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Upper Devonian-Lower Mississippian conodont biostratigraphy
and depositional patterns, southwestern New Mexico

and southeastern Arizona
by Darrett Moore, Qil Conservation Division, New Mexico Energy and Minerals Department, Artesia, NM 88210, and James E' Barrick, Depaftment of Geosciences'

Texas Tech University, Lubbock, TX 79409

Introduction

Upper Devonian and Lower Mississippian
strata in southwestem New Mexico com-
prise more than 2fi) m of fine terrigenous
ilastics and marine carbonates. Although
excellent exposures exist in many of the
mountain ranges of New Mexico and adja-
centArizona, the discontinuous outcrop pat-
tem of Paleozoic rocks, a product of Mesozoic
and Cenozoic tectonics, has hindered accu-
rate reconstruction of original depositional
patterns. This region has special paleogeo-
graphic significance, for here two different
Lower Mississippian carbonate shelves

(Lane, 1982; De Keyser, 1983; De Keyser et
al., 1985) and has been interpreted to extend
as far west as the Silver City area of New
Mexico (Fig. 1, BM). In southeastern Arizona
a different combination of depositional fac-
tors produced a thick Mississippian carbon-

ate package that has been called the Escabrosa
Shelf (Gutschick and Sandberg, 1983)' The
Escabrosa Shelf has been traced as far east
as the Klondike Hills, New Mexico (Arm-
strong, 1970), south of the supposed western
extent of the Lake Valley Shelf.

Because of apparent differences in the lith-
ologic succession between the Lake Valley
Shelf and the Escabrosa Shelf, direct corre-

Mississippian sequence.
Recenl work on depositional patterns and

conodont faunas in Upper Devonian and
Lower Mississippian strata in southwestern
New Mexico prbvides a clearer picture of the
timing of depositional events in the region
and reconstruction of paleogeographic fea-
tures. The focus of this work is a new inter-
pretation of the depositional sequence_in the
Upper Devonian Percha Formation and Lower

Mississippian Escabrosa Group at,the Mescal
Canyon- section in the Big Hatchet Moun-
taini. Conodont faunas obtained from the
Mescal Canyon section permit new,correla-
tions from lhe Escabrosa Shelf to the Lake
Valley Shelf.

Mescal CanYon section,
Big Hatchet Mountains

Previous studies

New Mexico, Armstrong (1962) presented
information on the shatigraphic distribution
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of macrofossil taxa in the Escabrosa Group
in Mescal Canyon. In that publication, Arm-
strong proposed that the Escabrosa Lime-
stone of Girty (1904) be elevated to group
status and divided into two formations. The
lower formation, the Keating Formation,
comprises a sequence of encrinites and cal-
cilutites that rests unconformably on Upper
Devonian units. The overlying Hachita For-
mation is a massive encrinite unit. The type
section for both formations is at Blue Moun-
tain, in the Chiricahua Mountains of south-
eastern Arizona (Fig. 1, BL). Eastward from
the Chiricahua Mountains, including the Big
Hatchet Mountains, the Keating Formation
was divided by Armstrong (1962) into two
members. Member A consists of a basal unit
of coarse encrinite, 15 m thick at most sec-
tions, that is overlain by dark-gray lime-
stones with minor amounts of nodular chert.
Member B comprises thinlybedded dark-gray
limestone characterized by significant quan-
tities of chert occurring as lenticular and
nodular masses.

At the Mescal Canyon section in the Big
Hatchet Mountains, ihe base of Member A
of the Keating Formation was depicted as
resting unconformably on the argillaceous
carbonates of the Upper Devonian Portal
Formation (Armstrong, 1952, figs. 2 and 3,
plate in pocket). No precise lithologic bound-
ary was described or indicated, but the illus-
hated faunal dishibutions (figs. 2 and 3) show
that Mississippian fossils appear abruptly in
the section at a level approximately 175 m

I . T =
f f i  L imestone,  cher ty

f f i  L imestone, oot i t ic -  M u d s t o n e

f f i |  L imestone,  o rg i l loceous

FIGURE 2-Stratigraphic column of Upper Devonian and Lower Mississippian strata at the Mescal
canyon section (NE1/a sEr/+ sec. 29, rc03, Rr5w) in the Big Hatchet Mounia'ins, New Meico. ,,older

Y"_.f 1 
.*it primarily to PaPers by Armstrong and Mamei(1978a, 7978b) and Armstrong et al. (19g0).

Kanges of imPortant conodont species are shown as are ages inferred from conodont diitribution.
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below the top of the Keating Formation, or
near the prominent oolitic limestone shown
in Figure 2. Armstrong (1962) reviewed ear-
lier arguments regarding the age of the Esca-
brosa Group, most of which assigned at least
the lower part to the Kinderhookian. Brach-
iopods and corals reported from Member A
of the Keating Formation at Mescal Canyon
by Armstrong (1962) included species that
characterize both Kinderhookian and Osa-
gean strata elsewhere. Member B of the Keat-
ing Formation contained typical Osagean
forms.

Zeller (1955) provided the first detailed
lithologic description of the Devonian-Mis-
sissippian succession at Mescal Canyon.
A l though he  re jec ted  the  s t ra t ig raph ic
nomenclature of Armstrong (1952) on the basis
of a lack of mappability, Zeller (1965) rec-
ognized three informal members of the Esca-
b r o s a  L i m e s t o n e .  T h e  u p p e r  m e m b e r
corresponds to the Hachita Formation of
Armstrong and the middle member is the
cherty Member B of the Keating Formation.
The lower member of ZelIer, however.
extended nearly 50 m below the base of
Member A of the Keating Formation as used
by Armstrong (1962). Zeller could find no
l i thologic evidence for an unconformity
between the Upper Devonian Percha For-
mation and the Mississippian Escabrosa
Limestone. He placed the base of the Esca-
brosa at the point where carbonates began
to dominate the section, just above a deeply
weathered dike that cuts the section. Lacking
any faunal evidence to the contrary, ZeIler
(1955) proposed that deposition may have
been continuous from the Late Devonian into
the Early Mississippian. Neither Armstrong
(1962) nor Zeller (1965) reported any diag-
nostic faunal elements from the interval that
lies between their respective bases of the
Escabrosa Group.

Kocurek (1977), during a study of the sed-
imento logy  o f  the  Percha Format ion  in
southwestern New Meico, also failed to
detec t  any  obv ious  break  in  depos i t ion
between the Devonian and Mississippian at
the Mescal Canyon section. Kocurek arbi-
trarily chose the base of the oolitic limestone
used by Armstrong (1962) to mark the base
of the Escabrosa Group as the level at which
to terminate his study, but Kocurek did not
attribute any special sedimentological sig-
nificance to this occurrence.

Armstrong and Mamet (I978a) formally
named Armstrong's (1952) Member A and
Member B of the Keating Formation, the Bugle
and Witch members, respectivelv. The Mes-
cal Canyon section was chosen to be the type
section for both members. Armstrong and
Mamet (1978a) described the Bugle Member
as a massively bedded bryozoan-echino-
derm to ooid packstone and wackestone, and
argillaceous, crinoidal-bryozoan packstone
that rests with sharp contact on the yellow-
gray calcareous shale of the Box Member of
the Percha Formation. The base of the Bugle
Member (and Keating Formation) at the type
section was placed 35 m below where Arm-
strong (1962) had originally placed the base

FIGURE 3-Composite conodont zonation for
Upper Devonian through Lower Mississippian
strata as used in this report. Upper Devonian zones
are derived from Ziegler and Sandberg (1984), Kin-
derhookian zones from Sandberg et al. (1978), and
Osagean zones from Lane et al. (1980).

of the Keating Formation and 15 m above
the level where Zeller (1955) placed the base
of the Escabrosa Limestone. Less than a meter
below the Bugle-Box contact a brachiopod
fauna had been obtained that was identified
by Dutro (in Armstrong and Mamet, t978a,
p. 92), who indicated that it was probably
middle Famennian (Late Devonian) and that
it had been described by Stainbrook (1947)
from the Box Member of the Percha at other
localities. The Bugle Member was given a
late--early to early-middle Tournaisian age
(approximately the Kinderhookian-Osagean
boundary) based on Armstrong's (1962) faunal
collections (now 30 to 50 m above the base
of the Bugle) and a microfossil assemblage
(foraminifera) of pre-Zone 7 age found by
Mamet 68 to 70 m above the base.

Conodont biostratigraphy
During the spring of 1983 the authors, with

the assistance of Thomas De Kevser, Mara-
thon Oil Company, and Sam Thompson, New
Mexico Bureau of  Mines and Mineral
Resources, redescribed the Upper Devon-
ian-Lower Mississippian succession at Mes-
cal Canvon and sampled for conodonts.
Originaliy, the stratigraphic boundary pro-
posed byArmstrong and Mamet (1978a) was

used, but the conodont faunas obtained indi-
cate that a reinterpretation of the sequence
is necessary (Fig. 2).

Based on conodont faunas, the break
between the Devonian and Mississippian
Svstems at Mescal Canvon lies at the base of
the distinctive oolitic limestone originally used
by Armstrong (1962) to mark the base of the
Escabrosa Group. Below this oolitic horizon
are conodont faunas characterized by ele-
ments of Polygnathus semicostatus and "Icriodus"
raymonili. Both species are characteristic of
the Late Devonian (Famennian), but"l." ray-
mondihas the shorter range (Uppermostmar-
ginifuaZone through the Middle expansaZone
of the standard conodont zonation, Sand-
berg and Dreesen, L9M, frg.3; Fig. 3 herein).
A sample from the base of the Escabrosa
Group as used by Armstrong and Mamet
(1978a; Fig. 2, herein) also contains Bispatho-
dus costatus and B. aculeatus. The ranges of
both species begin in the Mddle expansa Zone
and extend higher; B. aculeatus extends into
the Mississippian and B. costatus into the
Middle praesulcata Zone, near the end of the
Devonian. The interval from the base of the
Escabrosa Group of Armstrong and Mamet
to the base of the oolitic limestone can be
assigned to the Middle expansa Zone, indi-
cating a late, but not latest Famennian age.
We recommend that this interval be desig-
nated informally as an upper l imestone
member of the Percha Formation (Fig. 2).
Samples from underlying beds have yielded
less diagnostic Famennian conodonts.

Conodont faunas from the oolitic lime-
stone and the overlying 55 m of coarse cri-
noidal packstones and grainstones of Unit 1
of the Bugle Member (Fig. 2) are character-
izedby elements of Polygnathus communis, P.
inornatus, P. longiposticus, and P. symmetricus.
Two species of Siphonodella, S. obsoleta and S.
isosticha, occur in the lower two-thirds of this
interval. The co-occurrence of these two spe-
cies permits this interval to be assigned to
the Early Mississippian, late Kinderhookian
isosticha-Upper crenulata Zone (Sandberg et
al.,1978; Fig. 3 herein). A substantial hiatus,
encompassing the latest Devonian and most
of the Kinderhookian exists at the base of the
oolitic limestone.

Dark-gray argillaceous wackestones rest
with sharp contact on the light-gray coarse
crinoidal carbonates at Mescal Canvon (Unit
2 of the Bugle Member, Fig. 2). Aithough a
sharp lithologic contact is present, no hiatus
can be identified from the conodont faunas.
Because a sample just above the contact
yielded a small fauna containing Siphonodella
isosticha, the base of the argillaceous wacke-
stone belongs to the isosticha-Upper crenulata
Zone. A few meters higher appears a cono-
dont fauna dominated by Polygnathus com-
munis communis, and bearing P. c. carina,
Gnathodus punctatus, and an early morpho-
type of G. cuneit'ormis (morphotype 1 of Lane
et al., 1980). This combination of species is
characteristic of the Lower typicus Zone (Lane
et al., 1980) and Faunal Unit 3 of Lane (1974,
1982), which are thought to be early Osagean
in age (Fig. 3).

Nao Merico Ceology May 1988



The base of the Witch Member. as defined
by Armstrong and Mamet (1978a),l ies at the
point where significant quantities of chert
occur as lenticular and nodular masses. As
so defined, the base of the Witch Member
can be placed about27 m above the base of
the argillaceous wackestones of Unit 2 of the
Bugle Member. The conodont fauna from the
Iower part of the Witch Member is similar to
that of Unit 2 of the Bugle Member but has
somewhat greater diversity and abundance.
Polygnathus communis strongly dominates the
collections, and P seudopoly gnathus multistria-
fas morpholype 1 and Gnathodus species are
present. Although few short-ranging species
were recovered (Fig. 2), the cherty carbon-
ates assigned to the base of the Witch Mem-
ber by Armstrong and Mamet (l971a) appear
to lie within the Lower typicusZone. Samples
from higher in the Witch Member yielded
small conodont faunas dominated by p. com-
munis, which lack diagnostic forms. Pseudo-
polygnathus oxypageus, which appears at the
base of the Upper typicus Zone,-occurs in the
middle of the Witch Member (Fig. 2).

No zonal  d iagnost ic  conodbnts were
obtained from the uppermost beds of the
Witch Member or the lower beds of the over-
lying Hachita Formation. Armstrong and
Mamet (I978a) reported a foraminiferal
assemblage of Zone 7 (Osagean) from the
upper 4 m of the Witch Member at Mescal
Canyon. Armstrong and Mamet (1928a) did
n9t fi1{ diagnostic fossils in the lower part
of the Hachita Formation, but the uppermost
20 m of the Hachita Formation w-eie inter-
preted to be late Meramecian in age on the
basis of foraminifera and brachiopods.

Depositional history
Three Upper Devonian and Lower Missis-

sippian depositional sequences can be iden-
tified at the Mescal Canyon section: 1) an
Upper Devonian (Faminnian)  shoal ing
lequence; 2) a Lower Mississippian (upper
Kinderhookian) sequence of coirse-grairied
skeletal grainstones that rest unconformably
on the Upper Devonian carbonates; 3) air
Osagean shoaling sequence that formed after
a rapid submergence in the latest Kinder-
hookian.

Upper Devonian shoaling sequence-At
Mescal Canyon, the Box Membeiof the per-
cha Formation comprises unfossiliferous ter-
rigenous mudstones that contain occasional
layers of carbonate nodules. Few skeletal
remains are apparent in the nodules; artic-
ulated ostracodes and sponge spicules are
the most common components-. The fre-
quency and thickness of carbonate interca-
lations increase toward the top of the Box
Member.

The base of the upper limestone member
is placed where the proportion of carbonate
beds abruptly predominates over that of the
terrigenous mudstones. The boundary rec-
ognized here coincides with the level at which
Zeller (1965) placed his base of the Escabrosa
Group, just above a deeply weathered dike
that cuts through the section. The lower part

of the limestone member contains skeletal
wackestones in layers 3 to 5 cm thick, inter-
bedded with yellow-brown to gray terrigen-
ous mudstones. Higher in the section the
proportion of carbonates increases and skel-
etal packstones and grainstones become
common. A diverse fauna of pelmatozoans,
bryozoans, brachiopods, and ostracodes are
represented by their skeletal grains. Locally,
oolitic limestone and beds bearing intraclasts
of terrigenous mudstones occur. The upper-
most beds of the upper carbonate member
are almost free of fine terrigenous clastics,
and skeletal grains, mostly pelmatozoan and
bryozoan debr is ,  a re  bad ly  b roken and
abraded.

The overall facies transition from the Box
Member to the top of the upper carbonate
member represents a gradual shift from a
low-energ'y environment ch aracteilzedby fine
terrigenous muds to a high-energy carbon-
ate-shoal setting. Kocurek (1977) proposed
that this lithofacies transition was the result
of a change from a shallow-water lagoon and
tidal flat dominated by terrigenous muds to
an offshore carbonate platform. His argu-
ments for a shallow-water origin for the Box
mudstones are based largely on the sequence
of sedimentary structures that charaiterize
the facies transition; however. manv of the
sedimentary structures provide 

- largely

equivocal evidence. Regional stratigraphic
relations (e.g. Kottlowski, 1963) suggest that
the Box mudstones may have accumulated
in subtidal environmenis.

Conodont biofacies in the upper part of
the Percha Formation at Mescal Canyon do
not provide any clear indication of the dep-
ositional setting of the Percha mudstones.
No conodonts were recovered from carbon-
ate nodules in the Box Member. Sparse faunas
characterized by small carminate elements
appear in the lower part of the upper lime-
stone member, associated with small inde-
terminate icriodids. Samples from the upper
two-thirds of the upper limestone member
are dominated by elements of Polygnathus
semrcostatus and "Icrioilus" raVmondi and lesser
numbers of P. communis, Biipathodus species,
other species with carminate elemenls, and
Apatogrnthus elements. This association is like
that of the polygnathid-"icriodid" biofacies
of Sandberg and Dreesen (1984, frg.6). These
authors proposed that the polygnathid-
"icriodid"biofacies is typical of normal marine,
shaUow-water, outer-shelf environments. This
interpretation applies well to the greater part
of the upper limestone member of the Per-
cha. Unfortunatelv, conodont faunas from
the basal portion of the upper limestone
member lack conodont species that would
indicate a deeper water environment (e.g.,
Palmatolepis species) or nearshore environ-
ments (e.g., Pandorinellina or Clydngnathus
species, Sandberg and Dreesen, t984).

Upper Kinderhookian shallow-water car-
bonate sequence-After a malor hiatus that
included most of Kinderhookian t ime, shal-
low-water, high-energy environments again
characterized the region. At the base of the
sequence lies a prominent 3-m-thick oolitic

grainstone that defines the basal part of Unit
1 of the Bugle Member of the Keating For-
mation (Fig. 2). The basal oolite is overlain
by evenly bedded, coarse-grained skeletal
packstones and grainstones. Pelmatozoan and
bryozoan detrifus compose 90Vo of the grains,
and remains of corals, calcareous formini-
fera, ostracodes, and brachiopods are pres-
ent. Except for the appearance of algal-coated
grains near the top of the unit, there are no
obvious trends in composition or texture that
can be attributed to changes in environmen-
tal setting.

Conodont faunas from Unit 1 of the Bugle
Member are sparse and badly fragmented.
The predominance of robust elements of
Polygnathus longiposticus and closely related
species is like that reported from similar high-
energy carbonates of late Kinderhookian age
(lower Andrecito Formation) in the San
Andres Mountains (De Keyser et al., 1985,
p . 7 6 . )

Osagean shoaling sequ€nce-Near the end
of the Kinderhookian an abrupt deepening
event occurred, and subtidal shelf sediments
spread over the shallow platform area. The
base of an interval of 27 m of dark-gray argil-
laceous wackestones (Unit 2 of the Bugle
Member) rests with sharp contact on the light-
gray, abraded skeletal grainstones of the
underlying depositional sequence. The sparse
skeletal debris is poorly sorted and moder-
ately well preserved. Pelmatozoan and bry-
ozoan detritus is common. Small, strucfureless
peloids, perhaps fecal pellets, are abundant.

The slope-forming dark-gray argillaceous
wackstones of Unit 2 of the Bugle grade
upward into cherty, cliff-forming dark-gray
carbonates that contain a substantially smaller
proportion of fine terrigenous detritus, the
Witch Member. Elongate chert nodules ori-
ented parallel to bedding are pervasive and
often coalesce into thin discontinuous lavers
that break the thicker carbonate beds into
thin intercalations of chert and carbonate.
Skeletal wackestones with diverse fauna
characterize the lower 20 m of the Witch
Member. Pelmatozoan debris, brvozoan
remains, sponge spicules, ostracodes, and
brachiopods occur in nearly equal propor-
tions. Twenty meters above the base of the
Witch Member a fossil-poor facies of ostra-
code carbonate mudstones appears. Besides
ostracodes, sparse sponge spicules occur with
abundant peloids, like those found in the
carbonates of Unit 2 of the Bugle Member.
This fossil-poor facies is 60 m thick and grades
upward into pelmatozoan and bryozoan
packstones and grainstones that form the top
30 m of the Witch Member (Fig. 2). Skeletal
debris is well sorted and finely comminuted
in the uppermost beds, and carbonate intra-
clasts up to 10 mm in diameter are present.

Unit 2 of the Bugle Member and the greater
part of the Witch Member represent depo-
sition in quiet water, shallow subtidal envi-
ronments.  Dur ing the in i t ia l  s tage of
deposition, a moderate influx of fine terri-
genous clastics produced argillaceous car-
bonates. When the influx of terrigenous
detritus decreased, clearer water conditions
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prevailed that permitted a relative abun-
dance of sponges, whose siliceous spicules
were later mobilized by diagenetic fluids to
produce the characteristic cherts of the Witch
Member. A final shoaling event is indicated
by the appearance of packstones and grain-
stones at the top of the Witch Member.

Conodont faunas from Unit 2 of the Bugle
Member and the Witch Member provide little
additional information about the environ-
ments of deposition because the paleoecol-
ogic distribution of early Osagean conodonts
remains unclear. Conodont diversity is low
(3-5 species) in the low-abundance faunas
from Unit 2 of the Bugle Member. Polygru-
thus communis dominates, and Gnathodus
punctatus occurs near the base. Chauff (1983)
considered the association of abundant P
communis with G. punctatus on the Burlington
Shelf (Missouri-Illinois) to represent a near-
shore shallow-water transgressive fauna.
However, G. punctatus was recovered from
only shelf-margin sections in the San Andres
Mountains (De Keyser et al., 1985). A max-
imum in diversity-(8 species) is attained at
the base of the Witch Member, where rela-
tively abundant faunas are strongly domi-
nated by P. communis and contain common
Pseudopolygnathus and Gnathodus species. A
similar conodont association occurs in fore-
slope deposits on the eastern shelf margin
of the Deseret starved basin in Utah (Sand-
berg and Gutschick, L979; Gutschick and
Sandberg, 1983; Sandberg and Gutschick,
1984), but has been interpreted to be a shal-
low-water subtidal conodont biofacies in the
midcontinent area (Chauff, 1983). Higher in
the Witch Member faunal diversity falls to a
few species (2-4), and P. communis remains
the dominant form to the top of the member.

Regional stratigraphic relations
Schumacher (1978) summarized lithostra-

tigraphic and biostratigraphic relations of
Upper Devonian strata in southeastern Ari-
zona. He recognized an upper Devonian
(Famennian) depositional complex consist-
ing chiefly of yellow-gray to gray and black
shales and overlying carbonates. This inter-
val ranges in age from the middle Famennian
trachytera Zone to possibly as high as the late
Famennian Middle expansa Zone (Schu-
macher, 1978, fig" 2). The Box Member of the
Percha Shale of westem New Mexico was
assigned to this Famennian depositional
complex based on brachiopods (Stainbrook,
7947) and conodonts (Sandberg, 1976).

The upper limestone member of the Per-
cha Formation at Mescal Canyon is similar
to Member 4 of the Portal Formation (Sabins,
7957) in the Chiricahua Mountains of south-
eastern Arizona (Fig. 1). Member 4 of the
Portal comprises thick-bedded skeletal pack-
stones and grainstones that may be as young
as the Middle elpensa Zone. Similar shallow-
water carbonates occur in the upper part of
the Devonian section in the intervening
Peloncillo Mountains of western New Mex-
ico (Gillerman, 1958). Schumacher (1978)
traced these shallow-water carbonates more

than 100 km farther west in Arizona, into the
Mescal and Santa Catalina Mountains (Fig.
1). In the most westem sections, the shales
that underlie these carbonates are gradually
replaced by sandstones, suggesting increas-
ing proximity to a shoreline in this direction.

Comparable shallow-water, upper Famen-
nian carbonates may extend slightly north-
east of the Big Hatchet Mountains. In the
Klondike Hills, the nodular Box Member of
the Percha Formation is overlain by at least
10 m of Upper Devonian carbonates that are
overlain by the base of the Escabrosa Group
(Armstrong et al., 1980). Farther east, in the
Florida Mountains, the Percha is represented
only by dark shales. North of the Big Hatchet
Mountains, in the Santa Rita area (Fig. 1),
the Box Member contains abundant carbon-
ate nodules and layers that have yielded
moderately diverse megafaunal collections
(Stainbrook, 1947).

At Bear Mountain, northwest of Si-lver City,
a conodont fauna that includes Palmatolepis
perlobata postera, P. gracilis sigmoidalis, Polyg-
nathus experplexus, and Pelelcysgnathus incli-
natus was recovered from carbonate nodules
in the upper 16 m of the Box Member (Fig.
4). This association is characteristic of the late
Famennian Lower and Middle exwnsaZones.
The upper part of the Box at Bear Mountain
appears to be approximately the same age as
the upper limestone member of the Percha
in the Big Hatchet Mountains. The Bear
Mounta in conodont  fauna most  c losely
resembles the polygnathid-icriodid biofacies
of Sandberg (1976) and is considered to be
typical of the moderately shallow water con-
ditions of the outer cratonic shelf, farther
offshore than the polygnathid-"icriodid"
conodont biofacies that is present in the Big
Hatchet Mountains. Farther east, near Santa
Rita, Sandberg (1975) reported a comparable
fauna association from the Box Member.

From these sparse data, it is possible to
reconstruct some aspects of Late Devonian
depositional history and paleogeography in
southwestern New Mexico. During the late
Famennian (expansa Zone?), the supply of
terrigenous clastics into the region decreased
such that carbonate environments began to
develop. A shallow-water carbonate plat-
form area formed in eastern Arizona and
extreme southwestern New Mexico. As best
as can be determined, the edge of this plat-
form area ran approfmately north to south
along the western margin of New Mexico,
parallel to what later would be the margin
of the Escabrosa Shelf (Fig. 1). Eastward,
deeper water environments existed, in which
nodular carbonates accumulated in domi-
nately terrigenous clastic environments.
Whether or not a comparable uppennost
Devonian carbonate complex existed in cen-
tral New Mexico at this time is uncertain. At
most sections the Box Member of the Percha
Formation is the youngest Devonian unit
preserved (Bowsher, 1,967). However, at
Rhodes Canyon in the San Andres Moun-
tains, a 2.75-m unit of oolitic grainstone
yielded a Polygruthus-Palmatolepis fauna that
is latest Devonian (expansa Zone) in age (De

Keyser et al., 1985). This small outlier could
represent  a f ragment  of  an uppermost
Devonian carbonate platform that was hrgely
removed by erosion during the earliest Mis-
sissippian.

Armstrong and Mamet (1978b) and Arm-
strong et al. (1980) presented a series of cross
sections and paleogeographic and lithofacies
maps that depict Mississippian stratigraphic
relationships in eastem Arizona and south-
western New Mexico. Primary biostrati-
graphic control was provided through the
use of the microfossil (largely foraminifera)
zonation of Mamet although in some instances
conodonts and macrofossil zones were used.
Basal strata of the Keating Formation (Bugle
Member) of the Escabrosa Group fall in the
pre-Zone 7 interval of Mamet's zonation,
which is shown to be pre-Osagean in age
(Armstrong and Mamet, 1978b; Armstrong
et al., 1980).

Norby (1971) described conodont faunas
from the Escabrosa Group in Arizona that
more accurately date the base of the Missis-
sippian succession. At Blue Mountain in the
Chiricahua Mountains, the type section of
the Escabrosa Group, the lower 20 m of the
Bugle Member are coarse-grained pelmato-
zoan grainstone like that found at the Mescal
Canyon section in the Big Hatchet Moun-
tains. The basal three meters of the Bugle
Member bear a conodont fauna of latest Kin-
derhookian age (Siphonodella isosticha and S.
obsoleta, Norby, 1971, fig.5). The upper 30 m
of the Bugle Member at Blue Mountain con-
sist of dark-gray, fine-grained carbonates that
contain only minor amounts of fine terrigen-
ous clastics. This upper interval is largely
barren of conodonts but includes one form,
Gnathodus cf. G. semiglaber, the illustrated
specimens of which appear to be elements
of G. punctatus (Norby, t971, pl.5, figs. 11
and 15). Gnathodus punctntus occurs in the
dark argillaceous carbonates of Unit 2 of the
Bugle at Mescal Canyon, and the upper car-
bonates of the Bugle at Blue Mountain and
Mescal Canyon appear to be the same age
although slightly different lithofacies are
present in the two sections. Armstrong et al.
(1980, fig. 5) indicate a similar correlation
based on macrofossil zones.

The conodont fauna of the Witch Member
at Blue Mountain is shikingly similar to that
of the Witch Member at Mescal Canyon. At
the base of the Witch Member at Blue Moun-
tain (Norby, 1971), elements of Polygnathus
communis became abundant and lesser num-
bers of Pseudopolygnathus multistriatus and
Gnathodus species are present. As is the case
at Mescal Canyon, the base of the Witch
Member at Blue Mountain can be assigned
to the Lower fgpicusZone. Higher in the Witch
Member, fewer conodonts occur, and the
sparse faunas continue to be dominated by
elements of P.communis.

Armstrong et al. (1980, fig. 7) illustrated
how Mississippian strata of the Escabrosa
Shelf might be correlated with strata of the
Lake Valley Shelf. Relatively little biostrati-
graphic control for the lower units is indi-
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cated on their figure. Beds of the Andrecito
andAlamogordo Members of the Lake Valley
Formation were shown to contain a pre-Zone
7 microfossil assemblage, and the Tierra Blanca
Member at Bear Mountain yielded a Zone 7
assemblage. However, considerable biostra-
tigraphic information for the Lake Valley Shelf
exists in the form of conodont faunas.

The Andrecito Member of the Lake Valley
Formation in the Sacramento Mountains
(Lane, 1974, 1982), the San Andres Moun-
tains (De Keyser et al., 1985), and the Cooke's
Range (Moore, 7984) ranges from the upper
part of the upper Kinderhookian isosticha-
Uppet crenulataZone into the lower Osagean
Lower typicus Zone. The Alamogordo Mem-
ber contains conodont faunas of the Lower
typicusZonein the areas cited above but locally
ranges into the Upper typicus Zone in some
sections in the southern part of the Sacra-
mento Mountains (Lane, 1982). The carbon-
ate mounds of the Sacramento Mountains
are of an equivalent age, ranging from the
Lower typicus Zone through the Upper typ-
icusZone, and possibly as high as the middle
Osagean anchoralis-latus Zone (Lane, 1982).

Correlations based on conodonts between
the Escabrosa Shelf and the Lake Valley Shelf
confirm most aspects of the correlation pro-
posed by Armstrong et al. (1980). The most
significant correlation is the apparent equiv-
alence of the lower part of the Witch Member
of the Keating Formation with the Alamo-
gordo Member of the Lake Valley Formation.
The base of each unit lies within the Lower
typicus Zone, and the two units possess sim-
ilar lithologic attributes. Both units comprise
dark-gray, cherty carbonate mudstones to
packstones that form cliffs to steep slopes in
outcrop. The widespread distribution of this
distinctive lithofacies over both shelf regions
is probably a reflection of the regional Osa-
gean hansgressive event that flooded most
of the North American uaton during Ear$
Mississippian time (Lane, 1982). The maxi-
mum of this transgressive event in the west-
ern United States was achieved during the
time represented by the ancharalis-latus Zone,
in the middle Osagean (Sandberg et al., 1983).

Interpretation of the more diverse litho-
facies represented by strata below the Witch-
Alamogordo interval is more difficult. The
Andrecito Member of the Lake Valley For-
mation is equivalent in age to the Bugle
Member of the Keating Formation. The
Andrecito Member comprises a relatively
heterogeneous association of argillaceous gray
carbonates, typically mudstones to pack-
stones and calcareous shales and siltstones.
In contrast, the Bugle Member at Blue Moun-
tain and Mescal Canyon consists of two litho-
facies, a lower shallow-water pelmatozoan
grainstone and an upper deeper-water inter-
val of carbonate mudstones and wackestones
that are argillaceous at the Mescal Canyon
section. The lithologic sequence at Mescal
Canyon, where the slope-forming argilla-
ceous beds of the upper Bugle grade abruptly
into the ledge-forming cherty carbonates of
the basal Witch Member, strongly resembles
the upper AndreciteAlamogordo sequence
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on the Lake Valley Shelf. Locally, grainstones
do occur at the base of the Andrecito Mem-
ber, such as at San Andres Canyon in the
San Andres Mountains (De Keyser et al., 1985)
and south of Alamo Canyon in the Sacra-
mento Mountains (Lane, 1982). In both
instances,  the basal  gra instones of  the
Andrecito occur near where the shelf margin
is more clearly indicated by the facies pat-
tems in overlying units. The locations of these
Osagean shelf margins are thought to have
been determined largely by topography
developed on the underlying Devonian sur-
face (Lane 1982; De Keyser, 1983). It is con-
ceivable that the existence of the basal
grainstone facies of the Bugle Member is sim-
ilarly related to the development and sub-
sequent preservation of the upper Devonian
carbonate shelf that occupied southwestern
New Mexico and adjacent Arizona.

Because of the discontinuous outcroP Pat-
tern, it is difficult to determine how strata of
the basal part of the Lake Valley Shelf might
have merged into strata of the Escabrosa Shelf.
In south-central New Mexico, there is good
evidence that a starved-basin setting existed
in the vicinity of the Florida Mountains dur-
ing the Early Mississippian. There Kinder-
hookian and lower Osagean strata are absent,
and the basal beds of the Mississippian car-
bonate section contain middle Osagean con-
odonts (anchoralis-Iatus Zone) apparently
transported off the edge of an adjacent car-
bonate shelf (Armstrong and Mamet, 1978b;
Moore, 1984).

To the northwest, in the Silver City area,
the section at Bear Mountain possesses some
attributes of the strati$aphic successions of
both the Lake Valley and Escabrosa Shelves
(Fig. a). Resting unconformably on the nod-
ular carbonates of the Box Member of the
Percha Formation is a 5-6-m unit of light-
gray, wavy-bedded skeletal grainstones with
intercalated thin argilla6g6us layers. Near the
base of the unit occur conodonts of the late
Kinderhookian isosf icfta-Upper umulata 7nne.
Massive dark-gray carbonate wackestones rest
with a knife-sharp contact on the lower
grainstone interval. The lower few meters of
the upper unit form a prominent ledge and
lack significant amounts of chert. Higher in
the section, chert becomes abundant and the
unit erodes into more of a slope exposure/
as illusrrated by Armstrong et al. (1980, fig.
7). Conodonts obtained from the lower 2 m
of the upper unit appear to represent a Lower
typicus Zone fauna although the collections
are not completely diagnostic (Fig. a).

In their monographic work on the strata
of the take Valley Shelf, taudon and Bowsher
(1949) assigned the lower grainstone unit to
the Andrecito Member and the upper dark
carbonates to the Alamogordo Member of the
Lake Valley Formation. Most subsequent
workers (e.9., Armstrong et al., 1980), have
followed this nomenclatural assignment.
However, the stratigraphic subdivisions of
the Escabrosa Shelf can also be applied to the
Bear Mountain section. The lower grainstone
interval at Bear Mountain can be assigned to
Unit I of the Bugle Member of the Keating

Formation (Fig. a). The sharp contact between
the grainstones and the overlying dark car-
bonites at Bear Mountain is identical with
that found between Units 1 and 2 of the Bugle
at the Mescal Canyon section and could rep-
resent the same depositional event. Like the
contact at Mescal Canyon, this sharp litho-
Iogic contact separates conodonts of the iso-
sticha-lJpper crinulata Zone from those of the
Lower typicus Zone. Lithologically, the ledge-
forming dark carbonates at the base of the
upper unit at Bear Mountain more strongly
resemble the upper Bugle Member at the Blue
Mountain section. The base of the Witch
Member of the Keating Formation can be
picked up at the level where abundant cherts
appear, approximately 20 m above the base,
as it was chosen at the Blue Mountain section
by Armstrong and Mamet (1978b).

At the present time, there is not sufficient
information available to evaluate further the
lithologic succession of the Bear Mountain
section relative to the Lake Valley and Esca-
brosa sequences. Regardless of the ProPer
application of shatigraphic nomenclature, the
Lower Mississippian sections in the Silver
City area, including Bear Mountain, appear
to represent the transitional area between the
Lake Valley and Escabrosa Shelves. Only 30
km farther east, near Santa Rita, a Lake Val-
ley section is present that includes a more
typical development of the Andrecito Mem-
ber at its base (Laudon and Bowsher, 1949,
fig. a!. The closest outcroP of the Keating
Formation of the Escabrosa GrouP lies more
than 100 km to the southwest, in the Pelon-
cillo Mountains (Armstrong et al., 1980, fig.
5). Unless additional lithofacies and biostra-
tigraphic information can be obtained in this
region, the sections of the Bear Mountain
area mav be the onlv source of information
for making a detailed reconstruction of the
latest Kinderhookian and the earliest Osa-
gean at the juncture of the two shelf regions.
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Rousseau Haynor Flower
(1913-1e88)

Rousseau Haynor Flower was born on
March 2l,l9l3 at the family home nearTroy,
New York. He was the son of Franklin Rous-
seau and Ethna Haynor Flower. Rousseau

cello. He entered Cornell University in 1930,
earning a tuition scholarship and majoring
in entomology. He completed his under-
graduate degree in 1934 and an MA degree
in 1935 under Dr. |. G. Needham. His thesis
dealt with the venation pattern of dragonfly
wings; a portion of the terminology he devel-
oped was incorporated in Needham and
Westfall's Dragonflies of North America, pub-
lished in 1955. Rousseau's introduction to
fossils came through a course in historical
geology that he took in his final undergrad-
uate year, and he continued to study paleon-
tology as a minor for his graduate degree.
He intended to complete a PhD in entomol-
ogt but a collecting trip to the Gulf Coast
Tertiary in 1936 altered the direction of his
career.

In 1936-37, Rousseau studied paleontol-
ogy at the University of Indiana under E. R.
Cummings, but family health concems forced
him to relurn to New York. In his free time
he became increasingly engrossed in the col-
lection and study of-iossiliephalopods, and
he received encouragement from the distin-
guished paleontologist Rudolph Ruede-
mann. By 1938, Rousseau's dear friend and
teacher Kenneth Caster managed to get him
support at the University of Cincinnati where
Rousseau completed his PhD in June 1939.
His dissertation, Studv of the Pseudorthocera-
tidae, was later publiihed by the Paleonto-
logical Research'Institution. Rousseau was
unemployed unt i l  September 1940-the
effects of the depression were stitl felt in the
sciences-when he became a curator at the
University of Cincinnati. He held that posi-
tion until 1944 when he left to teach at Brvn
Mawr. At year's end he became Assistint
State Paleontologist, a position he held until

coming to New Mexico in 1951.
In 1951, Rousseau married Margaret (Peg)

and accepted a position as Stratigraphic
Geologist at the New Mexico Bureau of Mines
and Mineral Resources offered to him by Dr.
Eugene Callaghan, then the Bureau's direc-
tor. His title was later changed to Senior
Paleontologist. Although technically retired
from the Bureau in March 1978, Rousseau
remained active to the end, despite a pro-
gressively frail constitution.

Rousseau was an intemationally renowned
paleontologist. His interest in fossils took him
to every continent except Africa and Antarc-
t ica.  He was known and respected by
paleontologists wherever he went, and he
brought a great deal of distinction to New
Mexico Tech. His scientific accomplishments
are evident through his publications that
include almost 200 papers, many of them

important contributions to our understand-
ing of New Mexico stratigraphy, fossil corals,
graptolites, and other groups.

Rousseau's love of the opera and classical
music is well known. For manv vears he con-
tributed reviews of musical prbductions to
the Defensor Chieftain, Socorro's newspa-
per. He had a love of literature and classital
film as well.

Donald of Syracuse, New York. It was my
privilege to know Rousseau for almost ten
years; his kind will not soon be seen again
and we will all miss him.
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