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Abstract
Invertebrate fossils from the upper conglom-
erate member of the Broken Jug Formation,
the basal unit of the Bisbee Group in the
Little Hatchet Mountains of southwestern
New Mexico, are bivalves (cf. Gryphaea mexi-
cana Felix), gastropods (Nerineidae), and a
coral (Thamnasteria sp. cf. T. imlayi Wells).
These fossils indicate a Late Jurassic age and
support correlation of the Broken Jug
Formation with the Kimmeridgian–Titho-
nian La Casita Formation of northern Mex-
ico. The presence of Upper Jurassic marine
strata in southwestern New Mexico confirms
identification of a Late Jurassic Mogollon
paleo-highland in west-central New Mexico
and east-central Arizona that separated the
Bisbee rift basin to the south from the coeval
fluvial depositional basin of the Morrison
Formation to the north.

Introduction
Mesozoic marine stata underlie sedimenta-
ry rocks of known Early Cretaceous age in
the Little Hatchet Mountains of southwest-
ern New Mexico. A possible Jurassic age
for these rocks, which are presently known
only from exposures east and southeast of
Hachita Peak (Fig. 1), was first suggested
by Zeller (1970). Harrigan (1995) and
Lawton and Harrigan (1998) identified
these strata as the Broken Jug Formation
and assigned them a Jurassic age based on
their stratigraphic position and similarity
to Jurassic strata in southeastern Arizona
and Chihuahua, Mexico. Lucas and
Lawton (2000) followed these conclusions
and noted the presence of Jurassic inverte-
brate fossils in the upper part of the Broken
Jug Formation. Here, we describe these
fossils, determine their biostratigraphic
significance, and briefly discuss the paleo-
geographic implications of the presence of
Upper Jurassic marine strata in southwest-
ern New Mexico. 

Stratigraphy
The fossils described here come from two
localities on the eastern slope of Hachita
Peak in the SE1⁄4 NE1⁄4 sec. 26 T28S R16W,
Hidalgo County (Fig. 1). P. Harrigan dis-
covered New Mexico Museum of Natural
History (NMMNH) locality 4470, which
yielded the gastropods and coral described
here (also see Lawton and Harrigan, 1998,
fig. 2). S. G. Lucas discovered NMMNH
locality 4487, which yielded the bivalves
described here. Locality 4487 is just west of
locality 4470 and approximately 40 m (131
ft) higher stratigraphically. Both localities
are near the base of the upper conglomer-
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ate member of the Broken Jug Formation
(Fig. 2; Lucas and Lawton, 2000, fig. 3).

Bivalves
At NMMNH locality 4487, a coquina bed
yields many bivalves catalogued as
NMMNH P-32956–32961. These bivalves
(Fig. 3A–H) are characterized by a small
left valve that has a thick shell wall, is tri-
angular in outline, and is clearly much
larger than the right valve. The left valve is
moderately convex to deeply excavated
and is strongly arched dorsally. The beak is
bluntly hooked, and the presence of a sul-
cus from the beak downward to produce a
wing-like flare of the posteroventral mar-
gin is difficult to determine on most speci-
mens due to poor preservation; however, it
is visible on some specimens (e.g., Fig.
3D–E, H). The incurved beak is prominent
but incomplete on all specimens due to
abrasion. Those specimens with preserved
external shell morphology show acute,
imbricate, concentric growth lines and
undulations (Fig. 3D). The shell is higher
than long; left valve heights range from 30
to 35 mm (1.2–1.4 inches), and left valve
lengths are much more variable, ranging
from 10 to 30 mm (0.4–1.4 inches).

These specimens closely resemble speci-
mens of Gryphaea mexicana Felix illustrated
by Felix (1891, pl. 27, figs. 30–30a), Cragin
(1905, pl. 3, figs. 1–6), and Imlay (1940, pl.
54, figs. 1–7). As Imlay (1940) stressed, left
valves of G. mexicana are highly variable,
and the specimens from the Little Hatchet
Mountains fall within this range of varia-
tion. Therefore, but in view of the poor
preservation of the specimens from the
Little Hatchet Mountains, we tentatively
assign them to that taxon as cf. Gryphaea
mexicana. Gryphaea mexicana is known from
Upper Jurassic strata in Oaxaca and
Durango, Mexico, and the Malone Moun-
tains of west Texas (Felix, 1891; Cragin,
1905; Imlay, 1940).

Gastropods
NMMNH P-31554, collected by P.
Harrigan at locality 4470, in a grainstone
bed 5 m (16 ft) stratigraphically below
P-31555 (Harrigan, 1995), includes parts of
three high-spired, slender gastropods
whose shells have been partially eroded
away to reveal their inner morphology
(Fig. 3I–J). The specimens are thin-shelled
with slender, solid columella. The aper-
ture, growth lines, and sutural characteris-
tics are not visible due to recrystallization
and erosion. One specimen (Fig. 3I) is 40
mm (1.6 inches) long and has an apical
angle of 9°. The second specimen (Fig. 3J)
is missing the apical angle but is even nar-
rower than the first specimen and has an
incomplete length of 44 mm (1.8 inches).
The whorl sides are slightly concave to flat.
A prominent palatal fold halfway along
the whorl sides extends almost halfway

into the whorl. A less prominent, thinner
parietal fold occurs near the top of each
whorl along the columella. The lower
whorls are nearly twice as high as wide. 

We identify these specimens as nerineid
gastropods due to the presence of the
palatal and parietal folds (cf. Cragin, 1905,
pp. 96–98, pl. 20, figs. 1–3, pl. 21, figs. 4–5),
which are absent in turritellid gastropods.
In addition, turritellid gastropods have
convex whorls that are usually wider than
they are high rather than much higher than
wide as in the Broken Jug specimens. A
more precise identification is not possible,
but it is significant that the gastropods
from the Little Hatchet Mountains are not
turritellids, as this gastropod family occurs
in Cretaceous and younger rocks (Tracey et
al., 1993). In contrast, the Nerineidae have
a Jurassic–Cretaceous temporal range
(Tracey et al., 1993), so they are not precise
age indicators at the family level but do
not preclude a Jurassic age.

Coral
We identify a coral from locality 4470,
NMMNH P-31555 (Fig. 3K-L), as
Thamnasteria sp. cf. T. imlayi Wells, 1942.
The corallum of the single specimen is
colonial, thamnasteroid, and ramose. The
growth form is bushy to phaceloid in
appearance. Branches are cylindrical and
relatively narrow, 3–7 mm (0.1–0.3 inch)
in diameter. Branch bifurcations are fre-
quent, dichotomous, and irregularly
spaced. Newly formed branches initially
diverge from each other at an angle of
~30°–45° but, with further growth
branches from the same stem, often
exhibit a general trend toward subparallel
orientation. The corallites are numerous,
relatively small, closely spaced, and
arranged perpendicular to the long axis
of the branch. The calices are exclusively
monocentric, and the calicular margins
are generally circular in outline. Calice
diameter ranges from 1.0 to 1.4 mm
(0.04–0.06 inch), and the distance be-
tween the centers of calices ranges from
about 1.4 to 1.8 mm (0.06–0.08 inch). The
septa are well developed, solid, about
20–24 in number, and hexamerally
arranged in three cycles, the third cycle
possibly incomplete. The septa of the first
and second cycles are subequal in size
and extended nearly to the corallite axis.
The septa of the third cycle are weakly
developed, very much shorter than previ-
ous septa, and possibly incomplete. All
septa are continuous beyond the calcicu-
lar margin as septocostae. The septo-
costae are then confluent between adja-
cent corallites. The columella is styliform,
deep in the calice, and rarely observed
due to recrystallization. Wall or other the-
cal structures were not observed. 

NMMNH P-31555, as preserved, is
about 75 mm (3 inches) in height and 160 x
45 mm (6.2 x 1.8 inches) in width. The sub-

parallel alignment of branches on one side
of the sample indicates that the actual
height of the corallum was at least 120 mm
(4.8 inches). Overall, the morphological
details of the corallum are poorly pre-
served. Faint protuberances on the sur-
faces of some of the branches are relics of
the corallites. The septal arrangement was
observed only in a few of the exposed
corallites on one small part of a branch.
Details of the columella were not deter-
mined. Skeletal microstructure and inter-
nal skeletal architecture are not preserved. 

The morphology of NMMNH P-31555
is, with minor exception, the same as that
described for Thamnasteria imlayi Wells
(1942, pp. 127–128, pl. 21, figs. 1–3). Tham-
nasteria imlayi Wells was originally
described from samples retrieved from the
Jurassic (probably Oxfordian) Smackover
Limestone in the subsurface of Columbia
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from Jurassic to Cretaceous, and gryphaeid
bivalves and a coral that clearly indicate a
Late Jurassic age. They suggest broad cor-
relation to the La Casita Formation of
northern Mexico, which, based on its
ammonoids, is Kimmeridgian to Tithonian
in age (e.g., Monreal and Longoria, 1999). 

This age range can be applied to the fos-
sils described here and thus to part of the
Broken Jug Formation. The entire Broken
Jug Formation has been interpreted to rep-
resent a single lithosome deposited near
the thick keel of the Bisbee rift basin
(Lawton, 2000; Lucas and Lawton, 2000).
So, a Late Jurassic age may be reasonable
for the entire formation (Fig. 4).

The presence of Late Jurassic marine
rocks in southwestern New Mexico (and in
southeastern Arizona: Lawton and Olm-
stead, 1995; Olmstead and Young, 2000)
has important implications for interpreting
the Late Jurassic paleogeography of the
Southwest. The nonmarine Morrison
Formation was deposited across the south-
ern Colorado Plateau during Late Jurassic
time, and the southern edge of its basin of
deposition was long considered to be an
east-southeast-trending uplift, the “Mo-
gollon highlands,” in west-central New
Mexico and east-central Arizona (Smith,
1951; Harshbarger et al., 1957; Lucas and
Anderson, 1997). However, some workers
(notably Bilodeau, 1986) have questioned
the location of these highlands, placing

them farther south, in northern Mexico
and southwestern Arizona. Nevertheless,
simultaneous Late Jurassic marine deposi-
tion in the Bisbee Basin of southwestern
New Mexico-southeastern Arizona and
fluvial deposition (with some northerly
paleoflow indicators) of the Morrison
Formation on the southern Colorado
Plateau necessitates a highland between
the two depositional systems (Fig. 5). 

We regard the Burro uplift (Elston, 1958),
lying directly north of the Bisbee Basin, as
the drainage divide between north-drain-
ing Morrison fluvial systems and contem-
porary marine deposits to the south. This
topographically elevated rift shoulder lay
north of the Bisbee Basin in the Early
Cretaceous and provided a source for
detritus of the Hell-to-Finish Formation
(Bilodeau and Lindberg, 1983; Mack et al.,
1986), which overlies the Broken Jug
Formation (Fig. 4). We infer that the rift
shoulder, with a steep southern escarp-
ment facing the Bisbee Basin and a gentle
northern flank forming the headwaters of
Morrison rivers, was established at least as
early as Late Jurassic time.

Acknowledgments. Phil Harrigan
found some of the fossils described here.
Orin Anderson, Jerry Harris, and Pete
Reser assisted in the field. William R.
Dickinson, Barry S. Kues, and Gary
Olmstead provided helpful reviews of the
manuscript.
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County, Arkansas. The branches of the
type material are slightly larger in diame-
ter, from 10 to 20 mm (0.4–0.8 inch), but at
the distal ends the diameter is only 5 mm
(0.2 inch), which is within the range of
measurements of the specimen from New
Mexico. The diameters of the calices and
spacing of the calicular centers of the New
Mexico specimen essentially are the same
as those of T. imlayi. The septal arrange-
ment also appears to be the same.
Comparisons with other Late Jurassic and
Early Cretaceous members of this genus
were given by Wells (1942). 

The specimen of Thamnasteria sp. cf. T.
lamourouxii Lesauvage, described by
Reyeros de Castillo (1974, p. 16, pl. 3, figs.
1–3) from the Upper Jurassic of the Sierra
del Águila, northern Chihuahua, appears
to be similar both to the type material of T.
imlayi and to the New Mexico specimen.
The Chihuahua specimen has branches
from 6 to 15 mm (0.2–0.6 inch) in diameter,
calices 1.5 mm (0.06 inch) in diameter, and
18 septa. It is also interesting to note that
the style of preservation of the Chihuahua
specimen (see Reyeros de Castillo, 1974, pl.
3, figs. 1, 2) appears to be similar to that of
the New Mexico specimen: both coralla are
badly recrystallized and internally filled
by gray or white sparry calcite. In addition,
the sedimentary matrix of both specimens
looks very similar. 

Discussion
The fossils described here differ funda-
mentally from the Lower Cretaceous
marine invertebrate fossils found in the
Aptian–Albian U-Bar Formation, which
until now yielded the oldest Mesozoic
marine invertebrate fossils found in south-
western New Mexico. U-Bar invertebrate
fossil assemblages are diverse, prolific, and
dominated by bivalves such as Exogyra,
Ostrea, Ceratostreon, and trigoniids, by rud-
istids, by turritellid gastropods, and, in
some intervals, by ammonites and spatan-
goid echinoids (e.g., Lucas, 2000a, b; Lucas
and Estep, 2000; Lucas and Lawton, 2000).
In contrast, the Broken Jug Formation fos-
sils from the Little Hatchet Mountains are
of low diversity and abundance and are
nerineid gastropods, which range in age

FIGURE 3—Late Jurassic invertebrate fossils
from the upper conglomerate member of the
Broken Jug Formation, Little Hatchet
Mountains. A–H, cf. Gryphaea mexicana; A–B,
NMMNH P-32959, left valve, external (A) and
internal (B) views; C, H, NMMNH P-32958, left
valve, side (C) and internal (H) views; D-E,
NMMNH P-32957, fragmentary left valve, exter-
nal (D) and internal (E) views; F–G, NMMNH
P-32960, left valve, external (F) and internal (G)
views. I–J, Nerineidae, NMMNH P-31554. K–L,
Thamnasteria sp. cf. T. imlayi, NMMNH P-31555,
lateral view of corallum (K) and detail of calices
(L). Note that L is 12 times larger than K.
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FIGURE  5—Simplified paleogeographic map of Arizona–New Mexico during the Late Jurassic
(Kimmeridgian) deposition of the Broken Jug Formation and the Salt Wash Member of the Morrison
Formation. Braided fluvial systems drained northeastward from a rift shoulder that lay northeast of
the marine embayments of the Chihuahua trough and the Mar Mexicano, which was initiated slight-
ly earlier, in late Oxfordian time, upon cessation of a Triassic–late Middle Jurassic magmatic arc.
These two marine basins were separated by the Aldama platform, underlain by upper Paleozoic sed-
imentary rocks. The rift shoulder is here divided into three segments, the Mogollon, Burro, and
Diablo segments. Basal strata of the part of the Bisbee Basin indicated by the sandstone pattern are
poorly dated, and their Jurassic distribution is inferred from the extent of Lower Cretaceous rocks of
the Bisbee Basin (Bilodeau and Lindberg, 1983). Southern extent of Morrison exposures is an ero-
sional limit beneath the Cenomanian Dakota Sandstone. After Blakey (1989), Peterson (1994), Lucas
and Anderson (1997), Robinson and McCabe (1997), Cather (1999), and Lawton (2000). 


