawal of late Frasnian seas from Arizona coincides with
an early pulse of the Antler orogeny and the formation of the
Pilot basin in eastern Nevada and western Utah (Sandberg and
Poole, 1977). Marine sedimentation resumed in southern
Arizona in the latter part of the Famennian as increased Antler
orogenic activity displaced the seaway eastward across the
cratonic platform. This synchroneity of orogenic and trans-
gressive events, previously discussed by Johnson (1971) and
recently reviewed by Sandberg and Poole (1977), appears to
have considerably influenced the character and distribution of
the Arizona Devonian.
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