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Abstract

A stratigraphic sequence of middle Turonian 
rocks, 35 ft (11 m) thick, in Lincoln County, 
New Mexico, contains a record of oyster evo-
lution unique in the Western Interior. There, 
four stratigraphically distinct species of the 
ribbed oyster Cameleolopha show clearly the 
morphological changes that led from a free-
lying ancestral species to the attached oyster 
that marks the end of the lineage. The oldest 
species, referred to C. aff. C. bellaplicata, is a 
small, densely ribbed, planar morpho-type 
that is confined to the Prionocyclus hyatti Zone. 
It gives rise through a transitional form to the 
medium-sized, more coarsely ribbed, plano-
convex C. bellaplicata. Cameleolopha bellapli-
cata is an important guide fossil in the Four 
Corners states and Texas to the upper part of 
the P. hyatti Zone through the middle part of 
the overlying P. macombi Zone. Cameleolopha 
bellaplicata gives rise to C. lugubris through a 
reduction in size, an increase in rib density, 
and a change in mode of life from free lying 
to attached, but not encrusting. Cameleolopha 
lugubris, which has the greatest geographic 
range of the group, is a well-known guide 
fossil throughout the Western Interior to the 
upper part of the P. macombi Zone through at 
least the overlying P. wyomingensis Zone.

Introduction

The outcrop belt of Upper Cretaceous rocks 
in and adjacent to Bull Gap Canyon, Lin-
coln County, New Mexico (Fig. 1), contains 
a unique record of middle Turonian oyster 
evolution. There, rocks of the Fite Ranch 
Sandstone Member of the Tres Hermanos 
Formation and the basal part of the over-
lying D-Cross Tongue of the Mancos Shale 
(Fig. 2) contain at least four stratigraphically 
distinct species of ribbed oyster belonging 
to the genus Cameleolopha Vyalov 1936. From 
oldest to youngest, they are assigned to the 
following species: (1) Cameleolopha aff. C. 
bellaplicata (Shumard 1860); (2) Cameleolopha 
cf. C. bellaplicata (Shumard 1860); (3) Cam-
eleolopha bellaplicata (Shumard 1860); and 
(4) Cameleolopha lugubris (Conrad 1857). The 
first three species, occur in sandstones in the 
Fite Ranch Sandstone Member, whereas the 
fourth occurs in a thin sandstone near the 
base of the D-Cross Tongue. These oyster-
bearing rocks comprise a stratigraphic thick-
ness approximately 35 ft (11 m) thick.

The isolated, Upper Cretaceous outcrop 
belt at Bull Gap Canyon, New Mexico, is the 
only known area within the Western Interior 
or Texas that contains more than two mor-
phologically distinct, ribbed oysters belong-
ing to genus Cameleolopha. Thus, it records 
the evolutionary history of Cameleolopha 
lugubris group over about 0.7 m.y. from: (1) a 

small, flat, fully ribbed form (C. aff. C. bel-
laplicata) in the Prionocyclus hyatti Zone; to 
(2) a slightly larger, more convex, initially 
smooth, ribbed form (C. cf. C. bellaplicata) 
higher in the P. hyatti Zone; to (3) an even 
larger, more convex, completely ribbed form 
(C. bellaplicata) interpreted to be in the upper 
part of the P. hyatti Zone and known defi-
nitely from the lower part of the P. macombi 
Zone; and, finally, to (4) the smallest, flattest 
form (C. lugubris) that has a very large attach-
ment scar with a small fringe of ribbed shell 
in the upper part of the P. macombi Zone into, 
at least, the base of the P. wyomingensis Zone. 

At all other known occurrences of Cam-
eleolopha bellaplicata the species appears 
quite suddenly in middle Turonian rocks, 
fully formed without any indication of an 
ancestral stock. The first occurrence of C. 
bellaplicata throughout the Western Inter-
ior and Texas is in the middle Turonian P. 
hyatti Zone (Fig. 3); from there it ranges 
into overlying, but still middle Turonian, 
P. macombi Zone (Hook and Cobban 2011). 
Cameleolopha lugubris, the smallest, flattest, 
and youngest of the species assigned to 
Cameleolopha and the only one with a large 

attachment scar, makes its first appearance 
in rocks above the last occurrence of C. bel-
laplicata; it ranges from the upper part of 
the P. macombi Zone through the entire P. 
wyomingensis Zone possibly into the base of 
the P. novimexicanus Zone (Fig. 3).

The measured section just north of Bull 
Gap Canyon (Fig. 2) shows this evolution-
ary record conclusively because it contains 
a faunally complete record of the Cameleo-
lopha lugubris group, in which each spe-
cies occurs in a distinct, nonoverlapping 
stratigraphic interval. However, this mea-
sured section (Fig. 2) is stratigraphically 
incomplete because of an interpreted ero-
sional surface separating the Fite Ranch 
Sandstone Member from the overlying 
D-Cross Tongue. The Fite Ranch Sand-
stone becomes thinner to the southwest as 
its uppermost bed becomes older (shown 
schematically in Fig. 3). At Bull Gap Can-
yon north (Fig. 2) the Fite Ranch is 36 ft 
(11 m) thick; its uppermost bed contains C. 
bellaplicata. Approximately 1 mi (1.6 km) to 
the southwest, the Fite Ranch is 17 ft (5 m) 
thick; here, its uppermost bed contains the 
older C. cf. bellaplicata (Fig. 4). 

FIGURE 1—Map of New Mexico showing cities, key outcrops, and the approximate position of the 
western shoreline of the Late Cretaceous seaway at the end of time during which Cameleolopha lugu-
bris lived. Modified from Hook and Cobban (2011, fig. 3).
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Middle Turonian stratigraphy and 
biostratigraphy

Middle Turonian rocks in the Bull Gap 
Canyon area, Lincoln County, New Mexico, 
consist of the following three stratigraphic 
units in ascending order (Fig. 2): the upper 
100 ft (30 m) or so of the lower tongue 
of the Mancos Shale, the Tres Hermanos 
Formation, which is at least 100 ft (30 m) 
thick, and the lower 30 ft (10 m) or so of 
the D-Cross Tongue of the Mancos Shale. 
The total thicknesses of the lower tongue 

and the D-Cross Tongue have not been 
measured in the area because of structural 
complications and poor outcrop. The lower 
tongue rests conformably on the middle 
Cenomanian Dakota Sandstone and may 
be as much as 500 ft (152 m) thick; it is over-
lain conformably by the middle Turonian 
Tres Hermanos Formation. Key rock 
types within the lower tongue include the 
x-bentonite near the base and the distinc-
tive nodular limestones of the basal Bridge 
Creek Limestone Beds just above the mid-
dle (Hook et al. 2012, fig. 7) The D-Cross 
Tongue rests unconformably on the middle 

Turonian Tres Hermanos Formation and 
may be as much as 400 ft (122 m) thick; it is 
overlain conformably by the lower Conia-
cian Gallup Sandstone (Fig. 3). The key 
lithology in the D-Cross Tongue is the thin, 
Juana Lopez-like calcarenite near the base.

Key ammonite fossils recovered from 
the Bull Gap Canyon north section (Fig. 2) 
indicate that the upper 86 ft (26 m) of the 
lower tongue of the Mancos Shale through 
the basal 30 ft (10 m) of the D-Cross Tongue 
encompass all of the middle Turonian, from 
the lowest middle Turonian ammonite sub-
zone of Collignoniceras woollgari woollgari 
through the uppermost middle Turonian 
ammonite zone of Prionocyclus wyomingensis. 
This middle Turonian rock record represents 
approximately 2.9 m.y., assuming each abso-
lute date shown in Figure 2 is at the base of 
its respective zone.

The Tres Hermanos Formation exposed 
north of Bull Gap Canyon (Fig. 2) is approx-
imately 100 ft (30 m) thick and consist 
of three members: (1) a basal, regressive, 
marine sandstone, the Atarque Sandstone 
Member, 34 ft (10 m) thick; (2) a medial, 
nonmarine, fluvial-channel complex, the 
Carthage Member, 31 ft (9 m) thick; and (3) 
a transgressive, marine sandstone, the Fite 
Ranch Sandstone Member, 36 ft (11 m) thick. 
The Atarque Sandstone Member contains 
fragments of a large species of Tragodesmoc-
eras (D11710) that undoubtedly represent T. 
socorroense Cobban and Hook, which occurs 
elsewhere in New Mexico with Collignon-
iceras woollgari woollgari (see Cobban and 
Hook 1979, p. 11). In support of this specific 
assignment, a specimen of Collignoniceras 
woollgari woollgari (D14971) was collected 
as float from the basal Atarque about a mile 
(1.6 km) to the southwest of that measured 
section (Fig. 4). The nonmarine Carthage 
Member is, of course, barren of marine fos-
sils, but its extensively crossbedded, fluvial 
sandstones are spectacularly exposed on the 
north side of Bull Gap Canyon (Fig. 5D).

The Fite Ranch Sandstone Member is 
more difficult to date because of the gener-
ally fragmentary nature of the ammonite 
and bivalve (other than oyster) fossils. The 
member lies between an undoubted Collig-
noniceras woollgari woollgari (D14971) at the 
base of the Atarque Sandstone Member to 
the southwest and beautifully preserved 
specimens of Prionocyclus macombi and Coilo-
poceras inflatum (D14950) near the base of the 
D-Cross Tongue (Fig. 2, unit 13). Four small-
diameter, prionocyclid ammonites with 
single ventrolateral tubercles with attached 
matrix containing Cameleolopha bellaplicata 
were collected from the top of the Tres Her-
manos Formation approximately 0.5 mi 
(0.7 km) south of the northern measured sec-
tion (Fig. 2) at locality D14952. These ammo-
nites are unequivocally P. macombi, meaning 
that the uppermost bed of the Fite Ranch 
Member at this locality is of P. macombi age. 

However, these specimens (from D14952) 
were collectedly from an off-white, tan-
weathering sandstone that is the top of the 
member at that locality. At the Fig. 2 locality, 
the top of the Fite Ranch is a 2-ft- (0.6-m-) thick, 
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D14970  Cameleolopha aff. C. bellaplicata

alternating beds of resistant and nonresistant, crossbedded 
sandstone; an extensively planer and trough crossbedded, 
fluvial channel complex is exsposed in the canyon bottom 
(Fig. 5D)

D11710  Tragodesmoceras socorroense?

80 ft (25 m) thick (not to scale)

D14998 Collignoniceras woollgari woollgari, 
              Morrowites depressus
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FIGURE 2—The Bull Gap Canyon north measured section shows the positions of fossil collections 
from middle Turonian rocks exposed north of Bull Gap Canyon, Lincoln County, New Mexico. Strati-
graphic units include the upper part of the lower tongue of the Mancos Shale, the Tres Hermanos 
Formation, and the lower part of the D-Cross Tongue of the Mancos Shale. This section was measured 
in the SW¼ sec. 18 T9S R9E, Bull Gap Canyon 7.5-min quadrangle, Lincoln County, New Mexico.
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fossiliferous, dark-brown, rubbly weathering 
sandstone containing white phosphate gran-
ules (see Fig. 5A). This rubbly weathering 
sandstone is not present at the D14952 local-
ity, possibly because of submarine erosion 
discussed briefly above. Between these two 
localities, a distance of approximately 0.5 mi 
(0.7 km), this dark-brown, rubbly weather-
ing bed is as much as 6 ft (1.8 m) thick and 
contains disarticulated valves of Cameleolopha 
bellaplicata that extend from its base to its top. 
Throughout the geographic extent of this 
rubble bed, the 7 ft (2.1 m) of tan-weathering 
sandstone (Fig. 2, unit 10) between it and the 
dark-brown weathering, crossbedded, sand-
stone concretions (unit 9) are not fossiliferous.

A complicating factor to determining 
the age of the uppermost part of the Fite 

Ranch Sandstone Member is a well-pre-
served, undoubted specimen of Prionocy-
clus hyatti (Stanton) from Lincoln County, 
New Mexico, illustrated by Cobban (1986, 
fig. 3Q). This 33-mm-diameter specimen 
(from USGS locality D10635) was collected 
by Hook in 1979 supposedly “…from a 
sandstone concretion near the base of the 
D-Cross Tongue of the Mancos Shale north-
west of Oscura…” (Cobban 1986, p. 81). If 
the published stratigraphic assignment 
were correct, then the Tres Hermanos For-
mation would be one faunal zone younger 
than the overlying D-Cross Tongue!

Re-examination of this outcrop in 2011 
revealed that it had been misinterpreted strati-
graphically in 1979. The sandstone concre-
tions, rather than being in the D-Cross Tongue, 

form the top of the eroded Tres Hermanos For-
mation (Figs. 4 and 5E) and contain Cameleolo-
pha aff. C. bellaplicata and C. cf. C. bellaplicata in 
addition to Prionocyclus hyatti (D10635). This 
outcrop (Fig. 5G) was misinterpreted strati-
graphically in 1979 because of the west-to-
east weathering profile of ridge-valley-ridge-
valley created by alternating resistant and 
nonresistant rock types in the Tres Hermanos 
Formation and D-Cross Tongue exposed on 
the south side of a normal fault that bounds 
the exposure. In 1979 the first (west) ridge was 
thought to be the Atarque; the first valley, the 
Carthage; the second ridge, the Fite Ranch; 
and the second valley, in which the concre-
tions crop out, the D-Cross.

The resistant sandstones in the Atarque 
Sandstone Member (Fig. 4, unit 1, and 

FIGURE 3—Chronostratigraphic diagram of middle Cenomanian–lower 
Coniacian (Upper Cretaceous) strata exposed in the Bull Gap Canyon area, 
Lincoln County, New Mexico, showing radiometric ages of fossil zones and 
the approximate ranges of key oysters and ammonites. An asterisk (*) fol-
lowing the zonal index indicates that species has been collected from strata 

in the Bull Gap Canyon area; red age dates are based on dated bentonites in 
the fossil zone somewhere in the Western Interior; black age dates are inter-
polated between dated bentonites by assuming all zones between them are 
of equal duration. Color key: gray (marine shale), yellow (marine sandstone), 
and orange-brown (nonmarine strata); black vertical lines (missing section).
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Fig. 5H) form the first ridge by standing in 
bold relief stratigraphically above (east of) 
the less resistant shales of the lower tongue 
of Mancos Shale and below (west of) the 
carbonaceous shales at the base of the Car-
thage Member (Fig. 4, unit 2, and Fig. 5H), 
which form the first valley. The resistant 
fluvial sandstones in the upper part of the 
Carthage Member (Fig. 4, units 3–5) stand 
in relief stratigraphically below (west of) 
the less resistant marine sandstones in the 
Fite Ranch Sandstone Member (Fig. 4, units 
7–9) and the shales in the D-Cross Tongue 
(Fig. 4, units 11 and 13), which form the sec-
ond valley. The Prionocyclus hyatti-bearing 
concretions (Fig. 4, unit 10, and Fig. 5E) 
make a minor ridge that appears to be in a 
less resistant unit above the top of the Tres 
Hermanos Formation, which would place 
it near the base of the D-Cross Tongue in 
the 1979 reconnaissance interpretation.

A revised interpretation of this outcrop 
is shown in Figures 4 and 5G where the 
D10635 concretions (Fig. 4, unit 10) are 
shown as the uppermost preserved bed of 
the Fite Ranch Sandstone Member. These 
concretions are correlated with the lowest 
level of sandstone concretions in the Fite 
Ranch Sandstone Member at the northern 
section (Fig. 2, unit 5). Key factors in cor-
relating these two beds to each other are 
that: (1) each contains the first occurrence 

of Cameleolopha cf. C. bellaplicata, which was 
verified visually in the original D10635 col-
lection; (2) each represents the lowest (or 
only) bed of sandstone concretions in the 
member; and (3) each contains pieces of 
bored wood (see Cobban 1986, p. 81). At 
the northern section (Fig. 2), bored-wood 
fragments are found only in the concretions 
of unit 5; the wood is unique to this level.1

This reinterpretation has solved two 
problems simultaneously. First, the 25-year-
old mystery of how two key Western Inte-
rior guide fossils, Prionocyclus hyatti and P. 
macombi, became inverted stratigraphically 
in—and only in—Lincoln County, New 
Mexico, is solved. Second, the first occur-
rence of Cameleolopha cf. C. bellaplicata and 
the last occurrence of C. aff. C. bellaplicata in 
the Fite Ranch Sandstone Member (Fig. 4, 
unit 10, D10635) are placed in the P. hyatti 
Zone. Prionocyclids collected elsewhere 
along the outcrop belt from and above this 
level in the Fite Ranch Member tend to be 
specifically indeterminate because they are 
fragments of large adults (Fig. 5F). As such 
they do not reveal characteristics of the inner 
whorls that are needed for specific identifica-
tion. In adults, ventro-lateral tubercles elon-
gate and widen into horns, making it impos-
sible to tell if, originally, they had single (P. 
macombi) or double (P. hyatti) ventro-lateral 
tubercles. Second, it means that the basal part 

of the Fite Ranch Sandstone Member in the 
Bull Gap Canyon area lies in P. hyatti Zone, 
rather than the overlying P. macombi Zone as 
it is elsewhere in central New Mexico (Hook 
et al. 1983). This occurrence with Prionocyclus 
hyatti demonstrates that Cameleolopha aff. C. 
bellaplicata is low enough in the section to be 
an ancestor of C. bellaplicata rather than being 
merely an ecological variant that developed 
only in Lincoln County, New Mexico.

Two other ammonite genera present in the 
Fite Ranch Sandstone at the northern locality 
(Fig. 2) offer the potential to date the rocks 
between Prionocyclus hyatti (D10635) and P. 
macombi (D14952). The northern section has 
yielded three levels of Coilopoceras Hyatt 
(Fig. 2, levels D14947–D14949) and one level 
of Romaniceras Spath (D14949). Coilopoceras 
is a disk-shaped, involute ammonite that 
has a hollow keel; the venter is narrow and 
sharp on early whorls and rounded on later 
whorls. As a result of the hollow keel, seg-
ments of the (filled) siphuncle between septa 
are often absent due to erosion, leaving the 
venter deeply channeled. Romaniceras is a 
more ornate, more evolute, ribbed genus that 
has nine rows of tubercles during an early 
stage of growth.

Species of Coilopoceras evolved more or 
less in lock-step with species of Prionocyc-
lus (Fig. 3). Cobban (1984, fig. 2) subdivided 
the middle Turonian ammonite zones of 
Prionocyclus hyatti and P. macombi into the 
following subzones based on species of the 
Coilopoceratidae: 

However, species of Coilopoceras are dimor-
phic. Cobban and Hook (1980, p. 11), dis-
cussing dimorphism in their extensive 
treatment of the Coilopoceratidae, report 
that “…one form is more compressed than 
the other and tends to be smooth or nearly 
so, The stouter form has broad, foldlike 
primary ribs, narrow secondary ribs, and 
on some specimens, low, rounded ventro-
lateral tubercles.” As luck would have it, 
all of the specimens of Coilopoceras from 
the Fite Ranch Sandstone in the Bull Gap 
Canyon area are the slender form (Figs. 5A 
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FIGURE 4—The Bull Gap Canyon south measured section shows the positions of fossil collections 
from middle Turonian (Upper Cretaceous) rocks exposed at the south end of the outcrop belt of 
the Bull Gap Canyon area, Lincoln County, New Mexico. Stratigraphic units include an erosionally 
incomplete Tres Hermanos Formation and the lower part of the D-Cross Tongue of the Mancos Shale. 
This section was measured in the SW¼ sec. 24 T9S R9E, Bull Gap Canyon 7.5-min quadrangle, Lincoln 
County, New Mexico. Rock symbols, scale, and colors are the same as those used in Figure 2.

1Cobban (1986, fig. 9F–I) published photographs 
of two specimens from D10635 identified as Lopha 
[Cameleolopha] bellaplicata. One of these specimens 
(figs. 9F, G) is Cameleolopha cf. C. bellaplicata; the 
other (figs. 9H, I) is C. aff. C. bellaplicata. Re-exami-
nation of the D10635 collection on January 13, 2011, 
by Hook confirmed that both species are present. 
Subsequent collecting from the outcrop verified 
the presence of both species, although it was not 
possible to determine if the ranges of the two spe-
cies overlap. This locality extends the stratigraphic 
range of C. aff. C. bellaplicata approximately 4 ft 
(1.2 m) upward and the geographic range of both 
species to the southern end of the outcrop belt.
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and 5B). Unfortunately, the slender forms 
of C. springeri and C. colleti are difficult, if 
not impossible, to differentiate. Hence, the 
question marks following the species iden-
tifications in Figure 2.2

In the lower 2 ft (0.6 m) of its range at the 
northern section (Fig. 2, unit 11), Cameleolo-
pha bellaplicata (D14949) occurs with many 
fragments of large prionocyclids, smooth 
coilopocerids, and a single, small, incom-
plete specimen of Romaniceras mexicanum?. 
Romaniceras mexicanum is common in the 
Semilla Sandstone Member of the Mancos 
Shale in north-central New Mexico, where it 
occurs in the Coilopoceras springeri Subzone 
of the Prionocyclus hyatti Zone and does not 
range higher in the section (Kennedy and 
Cobban 1988, p. 33). This occurrence at Bull 
Gap Canyon suggests, but does not prove, 
that the prionocyclid is P. hyatti and that 
the coilopocerid is C. springeri. If this is the 
case, then the D14952 level discussed above, 
which contains P. macombi, was removed by 
erosion at the northern section.3 

Continuing upsection, the sandy concre-
tionary bed near the base of the D-Cross 
Tongue of the Mancos Shale (Fig. 2, unit 13) 
is one of the most fossiliferous, ammonite-
bearing beds in the Upper Cretaceous of 
New Mexico. Collections (in Denver) from 
this bed contain numerous, well-preserved 
specimens of Prionocyclus macombi, Coilopoc-
eras inflatum, Hourcquia mirabilis, and Pla-
centiceras sp., and include the largest speci-
men of C. inflatum known. In addition the 
bed contains well-preserved specimens of 
the bivalve Inoceramus dimidius, the oyster 
Cameleolopha lugubris, and the teeth of the 
shark Ptychodus whipplei. This bed is 7 inches 
(18 cm) thick and lies 6 ft (1.8 m) above the 
base of the D-Cross Tongue at the northern 
section (Fig. 2, unit 13); it is 1.5 ft (46 cm) 
thick and lies 10 ft (3 m) above he base of 
the D-Cross at the southern section (Fig. 4, 
unit 12). At two localities along its outcrop 
belt, including the southern section (Fig. 4, 
D14954), P. wyomingensis has been recovered 
as float, presumably from the top of the bed. 

The soft unit underlying this bed (Fig. 2, 
unit 12 and Fig. 4, unit 11) does not crop out 
anywhere in the area. The upper 2 ft (60 cm), 
where dug out near the south end of the out-
crop belt, consists of noncalcareous shale, 
confirming that it belongs in the D-Cross 
Tongue. Sitting approximately 17 ft (5.2 m) 
above the sandstone concretions at the north-
ern section is a 1–3 inch- (3–8 cm-) thick, dark 
calcarenite of Juana Lopez aspect. This cal-
carenite (Fig. 2, unit 15 and Fig. 4, unit 14) is 
composed primarily of inoceramid and oys-
ter debris. There are occasional impressions 
of prionocyclids and inoceramids along with 
oyster fragments.

Comparison of species

In this section of the paper, the four spe-
cies of the Cameleolopha lugubris group pres-
ent in the Bull Gap Canyon area of Lincoln 
County, New Mexico, are compared and 

contrasted in tabular and graphic forms 
on the basis of overall size, shape, and rib 
density. Additional morphometric charac-
teristics can be found in Appendix 1 and 
the Systematic paleontology section. The 
comparisons below are based on the aver-
age measurements of 166 well-preserved 
specimens distributed among the four spe-
cies as shown in Table 1.

Four of the six collections are from 
the outcrop belt of Fite Ranch Sandstone 
exposed north of Bull Gap Canyon (Fig. 2); 
the D14950 collection is from the Coilopoc-
eras inflatum bed (Fig. 2, unit 13) exposed 
south of the canyon. The D10635 collec-
tion is from the southern end of the out-
crop belt (Fig. 4, unit 10). The sequentially 
numbered collections shown in Figure 
2, for example D14946 through D14950, 
were collected as part of the section-mea-
suring process on March 31, 2010. The key 
Cameleolopha aff. C. bellaplicata collection, 
D14970, was started in November 2010. 
Most of the specimens in D14473 (Fig. 2, 
unit 11) were collected much earlier, in 
December 2007, in a futile effort to deter-
mine which of the two then-recognized 
subspecies of Cameleolopha bellaplicata was 
present in the Fite Ranch Sandstone Mem-
ber (see Hook and Cobban 2011).

The Cameleolopha lugubris group in Lin-
coln County, New Mexico, consists of four 
species of small to medium-sized, ribbed 
oysters with an oval outline. Within the 
group the average height of the shell—the 
distance from beak to shell margin along 
the axis of symmetry—is approximately 
12% greater than the average length of the 
shell, which is the maximum distance from 
valve margin to valve margin perpendicu-
lar to the height. Another way of saying 
this is that the aspect ratio (overall shape of 
the shell) is quite similar in all four species, 
despite differences in modes of life.

The oldest species, Cameleolopha aff. C. bel-
laplicata, is the smallest and most densely 
ribbed of the three species in the C. bellapli-
cata lineage, with an average area of 3.11 cm2 

FIGURE 5—Photographic gallery of the Tres Her-
manos Formation in the Bull Gap Canyon area, 
Lincoln County, New Mexico. A—Outcrop view 
of USGS Mesozoic locality D14473 at a location 
south of Bull Gap Canyon that is between those 
of Figures 2 and 4, from the uppermost bed of the 
Fite Ranch Sandstone Member of the Tres Her-
manos Formation. This bed is a distinctive, fos-
siliferous, dark-brown, rubbly weathering sand-
stone. Fossils include the slender, smooth form 
of the ammonite Coilopoceras springeri? Hyatt 
(USNM 547269), the oyster Cameleolopha bellapli-
cata Shumard, and the infaunal clam Pholadomya 
sp. B—Outcrop view of USGS Mesozoic local-
ity D15017 at the Bull Gap Canyon north mea-
sured section (Fig. 2). Coilopoceras springeri Hyatt 
(USNM 547270) is an 11-inch- (28-cm-) diameter 
ammonite that was weathering out of a light-
brown sandstone concretion (Fig. 2, unit 5) near 
the base of the Fite Ranch Sandstone Member of 
the Tres Hermanos Formation. These concretions 
contain the first occurrence of Cameleolopha cf. C. 
bellaplicata Shumard. C—View along trend of a 
Camino-del-Diablo-style dike that penetrates 
the Tres Hermanos Formation and upper por-
tion of the lower tongue of Mancos Shale at the 
Bull Gap Canyon north measured section. The 
chilled margins of the dike, which is perpendicu-
lar to strike of the beds, give the appearance of a 
sidewalk built to facilitate access to the outcrop. 
Jacob staff is 5 ft (1.5 m) long. D—Spectacular 
outcrop of the Carthage Member of the Tres Her-
manos Formation at the Bull Gap Canyon north 
measured section (Fig. 2). This extensively cross-
bedded, fluvial channel is exposed in the north 
wall of Bull Gap Canyon. E—Outcrop view of 
USGS Mesozoic locality D10635 showing the 
eroded top of the Tres Hermanos Formation 
exposed at the Bull Gap Canyon south measured 
section (Fig. 4, unit 10).These sandstone concre-
tions, which contain an undoubted specimen of 
Prionocyclus hyatti Stanton along with abundant 
Cameleolopha cf. C. bellaplicata and sparse Cam-
eleolopha aff. C. bellaplicata, are correlated with 
the lowest sandstone concretions at the north-
ern section (Fig. 2, unit 5). Those northern con-
cretions are 22 ft (6.6 m) below the top of the 
member and establish the minimum amount of 
section that is missing at the southern section, 
1.40 mi (2.25 km) to the southwest. F—Outcrop 
view of USGS Mesozoic locality D14946, where 
a 12-inch- (30-cm-) diameter specimen of Priono-
cyclus hyatti Stanton (USNM 547271) weathered 
out of the lowest sandstone concretions in the 
Fite Ranch Sandstone Member of the Tres Her-
manos Formation at the northern section (Fig. 2, 
unit 5). Oysters encrust the stratigraphically (and 
depositionally) up side of the internal mold of 
the body chamber. The lack of encrusting oysters 
on the down side of the internal mold suggests 
that this specimen was exhumed during the lith-
ification process, then encrusted by the oysters 
(see Hook and Cobban 1981b, p. 12). Rock ham-
mer is 13 inches (33 cm) long. G—Outcrop of the 
Bull Gap Canyon south measured section (Fig. 4) 
is exposed in profile on the south side of a down-
to-the-north, normal fault. The 1979 reconnais-
sance interpretation is shown above the profile 
of the outcrop, whereas the 2012 revised inter-
pretation is shown below. Refer to pages 78–79 
for a detailed explanation. H—View of the basal 
part of the Tres Hermanos Formation exposed 
in an arroyo at the Bull Gap Canyon south mea-
sured section (Fig. 4). Here, marine, tan and 
brown-weathering sandstones of the Atarque 
Sandstone Member are overlain by nonmarine 
carbonaceous shales in the basal part of the Car-
thage Member. Top field dog Yeso and a 5-ft- 
(1.5-m-) long Jacob staff for scale.

2This is not the case for Coilopoceras inflatum 
Cobban and Hook from the Bull Gap Canyon 
area. Several specimens of both dimorphs serve 
as paratypes for the species (see Cobban and 
Hook 1980, pls. 13, 14, 20, and 21). The strati-
graphic assignments of these Bull Gap Canyon 
localities are in error in Cobban and Hook (1980, 
p. 4, table 1, localities D10626 and D10644) 
because of the previously discussed 1979 recon-
naissance interpretation (Fig. 5G). Both locali-
ties are listed as sandstone concretions at the 
top of the Tres Hermanos Sandstone; in fact 
they come from the base of the Juana Lopez 
beds of the D-Cross Tongue of the Mancos Shale 
(Fig. 2, unit 13; Fig. 4, unit 12).
3The D14952 level, which contains undoubted 
Prionocyclus macombi, has been projected into 
the unconformity in Figure 2 that separates the 
D-Cross Tongue from the Fite Ranch Sandstone 
Member.
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and 5.92 ribs per cm2. Proceeding upsection 
the shells of the succeeding species get pro-
gressively larger and more convex, but are 
less densely ribbed, culminating with C. bel-
laplicata, which has an average valve area of 
7.23 cm2 and a rib density of 2.89 ribs/cm2. 
These averages make the shells of C. bel-
laplicata more than twice as large and twice 
as coarsely ribbed as those of C. aff. C. bel-
laplicata. Cameleolopha lugubris, the last of the 
line as well as being the smallest and most 
finely ribbed of the group at 2.33 cm2 and 
8.85 ribs/cm2, respectively, appears in the 
section approximately 6 ft (1.8 m) above the 
last occurrence of C. bellaplicata. 

The graphical presentation of these data 
is even more striking than the tabular, espe-
cially when the data are shown as ranges of 

the mean value plus and minus one standard 
deviation. Assuming the data are normally 
distributed, then a little more than 68% of the 
sample will fall within one standard devia-
tion of the mean.

Figures 6 and 7 are plots showing these 
ranges for size (height versus length) and rib 
density (ribs at valve margin versus valve 
area) for the Cameleolopha lugubris group. 
Each species is represented by five, clus-
tered, color-coded symbols. The mean value 
for each variable is shown in the center of 
the cluster; the symbol vertically above the 
mean represents the value of the y-variable 
mean plus one standard deviation; the one 
below, this value minus one standard devia-
tion. Likewise, the values horizontally to 
the right and left represent the values of the 

x-variable mean plus and minus one stan-
dard deviation, respectively. The greater the 
distance these points are from the mean, the 
greater the variation within the sample. For 
example, in Figure 6, the red-filled circles 
representing the C. lugubris sample are more 
tightly clustered than the yellow-filled trian-
gles of C. bellaplicata. Therefore, there is more 
variability in the C. bellaplicata sample than in 
the C. lugubris sample.

Some interesting ideas emerge from just a 
cursory examination of the of these graphs. 
In comparing valve size (Fig. 6), there is a 
clear demarcation in size between the small-
sized species (Cameleolopha lugubris and C. 
aff. C. bellaplicata) and the medium-sized 
species (C. bellaplicata and C. cf. bellaplicata). 
Within one standard deviation of the mean, 
there is no overlap between the size class-
es. Within the C. bellaplicata lineage there is 
no size overlap between the two ancestral 
species, C. aff. C. bellaplicata and C. cf. bel-
laplicata, indicating that size may provide a 
means in separating isolated specimens into 
species. There is complete overlap in size of 
C. cf. bellaplicata by C. bellaplicata, indicating 
that size is not a good species-separation 
criterion for these two. (The initially smooth 
shell of C. cf. bellaplicata remains the best cri-
terion.) There is a partial overlap in size of 
C. lugubris, the smallest, with C. aff. C. bel-
laplicata, the next smallest. (The large attach-
ment scar on C. lugubris is the best species 
criterion here.)

Even with these pronounced size differ-
ences among the four species, there is almost 
no change in aspect ratio (= L/H) when 
average values are compared. A regression 
line fitted through only the average values 
for the four Bull Gap Canyon species and 
constrained to go through the origin (0,0), 
i.e., zero length and zero height, has the fol-
lowing equation

H = 1.1222 × L with r2 = 0.9917.
The r2 value indicates that 99.17% of the vari-
ation seen in the sample is accounted for by 
the linear fit. This linear fit indicates that on 
average, the aspect ratio of each of the four 
species is constant, regardless of mode of life, 
whether attached (C. lugubris) or free lying 
(the other three species). When the measured 
sample of C. bellaplicata from the Carthage 
coal field is added (Fig. 6), the equation for 
the line becomes

H = 1.1276 × L with r2 = 0.9952. 
The slope of the line (aspect ratio) is changed 
slightly (< 0.5 %), but 99.52% of the variation 
is explained by the linear fit.

In comparing rib densities (Fig. 7), there 
is considerable overlap among the spe-
cies, especially in the Cameleolopha bellapli-
cata lineage, where C. bellaplicata overlaps 
with both ancestors. There is no overlap 
between the ancestral species, C. aff. C. bel-
laplicata and C. cf. C. bellaplicata, but almost 
a complete overlap of C. cf. C. bellaplicata 
by C. bellaplicata. This overlap in the latter 
two species is expected, because they are 
morphologically so similar except in the 

TABLE 1—Average values for selected parameters of the four species of the Cameleolopha lugubris group 
from the Bull Gap Canyon area of Lincoln County, New Mexico. Species are arranged chronologically 
from oldest (C. aff. C. bellaplicata) at the bottom to youngest (C. lugubris) at the top and are from large 
collections associated with the Bull Gap Canyon north measured section (Fig. 2). Some of the calculated 
values below, which are ratios of averages, differ slightly from those in Appendix 1, which are averages 
of ratios from individual specimens. That is, measurements for every parameter could not be made on 
every specimen in a sample because of incomplete preservation.

Species H
(cm)

L
(cm)

H/L Ribs Area
(cm2)

Ribs/cm2 Locality n =

C. lugubris 1.59 1.44 1.10 20.73 2.33 8.85 D14950/D14992 45

C. bellaplicata 2.81 2.46 1.14 16.57 7.23 2.89 D14473 33

C. cf. C. bellaplicata 2.69 2.38 1.13 15.67 6.44 2.48 D10635/D14947 52

C. aff. C. bellaplicata 1.82 1.69 1.08 17.15 3.11 5.92 D14970 36

FIGURE 6—Graph comparing the sizes of the 
four species of Cameleolopha recovered from the 
Bull Gap Canyon area and the one species from 
the Carthage coal field. The three species of the C. 
bellaplicata lineage are from the Fite Ranch Sand-
stone Member of the Tres Hermanos Formation, 
and the youngest species, C. lugubris, is from the 
basal part of the D-Cross Tongue of the Mancos 
Shale. In this scatter diagram, average height (± 
one standard deviation) is plotted against aver-
age length (± one standard deviation). A linear 
regression fitted to the average values of the four 
Bull Gap Canyon species explains more than 99% 
of the variation in the sample. This regression line 

passes through the average value for the Carthage 
sample, suggesting that there may be a genetic 
control on the aspect ratio (H/L) in Cameleolo-
pha. Among other points, this graph demon-
strates that there is a linear increase in average 
size among the three species of the C. bellaplicata 
lineage with no overlap in size (± one standard 
deviation) between the older two species and 
complete overlap of the middle species by the 
youngest species. There is only a slight overlap 
of the youngest species with the oldest species: 
The largest specimens of C. lugubris (the young-
est) overlap slightly with the smallest specimens 
of C. aff. C. bellaplicata (the oldest).
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amount of shell that is ribbed. There is only 
a small amount of overlap between the two 
end member species, C. aff. C. bellaplicata 
and C. lugubris. Again, this is an expected 
result because they are the smallest and 
most densely ribbed of the four species.

Evolutionary trends

The evolutionary trends observed in the four 
morphotypes of ribbed oysters present in the 
middle Turonian section at Bull Gap Canyon 
fall naturally into two categories: (1) the 
trends in progressively younger representa-
tives of the Cameleolopha bellaplicata lineage; 
and (2) the changes that take place from C. 
bellaplicata to C. lugubris. 

The most evident trend in the Cameleolopha 
bellaplicata lineage is a progressive increase in 
size with virtually no change in aspect ratio 
(Fig. 6) from the dime-sized shells of C. aff. 
C. bellaplicata to the quarter-sized C. cf. C. bel-
laplicata to the quarter to half dollar-sized C. 
bellaplicata. Also within that group, there is 
a decrease from the densely ribbed C. aff. C. 
bellaplicata to more coarsely ribbed forms in 
the younger two species (Fig. 7). The change 
in the left valve from the abrupt convex-
ity of C. aff. C. bellaplicata at maturity to the 
smoothly convex shape of the younger two 
species is also striking. Additionally, there is 
less rib bifurcation in the younger two, with 
rib bifurcation occurring only at maturity in 
the later two. 

The morphologic changes that take place 
from Cameleolopha bellaplicata to C. lugubris 
reverse the trends seen in the older species. 
Cameleolopha lugubris is considerably smaller 
and flatter than C. bellaplicata and returns to 
the abrupt convexity seen in C. aff. C. bellapli-
cata. The greatest change is in mode of life: 
from almost all individuals being free lying 

on the sea floor in the older three species, 
to all individuals being attached, but not 
encrusting, in C. lugubris.

Systematic paleontology
Family Ostreidae

Rafinesque-Schmaltz 1815
Subfamily LOphinae Vyalov [Vialov]

1936, p. 19
Genus Cameleolopha Vyalov [Vialov] 

1936, p. 20
Type species—Ostrea cameleo Coquand 
1869, p. 149.
Description—Stenzel (1971, p. N1164) char-
acterizes this plano-convex genus as small, 
orbicular, oval to spatulate shells as much as 
6 cm in height that have 12–20 angular, nar-
row crested, dichotomous, and intercalating 
radial ribs on both valves that continue to the 
commissure. The right valve is flat, whereas 
the left valve is convex to gibbous. Auricles 
are generally absent but never large.
Stratigraphic distribution—Upper Creta-
ceous (Cenomanian through Turonian).
Geographic distribution—North Africa 
(Algeria), Mexico, and the United States 
(Western Interior and Texas).

Cameleolopha aff. C. bellaplicata 
(Shumard 1860)

Figure 8T–Y
Appendix 1, Table 1

Synonymy

Lopha bellaplicata (Conrad [sic.]) pars; 
Cobban (1986, p. 81, fig. 9H–I).

Description—Cameleolopha aff. C. bellaplicata is 
a small, densely ribbed, nearly flat oyster with 
no to a small attachment scar. It has a nearly 
round shape; the height is generally less than 
10% greater than the length. Ribs range from 

14 to 26 at the shell margin, cover the entire 
surface of both valves, and commonly bifur-
cate. At maturity, there is an abrupt increase 
of convexity of both valves. Chomata (small 
tubercles on the inner surface of the right 
valve or the corresponding pits of the left 
valve) may be present, but were not observed 
on any of the single valves, about 85% of the 
sample. However, many of these valves are 
worn; others are filled with matrix.

In a collection of 36 well-preserved speci-
mens from the Bull Gap Canyon north 
measured section (Appendix 1, Table 1), the 
species has an average height of 1.82 cm, an 
average length of 1.69 cm, and an average 
surface area of 3.11 cm2 (using the inscrib-
ing rectangle as a proxy for surface area). 
The range for the height is 1.39–2.80 cm, for 
the length is 1.25–2.22 cm, and for the area 
is 1.85–6.22 cm2. Ribs, which are narrow and 
rounded, tend to bifurcate early in ontogeny 
(near the beak) and then may bifurcate again 
at maturity (near the shell margin). The aver-
age number of ribs at the shell margin is 17.15, 
with a range of 14–26. This produces average 
rib densities of 5.92 ribs/cm2, 9.63 ribs/cmH 
(of height), and 10.31 ribs/cmL (of length), 
giving C. aff. C. bellaplicata the greatest rib 
density in the C. bellaplicata lineage.

Both valves are initially planar, with only 
a slight amount of curvature on the left 
(lower) valve; then quite abruptly at—what 
is regarded as—maturation, both valves 
diverge toward the hinge line at an angle 
approaching 90°, instantaneously increasing 
curvature. Maturation occurs at an average 
height of 1.56 cm, or approximately 86% of 
final height. This increases the interior vol-
ume of the shell by increasing the distance 
between the valves. The interior surfaces of 
the valves are smooth up to the point of mat-
uration, meaning that the commissure (line 
of junction of the valves) is straight. After 
maturation, the interior surfaces of the valves 
are ribbed, producing a zigzag to undulat-
ing commissure. Muscle scars are reniform 
(kidney-shaped) and located near the line of 
maturation. The average thickness of both 
valves at the ventral margin is 0.60 cm. The 
average thickness to height ratio, which is a 
measure of convexity, is 0.32, the smallest in 
the C. bellaplicata lineage. (The larger the ratio, 
the greater the convexity.)

Paleoecology—Cameleolopha aff. C. bellapli-
cata was a normal marine, epifaunal sus-
pension feeder. Its stratigraphic position 
near the base of the Fite Ranch Sandstone 
Member of the Tres Hermanos Formation 
(Fig. 2, unit 4d, D14970) indicates that the 
species lived in a nearshore, high-energy 
environment. The general absence of an 
attachment scar on the left valve or a xeno-
morphic bump on the right valve of speci-
mens of C. aff. C. bellaplicata indicates that 
the species lived unattached on the sea 
floor. The flat shape of the immature shells, 
followed by the abrupt increase in convex-
ity at maturity indicates that individuals 
lived initially as flat recliners, then as small 
cup-shaped recliners, using Machalski’s 

FIGURE 7—Graph comparing rib densities of 
the same species of Cameleolopha shown on Fig-
ure 6. The number of ribs at the valve margin (± 
one standard deviation) is plotted against aver-
age valve area (± one standard deviation). This 
graph shows that the oldest and youngest spe-
cies, which have the greatest rib densities, are 
more similar to each other than to the middle 
two species, and that the middle two are more 

like each other than they are to either the oldest 
or youngest. There is a 16% overlap of the largest 
C. lugubris with the smallest C. aff. C. bellaplicata, 
but a 68% overlap of C. cf. C. bellaplicata by C. 
bellaplicata, which also slightly overlaps the larg-
est C. aff. C. bellaplicata. Cameleolopha bellaplicata 
from Carthage overlaps C. cf. C. bellaplicata com-
pletely and the smaller C. bellaplicata from Bull 
Gap by approximately 60%.
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(1998, fig. 12A) terminology, which is based 
on Seilacher (1984). 

Examination of 103 specimens from the 
D14970 level reveals small attachment scars 
are on nine left valves (9%); a xenomorphic 
bulge on one right valve (1%); and conspe-
cific attachment on right valves by seven left 
valves (7%), yielding an apparent attach-
ment rate of 15% (17 of 110 because the 
conspecifically attached valves count as two 

individuals). The conspecifically attached 
individuals may indicate overcrowding 
especially in light of the few other speci-
mens with evidence of attachment. Most 
specimens occur as disarticulated valves 
(92 of 103, 89%), indicating the species 
lived in a high-energy, low-sedimentation 
environment. The abrupt change in slope 
of the valves may have been in response to 
increased sedimentation rates but is treated 
as marking the onset of maturity for simplic-
ity in the discussion above.

Occurrence—Cameleolopha aff. C. bellapli-
cata is known from only four localities, all 
in the Bull Gap Canyon area of Lincoln 
County, New Mexico. These four localities 
are spread over a north-south distance of 
1 mi (1.6 km). The species occurs in a thin 
bed of sandstone (Fig. 2, unit 4d) or sand-
stone concretions (Fig. 4, unit 10) near the 
base of the Fite Ranch Sandstone Member 
of the Tres Hermanos Formation and has 
a stratigraphic range of approximately 4 ft 
(1.2 m). It occurs in association with the 
middle Turonian ammonite Prionocyclus 
hyatti and is confined to the P. hyatti Zone.

Discussion—Cameleolopha aff. C. bellapli-
cata is the most striking of the four species, 
especially as seen on the outcrop as flat, 
disarticulated valves whose thin, sharp, 
multiply-bifurcating ribs are eye-catching. 
Cameleolopha aff. C. bellaplicata gave rise to 
C. cf. bellaplicata through large increases in 
size (on average, a 48% increase in height, 
a 41% increase in length, a 107% increase 
in area, and a 180% increase in convexity), 
and a medium decrease in absolute number 
of ribs (on average, 9%). These changes led 
to a 66% reduction in rib density (R/cm2). 
The increase in convexity is accomplished 
through a shift from an abrupt change at 
maturity to a smooth, logarithmic curve 
beginning at shell growth. 

Cameleolopha aff. C. bellaplicata is the oldest 
known species in the C. lugubris group, yet 
it appears suddenly in the middle Turonian 
Prionocyclus hyatti Zone in Lincoln County, 
New Mexico, with advanced features, rath-
er than the primitive or transitional ones 
expected from its nonribbed ancestors. Its 
appearance here and only here in the basal 
part of the transgressive, nearshore strata of 
the Fite Ranch Sandstone Member provides 
clues as to where to look for the origin of the 
first ribbed member of the Ostreidae in the 
Western Interior. That is, of course, assuming 
that C. lugubris group originated in the West-
ern Interior, rather than migrating from the 
Tethyan region, where several earlier, ribbed 
forms are known. 

First, it seems probable that the ancestor(s) 
will be found in an environment similar to 
its descendant; i.e., high energy, nearshore. 
The Tres Hermanos Formation is known to 
be a regressive/transgressive wedge with a 
nonmarine core. The Fite Ranch Sandstone 
Member, the upper transgressive unit, is 
older to the northeast, eventually reach-
ing a shoreline turnaround point where it 

joins—through an offshore bar complex—
the regressive, lower member, which then 
becomes older to the southwest (Hook and 
Cobban 2011, fig. 2). 

Outcrops of the Tres Hermanos Formation 
are rare to the northeast of Bull Gap Canyon. 
The nearest and only known outcrop is in 
White Oaks Canyon (Fig. 1), where the Tres 
Hermanos Formation is 26 ft (8 m) thick and 
was interpreted by C. M. Molenaar (USGS, 
deceased) as an eroded, transgressive sand-
stone complex. Cameleolopha lugubris with an 
occasional reworked valve of C. bellaplicata 
was collected (D11157) from a thin, coarse-
grained sandstone at the top of the Tres Her-
manos there. A specimen of Collignoniceras 
woollgari woollgari (D10804) was collected 
from a limestone concretion in the lower 
tongue of the Mancos Shale, just below the 
base of the Tres Hermanos; Prionocyclus 
macombi (D11159) was collected from the 
D-Cross Tongue approximately 75 ft (23 m) 
above its base. The White Oaks Canyon out-
crop could possibly represent the Semilla 
Sandstone Member of the Mancos Shale—
the offshore bar—rather than the Tres Her-
manos Formation.

The first exposure of the older, regressive 
Atarque Sandstone Member southwest of 
White Oaks Canyon is at Bull Gap Canyon, 
where the Atarque is sparsely fossilifer-
ous and contains only fragmented valves of 
smooth oysters. Farther southwest, outcrops 
are more plentiful in Sierra County. There, 
in Reynolds Canyon, several specimens of a 
small, sparsely ribbed oyster referred in field 
notes to Ostrea sp. (ribbed) were collected at 
one stratigraphic level (USGS locality D14680) 
on the Turner Ranch (Fig. 1) in the southern 
Fra Cristobal Mountains. Ostrea sp. (ribbed) 
is the only ribbed oyster known from the 
Atarque Sandstone. It occurs in rocks that are 
at least two faunal zones older than those con-
taining Cameleolopha aff. C. bellaplicata. Thus, it 
is potentially the progenitor of the Cameleolo-
pha lugubris group. However, more field work 
is needed to substantiate this claim.

Cameleolopha cf. C. bellaplicata 
(Shumard 1860)

Figure 8O–S
Appendix 1, Table 2

Synonymy

Lopha bellaplicata (Conrad [sic.]) pars; 
Cobban (1986, p. 81, fig. 9F–G).

Description—Cameleolopha cf. C. bellaplicata 
is a medium-sized, partially ribbed, plano-
convex oyster with no to a small attachment 
scar. It has a slightly oval shape; the height 
is generally about 13% more than the length. 
Ribs range from 12 to 22 at the shell margin 
and cover the outer 30% or so of both the left 
and right valves. The presence of chomata 
(small tubercles on the inner surface of the 
right valve or the corresponding pits of the 
left valve) could not be determined because 
the vast majority of specimens are fully artic-
ulated, closed shells.

FIGURE 8—Representative specimens (natural 
size) of the five species of Cameleolopha from Lin-
coln and Otero Counties, New Mexico: Cameleo-
lopha lugubris (A–E) from USGS Mesozoic local-
ity D10636 (A), D14950 (B), and D14992 (C–E); 
Cameleolopha aff. C. lugubris (F–J) from D14923; 
Cameleolopha bellaplicata (K–N) from D14473; Cam-
eleolopha cf. C. bellaplicata from D10635 (O–P) and 
D14946 (Q–S); and Cameleolopha aff. C. bellapli-
cata from D14970 (T–Y). Cameleolopha lugubris: 
A (USNM 547272)—exterior view a left valve 
with a large, smooth attachment scar; B (USNM 
547273)—exterior view of left valve with a large 
attachment scar with concentric striations, proba-
bly from an Inoceramus shell; C (USNM 547274)—
exterior view of the right valve with a bean-
shaped, raised xenomorph of the attached object; 
D (USNM 547275)—exterior views of two left 
valves; the smaller is attached to the attachment 
scar of the larger; and E (USNM 547276)—exte-
rior view of a left valve with a large attachment 
scar with concentric striations, probably from an 
Inoceramus shell. Cameleolopha aff. C. lugubris: 
F (USNM 547277)—exterior view of a large, left 
valve with a smooth attachment scar; G (USNM 
547278)—exterior view of a small, left valve with 
no attachment scar; H (USNM 547279)—exterior 
views of the left valve and right valve, respec-
tively, of an initially smooth, articulated speci-
men; I (USNM 547280)—exterior view of a small, 
initially smooth, left valve with no attachment 
scar; and J (USNM 547281)—exterior view of a 
small, left valve with no attachment scar. Cam-
eleolopha bellaplicata: K–L (USNM 547282)—
exterior views of the left valve and right valve, 
respectively, of an articulated specimen with 
probable concentric color bands; M–N (USNM 
547283)—exterior views of the left valve and right 
valve, respectively, of an articulated specimen. 
Cameleolopha cf. C. bellaplicata: O–P (USNM 
547284—exterior views of the left valve and right 
valve, respectively, of an articulated specimen 
that was bored by a carnivorous gastropod. Q–S 
(USNM 547285)—exterior views of the left valve, 
right valve, and side (profile) view of an articu-
lated specimen. Cameleolopha aff. C. bellapli-
cata: T (USNM 547286)—three exterior views of 
an articulated specimen beginning with the left 
valve, showing the abrupt change in curvature at 
maturity and the zigzag commissure; U (USNM 
547287)—three exterior views of an articulated 
specimen with the left valve in the middle, show-
ing the abrupt change in curvature at maturity; V 
(USNM 547288)—exterior view a very large, left 
valve; W (USNM 547289)—exterior view a left 
valve showing the abrupt change in curvature at 
maturity; X (USNM 547290)—three exterior views 
of an articulated specimen with the left valve in 
the middle, showing the abrupt change in cur-
vature at maturity; Y (USNM 547291)—exterior 
view of a right valve. 
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In a collection of 52 well-preserved speci-
mens from the Bull Gap Canyon north and 
south measured sections (Appendix 1, 
Table 2), the species has an average height 
of 2.69 cm, an average length of 2.38 cm, 
and an average surface area of 6.44 cm2 
(using the inscribing rectangle as a proxy 
for surface area). The range for the height is 
1.71–3.29 cm, for the length is 1.68–3.01 cm, 
and for the area is 2.87–9.78 cm2. Ribs, 
which are narrow and rounded, are not 
present on the shell until the oyster reach-
es maturity, at an average of 71% of final 
valve height. The average number of ribs 
at the shell margin is 15.67, with a range of 
12–22. This produces average rib densities 
of 2.48 ribs/cm2, 5.85 ribs/cmH (of height), 
and 6.59 ribs/cmL (of length), making Cam-
eleolopha cf. C. bellaplicata the most coarsely 
ribbed species in the C. lugubris group. 

Both valves are initially smooth with 
only concentric ornamentation. Maturation 
occurs at an average height of approximate-
ly 71% of final height, where the shell has 
a noticeable, but smooth increase in curva-
ture. The interior surfaces of the valves are 
smooth up to the point of maturation, mean-
ing that the commissure (line of junction of 
the valves) is straight. After maturation, the 
interior surfaces of the valves are ribbed, pro-
ducing a zigzag to undulating commissure. 
Muscle scars are reniform (kidney-shaped) 
and located near the line of maturation. The 
average thickness of both valves at the ven-
tral margin is 1.08 cm. The average thickness 
to height ratio (T/H), which is a measure 
of convexity, is 0.41, a 28% increase over its 
ancestor, Cameleolopha aff. C. bellaplicata. 

Paleoecology—Cameleolopha cf. C. bellapli-
cata was a normal marine, epifaunal suspen-
sion feeder. Its stratigraphic position near 
the base of the Fite Ranch Sandstone Mem-
ber of the Tres Hermanos Formation (Fig. 2, 
D14197 level) indicates that the species lived 
in a nearshore, high-energy environment. 
The general absence of an attachment scar 
on the left valve or a xenomorphic bump on 
the right valve of specimens of C. cf. C. bel-
laplicata indicates that the species lived unat-
tached on the sea floor. The plano-convex 
shape of the shells indicates that individuals 
lived as small cup-shaped recliners, using 
Machalski’s (1998, fig. 12A) terminology, 
which is based on Seilacher (1984). 

Examination of 72 specimens from the 
D14947 (Fig. 2) level reveals small attach-
ment scars are present on five left valves 
(7%). No valves are attached conspecifically. 
Most specimens occur as articulated valves; 
those that occur as internal molds have mus-
cle scars on both surfaces, indicating they 
were originally articulated. The majority of 
specimens came from two concretions, both 
of which contained hundreds of specimens 
in coquina-like masses. The full articulation 
combined with a mass mortality of adults, 
suggests a sudden influx of sediment.

Occurrence—Cameleolopha cf. C. bellaplicata is 
known from only five geographic localities, 

all in the Bull Gap Canyon area of Lincoln 
County, New Mexico. These five localities are 
spread over a north-south distance of 3 mi 
(4.8 km). The species occurs initially in a thin 
bed of sandstone concretions (Fig. 2, unit 5) 
about 4 ft (1.2 m) above C. aff. C. bellaplicata. 
From there it ranges through 13 ft (4 m) of 
section, making its last appearance in a 1.5-
ft- (0.5-m-) thick bed of dark-brown, highly 
crossbedded concretions (Fig. 2, unit 9). 
Ammonites occurring with it throughout 
its vertical range are Prionocyclus hyatti and 
Coilopoceras springeri, which confine C. cf. C. 
bellaplicata to the P. hyatti Zone.

Discussion—Cameleolopha cf. C. bellaplicata 
gave rise to C. bellaplicata through small 
increases in size (on average, a 5% increase 
in height, a 4% increase in length, and a 
12% increase in area) and absolute number 
of ribs (on average, a 6% increase), and a 
large increase in the percentage of the left 
valve covered with ribs, from an average 
of the outer 30% to the entire shell (100%).

Cameleolopha bellaplicata (Shumard 1860)
Figure 8K–N

Appendix 1, Table 3

Synonymy [updated from Hook and Cobban 
(2011, p. 83)]

Not Lopha bellaplicata (Conrad [sic.]); Cob-
ban (1986, p. 81, fig. 9F–I).

Nicaisolopha bellicata (sic.); Kues (2008, 
fig. 159, fig. 5).

Cameleolopha bellaplicata (Shumard 1860); 
Hook and Cobban (2011, pp. 83–87, figs. 1D, 
F–J, 11A–O).

Description—Cameleolopha bellaplicata is a 
medium-sized, ribbed, inequivalved, pla-
no-convex oyster with no to a small attach-
ment scar. It has a slightly oval outline; the 
height is generally between 10 and 15% 
more than the length. Ribs range from 6 to 
27 at the shell margin and cover the entire 
surface of both the left and right valves 
(Hook and Cobban 2011, p. 84). Chomata 
(small tubercles on the inner surface of the 
right valve or the corresponding pits of the 
left valve) are common in the species, but 
seldom observed in the Bull Gap speci-
mens, which are often preserved as fully 
closed, articulated valves.

In a collection of 33 well-preserved spec-
imens from the Bull Gap Canyon north 
measured section (Appendix 1, Table 3), the 
species has an average height of 2.81 cm, an 
average length of 2.46 cm, and an average 
surface area of 7.23 cm2 (using the inscrib-
ing rectangle as a proxy for surface area). 
The range for the height is 1.71–4.59 cm, 
for the length is 1.35–3.42 cm, and for the 
area is 2.66–13.20 cm2. Ribs, which are 
narrow and rounded, average 16.57 at the 
shell margin, with a range of 12–22. This 
produces average rib densities of 2.89 ribs/
cm2, 6.34 ribs/cmH (of height), and 7.18 
ribs/cmL (of length), giving C. bellaplicata 
the second coarsest rib density in the C. 
lugubris group. 

Both valves are completely ribbed. The inte-
rior surfaces of the valves are initially smooth 
up to the point of maturation, very near the 
full height of the shell. This means that the 
commissure (line of junction of the valves) 
is straight throughout most of growth. After 
maturation, the interior surfaces of the valves 
are ribbed, producing a zigzag to undulating 
commissure. Muscle scars are reniform (kid-
ney-bean shaped) and located near the line 
of maturation. The average thickness of both 
valves at the ventral margin is 1.19 cm. The 
average thickness to height ratio, which is a 
measure of convexity, is 0.42 almost exactly 
the same as its ancestor, Cameleolopha cf. C. 
bellaplicata. 

Paleoecology—Cameleolopha bellaplicata, 
like its ancestors, was an epifaunal suspen-
sion feeder that lived in normal marine, 
nearshore, sandy environments. The lack 
of attachment scars on the vast majority of 
specimens indicates that it was free lying 
as an adult, probably with the lower part of 
the left valve partially buried in sediment 
to provide stability. This life position would 
make it a cup-shaped recliner according to 
Machalski (1998).

Occurrence—Cameleolopha bellaplicata has 
a much greater geographic range than its 
ancestors; it is known from throughout the 
Four Corners states and Texas. All occur-
rences are from either the middle Turoni-
an Prionocyclus hyatti Zone or the middle 
Turonian P. macombi Zone.

Discussion—Cameleolopha bellaplicata gave 
rise to C. lugubris by a significant decrease in 
size of the shell, a significant increase in the 
number of ribs at the valve margin, and a sig-
nificant change in mode of life. On average to 
make this evolutionary change C. bellaplicata 
decreased in height by 43% ( 2.81–1.44 cm), 
in length by 42% (2.46–1.44 cm), and in area 
by 68% (7.23–2.33 cm2); and increased in rib 
count by 25% (16.57–20.73 ribs) and rib den-
sity by 307% (2.89–8.85 ribs/cm2). The most 
significant change came in mode of life from 
free lying on the sea floor to permanently 
attached to hard objects on the sea floor, for 
example clam, oyster, snail, or ammonite 
shells or fragments. This mode change also 
produced an increase in the size of the attach-
ment scar from ~ 0% to 58% of the area of the 
shell. Two New Mexico specimens of C. bel-
laplicata in the collections housed in Denver 
suggest that individuals of C. bellaplicata had 
been “experimenting” with this attached life 
style. An incomplete left valve from Carthage 
(from D14995) is 3.7 cm high and 4.1 cm long 
with a subcircular attachment scar, 2.6 cm 
by 2.5 cm, that occupies ~ 43% of the valve. 
Another incomplete left valve from Bull Gap 
Canyon (from D14473) is 2.7 cm high and 
2.8 cm long with a circular attachment scar 
1.9 cm in diameter (~ 38%). The valve mar-
gin of this later specimen turns up abruptly 
at ~ 85°, mimicking the abrupt change from 
the attached portion of the left valve to the 
free portion seen in C. lugubris. This abrupt 
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change in convexity is also reminiscent of 
that seen in C. aff. C. bellaplicata.

Specimens of Cameleolopha bellaplicata from 
the Bull Gap Canyon area of Lincoln Coun-
ty, New Mexico (D14473 level in Fig. 2 and 
Appendix 1), are considerably smaller on 
average than those from the Carthage coal 
field area of Socorro County, New Mexico 
(combined D2042 and D10354 from Hook 
and Cobban (2011, appendix 2, tables 2 and 
3)). The Carthage specimens are, on average, 
21% larger in height (3.39– 2.81 cm), 21% larg-
er in length (2.98–2.46 cm), and 51% larger in 
area (10.93–7.23 cm2). Figures 6 and 7 offer 
visual comparisons in size and rib density 
between the samples from Bull Gap Canyon 
and the Carthage coal field. 

By itself, this difference in size may rep-
resent nothing more than a continuation of 
the evolutionary trend of increasing size in 
the Cameleolopha bellaplicata lineage through 
time. The Carthage occurrence appears to be 
younger than that from Bull Gap Canyon. 
The Carthage specimens (D15031) are in the 
basal part of the Prionocyclus macombi Zone; 
those from Bull Gap Canyon (D14949) are 
probably from the upper part of the underly-
ing P. hyatti Zone. The average aspect ratio 
(H/L) of the two samples is virtually identi-
cal (Fig. 6).

However, faunas from both Bull Gap and 
Carthage contain abundant internal molds 
of the infaunal bivalve Pholadomya sp. Speci-
mens of Pholadomya sp. from Carthage are 
considerably larger than those from Bull Gap. 
A quantitative estimate based on two small, 
nonsystematic collections of this clam, one 
from each area, is that the Carthage speci-
mens are approximately 16% larger in height 
(H), 26% larger in length (L), 6% larger in 
width (W), 45% larger in area, and 55% larg-
er in volume than those from Bull Gap. (See 
table below for details.) The collections are 
nonsystematic because the only collection cri-
terion was that the internal molds be reason-
ably complete; there are 24 specimens from 
Carthage and nine from Bull Gap. The aver-
age aspect ratio (H/L) of the two samples is 
virtually identical, especially considering that 
the posterior margins of the internal molds 
are incomplete, reducing the length measure-
ments particularly in the Carthage sample. 
Taken together, these size comparisons sug-
gest that the molluscan epifauna (oysters) 
and infauna (clams) from Bull Gap Canyon 
are part of a dwarf fauna. Specimens of the 
pelagic fauna, i.e., the ammonites, from both 
areas appear to be of similar size.

A fully articulated specimen of Cameleo-
lopha bellaplicata (Fig. 8K–L) from the north-
ern measured section is unusual in that it 
appears to have two dark, concentric color 

bands preserved in the outer third of its right 
valve. Stenzel (1971, p. N997) reports that 
living oysters have many pigmentation pat-
terns, but that traces of coloration are rarely 
found in fossil oysters. Generally, these traces 
are preserved as radial streaks, not concentric 
bands. Cobban (1977, p. 19; pl. 17, figs. 1, 2, 
and 4, and pl. 18, figs. 1 and 2) found radial 
color bands on the left valves of Exogyra aff. 
E. levis Stephenson from the intertongued 
Dakota Sandstone/Mancos Shale sequence 
in central New Mexico.

Cameleolopha lugubris (Conrad 1857)
Figure 8A–E

Appendix 1, Table 4

Synonymy [updated from Kauffman (1965, 
pp. 30–31)]

Lopha lugubris (Conrad); Kauffman et al. 
(1976, pl. 13, figs. 3–5, 7).

Lopha lugubris lugubris (Conrad); Kauff-
man et al. (1976, pl. 13, figs. 6, 8–10).

Lopha lugubris (Conrad); Kauffman (1977, 
pl. 9, figs. 3–5, 7).

Lopha lugubris lugubris (Conrad); Kauff-
man (1977, pl. 9, figs. 6, 8–10).

Lopha; Ratkevich and La Fon (1978, p. 59).
Lopha lugubris; Hook and Cobban (1980, 

figs. 5H, I) 
Lopha lugubris (Conrad); Cobban (1986, 

p. 81, figs. 9C–E).
Lopha lugubris (Conrad); Cobban and 

Hook (1989, fig. 10M).
Lopha lugubris (Conrad); Leckie et al. 

(1997, pl. 33, figs. R–U).
Lopha lugubris lugubris (Conrad); Akers 

and Akers (2002, fig. 182 [pars]).
Nicaisolopha lugubris; Kues (2008, fig. 159, 

fig. 5).
Cameleolopha lugubris (Conrad 1857); 

Hook and Cobban (2011, fig. 1A–C, E).
Description—Cameleolopha lugubris is a 
small, inequivalved, densely ribbed, nearly 
flat oyster with a large attachment scar. It has 
a nearly round shape; the height is generally 
a little more than the length; most specimens 
have heights between 1.5 and 2.0 cm. Left 
valves are a little more convex than right 
valves, which tend to be slightly curved to 
nearly flat. The detailed shape of each valve 
is determined by the attachment object, 
which creates an impressed zone (attach-
ment scar) on the lower valve and a raised 
area (xenomorph) on the right valve. The 
free (unattached), upturned portions of left 
(lower) valves have strong ribs; right (upper) 
valves tend to be smooth initially, then have 
strong ribs in the free (downturned) portions 
of the valve. Chomata (small tubercles on the 
inner surface of the right valve or the corre-
sponding pits of the left valve) are common. 
Chomata are conspicuous on some of Kauff-
man’s (1965 pl. 1, figs. 16–18) photographs of 
Cameleolopha lugubris.

In a collection of 45 well-preserved speci-
mens from the Bull Gap Canyon north area 
(Appendix 1, Table 4), the species has an 
average height of 1.59 cm, an average length 
of 1.44 cm, and an average surface area of 

2.33 cm2 (using the inscribing rectangle as 
a proxy for surface area). The range for the 
height is 1.17–2.09 cm, for the length is 1.02–
1.91 cm, and for the area is 1.22–3.99 cm2. Ribs 
are confined to the outer fringe of the shell, at 
a profound change in convexity of the shell, 
just beyond the large attachment scar; they 
are narrow and rounded, and seldom bifur-
cate. The average number of ribs at the shell 
margin is 20.73, with a range of 16–28. This 
produces average rib densities of 8.85 ribs/
cm2, 12.81 ribs/cmH (of height), and 14.21 
ribs/cmL (of length), giving C. lugubris the 
greatest rib density in the C. lugubris group.

Both valves are initially planar, with only a 
slight amount of curvature on the left (lower) 
valve; then quite abruptly at the margin of 
the attachment scar on the left valve, both 
valves diverge toward the hinge line at a 
high angle, although not as great as in C. aff. 
C. bellaplicata. The area of the attachment scar 
occupies an average of 58% of the left valve 
area, with a range of 18–100%. The interior 
surfaces of both valves are smooth up to 
the point where the shell extends beyond 
the attachment object (= maturation); from 
that point onward, both inside and outside 
surfaces of the valves are ribbed. At matu-
rity, the commissure (line of junction of the 
valves) goes from straight to undulating, but 
at a smaller amplitude and wavelength than 
the C. bellaplicata lineage. Muscle scars are 
reniform (kidney-shaped) and located near 
the line of maturation. The average height 
to thickness (of both valves) ratio, which 
is a measure of convexity, cannot be mea-
sured directly on this sample, which consists 
entirely of disarticulated valves. An estimate, 
based on placing a right valve on a left valve 
of similar size (Appendix 1, Table 4, speci-
mens #11 and #2 from D14992) is 0.35. This 
value seems reasonable because it is very 
close to the average obtained from the C. aff. 
C. bellaplicata sample (0.32), which contains 
valves of similar size and aspect.

Paleoecology—Cameleolopha lugubris, like 
the other members of the group, was an epi-
faunal suspension feeder. Unlike the other 
members of the group, C. lugubris lived its 
entire life attached to hard objects on the sea 
floor. These objects were generally the arago-
nitic shells of other invertebrates that either 
lived on the sea floor, for example clams and 
snails, or accumulated on the sea floor after 
death, for example ammonites. After burial 
these aragonitic shells dissolved, freeing the 
calcitic oyster valve from its bond and leav-
ing only the impression of the attached object 
in the left valve of the oyster. The preferred 
attachment objects in the Bull Gap Canyon 
area were Inoceramus shells, most probably I. 
dimidius. Generally speaking, only one indi-
vidual oyster attached to an object on the 
sea floor. Therefore, several individuals of 
C. lugubris did not “encrust” objects on the 
sea floor in the same sense that Ostrea beloiti 
Logan did (see Cobban and Hook 1980).

Cameleolopha lugubris is found most com-
monly as well-preserved, disarticulated 

H
(cm)

L
(cm)

W
(cm)

H/L H × L
(cm2)

H × L × W
(cm2)

Carthage 3.67 5.99 3.36 0.61 21.98 73.86

Bull Gap 3.16 4.74 3.18 0.67 14.98 47.63

Difference 0.51 1.25 0.18 -0.06 7.00 26.23

% difference 16.1% 26.4% 5.7% -9.0% 46.8% 55.1%
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valves in calcarenites associated with the 
Juana Lopez Member of the Mancos Shale. 
The calcarenites, which are composed of the 
bioclastic debris of inoceramid shells, sug-
gest that C. lugubris liked high-energy, low-
sedimentation conditions. The disarticulat-
ed valves also suggest low sedimentation, 
whereas, the good preservation of both right 
and left valves is probably due to the hydro-
dynamic properties of the almost flat valves. 

Occurrence—Cameleolopha lugubris has the 
greatest geographic range of the entire group; 
it is known from throughout the Western 
Interior, as well as from Texas and Mexico. 
Hook and Cobban (1980, fig. 1) show the dis-
tribution of C. lugubris in the Western Interior. 
Since then, C. lugubris has been found in east-
ern Arizona. All occurrences of ribbed forms 
are from either the middle Turonian Prionocy-
clus macombi or P. wyomingensis Zones. Dane 
et al. (1966, p. H9) report a smooth (unribbed) 
form from the upper Turonian P. novimexica-
nus Zone in New Mexico. This smooth form 
is probably a new or different species that 
should be assigned to a different genus. In 
New Mexico and Colorado, C. lugubris is a 
guide fossil to the Juana Lopez Member of 
the Mancos Shale.

Discussion—Kauffman (1965, p. 41) noted 
that Cameleolopha lugubris “…is amazingly 
consistent in form for an ostreid.” He went on 
to observe that it commonly occurred in great 
numbers as individual valves that “…are typ-
ically unbroken, separated, and oriented with 
the convex side upward. They do not occur 
in beds or “colonies,” and very few show any 
evidence of deformation due to crowding. In 
many cases, they are the only well-preserved, 
complete shells in the [rock].“ Beside being 
distinctive, it has a wide geographic distribu-
tion and a short vertical range, making it an 
excellent guide fossil.

Oysters as guide fossils

Fossil oysters make excellent Late Cretaceous 
guide fossils in the Western Interior of the 
United States. They are widespread, can have 
short vertical ranges, occur in great numbers, 
usually as original shells because of their 
calcitic, rather than aragonitic, composition, 
and are generally easy to identify. They are 
not usually ideal guide fossils because they 
are often restricted ecologically, for example 
to high-energy, nearshore environments or to 
brackish water environments. Crassostrea sole-
niscus (Meek), an elongate, thick-shelled oys-
ter that occurs in great numbers in nearshore 
deposits throughout the Upper Cretaceous, 
often as reefs, is a good example of a spe-
cies restricted by salinity tolerance to brack-
ish water deposits. It lacks the short vertical 
range and ecological tolerance of an ideal 
guide fossil, but makes an excellent paleo-
ecological indicator.

The importance of fossil oysters as Late 
Cretaceous faunal elements in the Western 
Interior has been recognized since at least 
1876 when Meek published his monumen-
tal volume on the faunas of upper Missouri 

country. Their importance was great enough 
that in 1884 an entire quarto-sized volume 
on the fossil Ostreidae of North America 
appeared in print (White 1883). Stephenson 
et al. (1942), in correlating Upper Cretaceous 
rocks of the Atlantic coast, Gulf coast, and 
Trans-Pecos Texas, rely primarily on ammo-
nites, but show the ranges of four Upper 
Cretaceous oysters including the middle 
Turonian ribbed oyster Cameleolopha lugubris 
(Conrad). Cobban (1977) has illustrations and 
brief descriptions of 12 species of middle-late 
Cenomanian oysters that occur in the inter-
tongued Dakota Sandstone/Mancos Shale in 
west-central New Mexico.

The biostratigraphic importance of Cam-
eleolopha lugubris was noted first by Newber-
ry (1876, p. 33) in northeast New Mexico, in 
the widespread “…ferruginous, laminated, 
sandy limestone…” Much later, this calca-
renite and shale unit was named the Juana 
Lopez Member of the Mancos Shale (Rankin 
1944, pp. 12, 19, and 20). Stanton (1893), in his 
tremendously influential study of the faunas 
of the Colorado Group of the Western Inte-
rior, popularized a rather broad view of what 
constituted C. lugubris. He defined C. lugubris 
as a variable oyster that ranged from a small 
dwarf form with a large attachment scar, C. 
lugubris (Conrad 1857) by original defini-
tion, to a medium-sized form with a small 
to absent attachment scar, C. bellaplicata (Shu-
mard 1860), to an even larger form, C. blackii 
(White 1880). By date priority, C. lugubris 
became the name of the single, variable spe-
cies. Kauffman (1965), in his morphometric 
look at the C. lugubris group, demonstrated 
that C. lugubris and C. bellaplicata were each 
a valid species and placed C. blackii in syn-
onymy with C. bellaplicata. Kauffman’s (1965) 
chronological subspecies within C. bellaplicata 
have been shown to be unnecessary (Hook 
and Cobban 2011). 

Kauffman’s (1965) biostratigraphic anal-
ysis of the two named species in the C. 
lugubris group demonstrated that C. bel-
laplicata, the older and larger species, was 
confined to the middle Turonian and that 
C. lugubris, the younger, smaller form, was 
confined to the upper Turonian (as defined 
then). Kauffman (1965, p. 3) stated that 
“The restricted ranges, broad geographic 
distribution, and abundance of individual 
species …[of the C. lugubris group] render 
them useful as stratigraphic tools in regional 
correlation.” His further assertion that “In 
many areas they are the best available indi-
ces,” has proven to be true, especially in cor-
relations of the Tres Hermanos Formation in 
the southern Zuni Basin (see Hook and Cob-
ban 2011, fig. 10) and central New Mexico 
(Hook et al. 1983, chart 1). His paper helped 
lay the foundation for Dane et al.’s (1966 
and 1968) important stratigraphic and bio-
stratigraphic work on the Juana Lopez and 
Semilla Sandstone Members of the Mancos 
Shale in the San Juan Basin. Dane et al.’s 
(1966 and 1968) papers refined the biostra-
tigraphy of the two species, but did not 
materially alter Kauffman’s conclusions.

Since 1965, seven papers on the Upper Cre-
taceous of New Mexico and surrounding areas 

have treated oysters as important biostrati-
graphic indices. These papers are (1) Cobban’s 
(1977) work on the faunas of the intertongued 
Dakota Sandstone and Mancos Shale of west-
central New Mexico; (2) Hook and Cobban’s 
(1977) paper on Pycnodonte newberryi (Stanton) 
in the Four Corner’s states; (3) Hook and Cob-
ban’s (1980) paper on the Juana Lopez Mem-
ber of the Mancos Shale of northeast New 
Mexico, including a section on Cameleolopha 
lugubris (Conrad); (4) Cobban and Hook’s 
(1980) study of Ostrea beloiti Logan in Trans-
Pecos Texas; (5) Hook and Cobban’s (1981a) 
paper on “Lopha” sannionis (White) in New 
Mexico; (6) Hook's (2010) extensive treatment 
of Flemingostrea elegans in central New Mexico; 
and (7) Hook and Cobban’s (2011) extensive 
treatment of Cameleolopha bellaplicata (Shu-
mard) in New Mexico. These oyster species 
range in age from middle Cenomanian (O. 
beloiti) to early Coniacian (F. elegans). With the 
exception of Kauffman’s (1965) and Cobban’s 
(1977) work, none of the other papers treats 
a stratigraphic sequence of occurrences of 
species showing evolutionary changes from 
ancestor to descendant. Kauffman (1965) 
discusses the evolutionary changes between 
two ribbed species of the Family Ostreidae: 
C. bellaplicata and C. lugubris. Cobban’s paper 
shows changes in two species in the Family 
Gryphaeidae: Pycnodonte aff. P. kellumi and 
P. cf. P. kellumi. The evolutionary changes in 
the last two species can be continued upward 
stratigraphically into P. newberryi, which was 
treated by Hook and Cobban (1977).4

This lack of lineages within published fos-
sil oyster groups is part of what makes the 
stratigraphic section at Bull Gap Canyon, 
Lincoln County, New Mexico, so interesting. 
There, the Fite Ranch Sandstone Member of 
the Tres Hermanos Formation and the base of 
the overlying D-Cross Tongue of the Mancos 
Shale contain four morphologically different 
species of ribbed Ostreidae in stratigraphi-
cally distinct intervals, including two specifi-
cally unnamed ancestral species, Cameleolo-
pha aff. C. bellaplicata and C. cf. C. bellaplicata 
in the basal part of the Fite Ranch and the 

4Stenzel (1971) emphasizes that the Ostreidae are 
generally medium- to large-sized oysters with 
reniform (kidney-shaped) muscle scars located 
closer to the valve margin than the hinge. Valves 
are subequal in some genera to highly unequal 
in others. Attachment scars range from small to 
large; some genera form true oyster reefs in which 
conspecific individuals attach to one another. 
Salinity tolerances range from normal marine to 
brackish water. By contrast, members of the Fami-
ly Gryphaeidae, the other important group of oys-
ters present in early Late Cretaceous faunas, are 
often smaller, with orbicular muscle scars located 
closer to the hinge than the valve margin. Valves 
are highly unequal in many genera to subequal in 
others. Attachment scars are tiny to small in most 
genera; they do not form true reefs with conspe-
cific individuals growing on one another. Salinity 
tolerances range from euhaline to stenohaline.
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two named species, Cameleolopha bellaplicata 
and C. lugubris, in the uppermost bed of the 
Fite Ranch Sandstone and in a sandy concre-
tion bed just above the base of the D-Cross 
Tongue, respectively.

Ribbed oysters in the Western Interior

Plicate (ribbed) oysters are unusual ele-
ments of middle Cenomanian to early 
Coniacian (early Late Cretaceous) faunas 
in the Western Interior. This is especially 
true of members of the Family Ostreidae. 

The oldest ribbed member of the Ostre-
idae in the Western Interior is Lopha 
staufferi Berquist from the late Cenomanian 
Metoicoceras mosbyense Zone (see Fig. 3) in 
Minnesota (Berquist 1944), western New 
Mexico (Cobban 1977, p. 20; and Cobban 
and Kennedy 1990), and eastern Arizona 
(Kirkland 1996, p. 42). Lopha staufferi is a 
medium-sized oyster (as much as ~8 cm) 
with subequal valves and 8–12 angular 
plications on the outer half of both valves 
that give the shell a distinctive zigzag 
commissure (line of closure). Paleogeo-
graphically, L. staufferi has been found on 
the eastern shoreline (Minnesota) of the 
Late Cretaceous Western Interior seaway 
and the western shoreline (Arizona and 
New Mexico), but nowhere in between.

The next ribbed member of the Ostre-
idae to appear in the Western Interior is 
from the lower Turonian Mammites nodo-
soides Zone, nine ammonite zones above 
Lopha staufferi and about 2.8 m.y. later 
(Fig. 3). Ostrea sp. (ribbed), which was 
mentioned earlier in the paper, is a small, 
specifically unnamed form known from 
only one occurrence on the Turner Ranch 
in the southern Fra Cristobal Mountains 
of Sierra County, New Mexico (Fig. 1). It 
occurs near the top of the Atarque Sand-
stone Member of the Tres Hermanos For-
mation, just above sandstones containing 
the early Turonian ammonite Cibolaites 
molenaari Cobban and Hook 1983.

Cibolaites molenaari was described from 
concretions in the lower Turonian Mammites 
nodosoides Zone in the Fence Lake area of 
Cibola County, New Mexico (Fig. 1). Cibo-
laites molenaari is a rare ammonite, known 
from only four localities in New Mexico: 
(1) the Rio Salado Tongue of the Mancos 
Shale in the type area for the species in Cibo-
la County; (2) the Atarque Sandstone Mem-
ber of the Tres Hermanos Formation in Sier-
ra County; and the upper part of the lower 
tongue of the Mancos Shale in (3) Sierra and 
(4) Otero Counties.5 Cibolaites molenaari is 
the oldest known member of the ammonite 
subfamily Collignoniceratinae (Kennedy et 
al. 2001, p. 13) and is the immediate ancestor 
of the much better known, middle Turonian 
ammonite Collignoniceras woollgari woollgari 
(Mantell 1822). In the Fra Cristobal and 
Caballo Mountains of Sierra County, rocks 
of early middle Turonian age (C. w. wooll-
gari through Prionocyclus hyatti Zones) in 

the overlying Carthage Member of the Tres 
Hermanos Formation are nonmarine.

The next species of ribbed Ostreidae to 
appear in the Western Interior is Cameleo-
lopha aff. C. bellaplicata, which appears in 
the middle Turonian Prionocyclus hyatti 
Zone in Lincoln County, New Mexico, 
about 3.3 m.y. after the appearance of 
Lopha staufferi, and 0.7 m.y. after Ostrea sp. 
(ribbed). Cameleolopha aff. C. bellaplicata is 
the oldest known ancestor of the two for-
mally named chronological species of the 
Cameleolopha lugubris group, C. lugubris 
(Conrad 1857) and C. bellaplicata (Shumard 
1860). Both are easily recognized faunal 
components of middle and upper Turonian 
rocks throughout the Western Interior and 
Texas. Cameleolopha bellaplicata is restricted 
to the middle Turonian ammonite zones of 
Prionocyclus hyatti and P. macombi in Ari-
zona, Colorado, New Mexico, Utah, and 
Texas, whereas, C. lugubris ranges from the 
upper part of the P. macombi Zone through 
the entire P. wyomingensis Zone, and pos-
sibly into the base of the P. novimexicanus 
Zone throughout the entire Western Inte-
rior and Texas. At the base of its range C. 
lugubris is not known to co-occur with C. 
bellaplicata. 

In New Mexico, these two oyster species 
are excellent guide fossils to strata depos-
ited near the western shoreline of the Late 
Cretaceous seaway during waning stage 
of the first major regression (R-1) and the 
early stage of the second major transgres-
sion (T-2). Cameleolopha bellaplicata is abun-
dant in the nearshore sandstones of the 
Fite Ranch Sandstone Member of the Tres 
Hermanos Formation, whereas C. lugubris 
is a primary component of calcarenites in 
the overlying Mancos Shale, particularly 
the Juana Lopez Member.
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Appendix 1
Tables of measurements made on specimens of Cameleolopha from Bull Gap Canyon, Lincoln County, New Mexico, housed at the Denver Fed-
eral Center, Colorado. H = valve height; L = valve length; MattH = valve height at maturation; MH/H = maturation height divided by valve 
height; H/L = valve height divided by valve length; T = thickness of the shell (both valves); Ribs = rib count at valve margin; BIF = number of 
ribs that bifurcate; Area = area of rectangle that bounds valve (A = H × L); Ribs/cm2 = ribs at valve margin per unit area (= Ribs/Area); R/H 
= ribs per cm of height; R/L = ribs per cm of length; Notes = additional information; AV = mean; and STDEV = standard deviation. Abbrevia-
tions that apply to only C. lugubris: AtH = height of attachment scar; AtL = length of attachment scar; AtH/AtL = height of attachment scar 
divided by length of attachment scar; ASA = attachment scar area; ASA/A = area of attachment scar divided by area of valve; and rib# × 2 = 
half valve rib count doubled.

TABLE 1—Cameleolopha aff. C. bellaplicata (Shumard). All specimens (1–36) are from the Fite Ranch Sandstone Member of the Tres Hermanos Formation 
(Fig. 2, unit 4d), USGS Mesozoic locality D14970 in the SW¼ sec. 18 T9S R9E, Bull Gap 7.5-min quadrangle, Lincoln County, New Mexico.

Specimen H
(cm)

L
(cm)

MattH
(cm)

MH/H H/L T
(cm)

T/H Ribs BIF Area
(cm2)

Ribs/cm2 R/H
(r/cm)

R/L
(r/cm)

Valve Notes

1 2.19 2.07 1.72 0.79 1.06 0.97 0.4 4.53 left in matrix
2 2.80 2.22 1.52 0.54 1.26 0.57 0.2 18 3 6.22 2.90 6.43 8.11 left largest; USNM 547288
3 2.17 2.21 1.70 0.78 0.98 0.69 0.3 17 0 4.80 3.54 7.83 7.69 left muscle scar
4 2.23 1.91 1.90 0.85 1.17 0.61 0.3 17 3 4.26 3.99 7.62 8.90 left
5 1.85 1.70 1.82 0.98 1.09 0.99 0.5 18 2 3.15 5.72 9.73 10.59 left abrupt slope
6 1.68 1.76 1.50 0.89 0.95 1.24 0.7 18 0 2.96 6.09 10.71 10.23 left abrupt slope; rib# × 2
7 2.14 1.88 1.60 0.75 1.14 0.97 0.5 20 0 4.02 4.97 9.35 10.64 left abrupt slope;

USNM 547289
8 1.49 1.52 1.25 0.84 0.98 0.65 0.4 17 2 2.26 7.51 11.41 11.18 left slightly curve axis; small

att scar
9 1.71 1.44 1.68 0.98 1.19 0.78 0.5 14 1 2.46 5.69 8.19 9.72 left abrupt slope

10 2.07 1.76 1.35 0.65 1.18 0.97 0.5 19 1 3.64 5.22 9.18 10.80 left small att scar
11 1.48 1.25 1.18 0.38 0.3 15 4 1.85 8.11 10.14 12.00 left immature
12 1.51 1.58 1.50 0.99 0.96 0.71 0.5 16 3 2.39 6.71 10.60 10.13 left
13 1.53 1.42 1.53 1.00 1.08 0.61 0.4 15 0 2.17 6.90 9.80 10.56 right abrupt slope
14 1.58 1.35 1.17 0.46 0.3 18 2 2.13 8.44 11.39 13.33 left immature
15 1.46 1.39 1.37 0.94 1.05 0.47 0.3 16 2 2.03 7.88 10.96 11.51 left
16 1.39 1.47 1.29 0.93 0.95 0.63 0.5 14 2 2.04 6.85 10.07 9.52 left beak missing
17 1.62 1.61 1.01 0.30 0.2 14 0 2.61 5.37 8.64 8.70 right conspecifically encrusted;

muscle scar
18 2.05 1.88 1.64 0.80 1.09 0.45 0.2 18 3 3.85 4.67 8.78 9.57 right muscle scar
19 2.01 1.79 1.56 0.78 1.12 0.43 0.2 14 0 3.60 3.89 6.97 7.82 right muscle scar
20 2.06 0.52 16 3 7.77 right muscle scar
21 1.80 1.50 1.71 0.95 1.20 0.57 0.3 18 2 2.70 6.67 10.00 12.00 right muscle scar
22 1.69 1.59 1.56 0.92 1.06 0.51 0.3 16 2.69 5.95 9.47 10.06 right
23 1.75 1.92 0.91 0.0 18 2 3.36 5.36 10.29 9.38 right immature
24 1.55 1.45 1.46 0.94 1.07 0.43 0.3 16 2.25 7.12 10.32 11.03 right muscle scar
25 1.72 1.72 1.65 0.96 1.00 0.43 0.3 20 2 2.96 6.76 11.63 11.63 right USNM 547291
26 1.74 1.96 1.56 0.90 0.89 0.54 0.3 14 3.41 4.11 8.05 7.14 right
27 1.47 1.45 1.44 0.98 1.01 0.48 0.3 14 1 2.13 6.57 9.52 9.66 right
28 1.76 1.47 1.39 0.79 1.20 0.51 0.3 2.59 right
29 1.96 2.00 1.86 0.95 0.98 0.58 0.3 18 4 3.92 4.59 9.18 9.00 right
30 1.74 1.29 1.35 22 4 2.24 9.80 12.64 17.05 both slightly curved axis
31 1.76 1.55 1.14 18 2 2.73 6.60 10.23 11.61 both
32 1.97 1.64 1.34 0.68 1.20 0.47 0.2 20 4 3.23 6.19 10.15 12.20 both
33 2.18 2.17 1.60 0.73 1.00 0.24 0.1 26 4 4.73 5.50 11.93 11.98 both broken rib# × 2
34 1.84 1.35 1.46 0.79 1.36 0.39 0.2 2.48 right cemented completely to 

this RV
35 1.86 1.66 1.47 0.79 1.12 0.45 0.2 16 2 3.09 5.18 8.60 9.64 left rib# × 2
36 1.94 1.76 1.80 0.93 1.10 0.77 0.4 16 3.41 4.69 8.25 9.09 both rib# × 2; large AS(ino?); 

xenomorphic bulge on 
right valve

AV 1.82 1.69 1.56 0.86 1.09 0.60 0.32 17.15 2.00 3.11 5.92 9.63 10.31 B = 5
STDEV 0.29 0.27 0.17 0.12 0.11 0.22 0.14 2.59 1.36 0.98 1.53 1.45 1.93 L = 16

R = 15
range:
from 1.39 1.25 1.25 0.54 0.89 0.24 1.4 14 0 1.85 2.90 6.43 7.14

to 2.80 2.22 1.90 1.00 1.36 1.24 9.1 26 4 6.22 9.80 12.64 17.05



92 New Mexico GeoloGy August 2012, Volume 34, Number 3

TABLE 2—Cameleolopha cf. C. bellaplicata (Shumard). Specimens 1–42 are from the Fite Ranch Sandstone Member of the Tres Hermanos Formation (Fig. 2, 
unit 5), USGS Mesozoic locality D14947 in the SW¼ sec. 18 T9S R9E, Bull Gap 7.5-min quadrangle, Lincoln County, New Mexico. Specimens A–J are from 
Fite Ranch Sandstone Member of the Tres Hermanos Formation (Fig. 4, unit 10), USGS Mesozoic locality D10635 in the NW¼ sec. 25 T9S R9E, Bull Gap 
7.5-min quadrangle, Lincoln County, New Mexico.

Specimen H
(cm)

L
(cm)

MattH
(cm)

MH/H H/L T
(cm)

T/H Ribs BIF Area
(cm2)

Ribs/cm2 R/H
(r/cm)

R/L
(r/cm)

Valve Notes

1 2.59 2.41 1.98 0.76 1.07 14 0 6.24 2.24 5.41 5.81 both circular att scar; 8.7 mm 
diameter

2 2.49 2.28 1.90 0.76 1.09 1.14 0.46 5.68 both incomplete
3 2.82 2.47 2.00 0.71 1.14 0.83 0.29 13 0 6.97 1.87 4.61 5.26 both rib# × 2
4 2.61 2.13 2.13 0.82 1.23 1.23 0.47 14 0 5.56 2.52 5.36 6.57 both rib# × 2
5 3.14 2.48 2.33 0.74 1.27 1.10 0.35 7.79 both
6 2.53 2.19 1.78 0.70 1.16 5.54 both lost
7 2.75 2.43 2.31 0.84 1.13 1.21 0.44 15 0 6.68 2.24 5.45 6.17 both
8 2.54 2.27 1.92 0.76 1.12 0.85 0.33 5.77 none internal mold; LV muscle 

scar: 10.9 × 5.7 mm
9 2.50 2.24 2.08 0.83 1.12 1.04 0.42 14 0 5.60 2.50 5.60 6.25 both rib# × 2

10 2.62 2.47 1.77 0.68 1.06 1.15 0.44 14 1 6.47 2.16 5.34 5.67 both
11 2.86 2.56 2.20 0.77 1.12 1.19 0.42 13 1 7.32 1.78 4.55 5.08 both
12 2.78 2.42 1.90 0.68 1.15 1.16 0.42 14 0 6.73 2.08 5.04 5.79 both rib# × 2
13 2.81 2.32 1.87 0.67 1.21 1.01 0.36 13 0 6.52 1.99 4.63 5.60 both
14 2.86 2.57 2.15 0.75 1.11 1.12 0.39 14 0 7.35 1.90 4.90 5.45 both
15 2.70 2.59 1.83 0.68 1.04 1.09 0.40 14 0 6.99 2.00 5.19 5.41 both
16 2.38 2.30 1.55 0.65 1.03 1.35 0.57 15 0 5.47 2.74 6.30 6.52 both
17 2.85 2.54 2.20 0.77 1.12 0.97 0.34 17 2 7.24 2.35 5.96 6.69 both
18 2.46 2.33 1.76 0.72 1.06 0.92 0.37 14 0 5.73 2.44 5.69 6.01 both
19 2.98 2.43 1.88 0.63 1.23 0.92 0.31 15 0 7.24 2.07 5.03 6.17 both
20 3.14 2.55 1.43 0.46 1.23 1.43 0.46 16 0 8.01 2.00 5.10 6.27 both
21 2.73 2.19 2.03 0.74 1.25 1.03 0.38 12 0 5.98 2.01 4.40 5.48 both
22 2.52 2.28 2.11 0.84 1.11 0.94 0.37 12 1 5.75 2.09 4.76 5.26 both
23 3.23 2.59 2.06 0.64 1.25 1.75 0.54 15 1 8.37 1.79 4.64 5.79 both rib# × 2
24 3.07 2.56 1.90 0.62 1.20 16 0 7.86 2.04 5.21 6.25 both rib# × 2
25 2.54 2.10 1.94 0.76 1.21 1.08 0.43 18 0 5.33 3.37 7.09 8.57 both rib# × 2
26 2.12 1.98 1.50 0.71 1.07 0.87 0.41 12 0 4.20 2.86 5.66 6.06 both rib# × 2
27 3.14 2.56 2.32 0.74 1.23 1.35 0.43 16 0 8.04 1.99 5.10 6.25 both
28 2.69 2.46 1.73 0.64 1.09 1.12 0.42 14 0 6.62 2.12 5.20 5.69 both
29 2.65 2.49 1.97 0.74 1.06 0.99 0.37 14 0 6.60 2.12 5.28 5.62 both rib# × 2
30 2.36 2.22 1.65 0.70 1.06 1.03 0.44 12 0 5.24 2.29 5.08 5.41 both rib# × 2
31 2.62 1.57 0.60 14 0 5.34 both rib# × 2
32 3.29 2.68 2.33 0.71 1.23 1.04 0.32 14 0 8.82 1.59 4.26 5.22 both rib# × 2
33 2.53 2.17 2.05 0.81 1.17 1.13 0.45 18 0 5.49 3.28 7.11 8.29 both rib# × 2
34 2.88 2.35 2.11 0.73 1.23 1.03 0.36 17 0 6.77 2.51 5.90 7.23 both
35 2.48 2.52 2.20 0.89 0.98 1.13 0.46 16 0 6.25 2.56 6.45 6.35 both rib# × 2
36 2.54 2.54 1.45 0.57 1.00 0.85 0.33 16 0 6.45 2.48 6.30 6.30 both rib# × 2
37 2.82 2.29 2.03 0.72 1.23 0.94 0.33 6.46 both
38 2.73 2.39 1.21 0.44 1.16 16 0 6.44 2.48 5.86 6.78 both att scar: 12.1 × 8 mm
39 2.28 2.15 1.67 0.73 1.06 1.27 0.56 20 0 4.90 4.08 8.77 9.30 both rib# × 2
40 1.71 1.68 1.29 0.75 1.02 0.60 0.35 2.87 none internal mold
41 2.55 2.30 1.13 0.44 1.11 1.14 0.45 18 0 5.87 3.07 7.06 7.83 both rib# × 2
42 2.78 2.61 1.77 0.64 1.07 7.26 right
A 3.25 3.01 2.27 0.70 1.43 1.00 0.31 18 0 9.78 1.84 5.54 5.98 both rib# × 2
B 2.66 2.50 2.16 0.81 1.23 1.17 0.44 18 0 6.65 2.71 6.77 7.20 both
C 2.91 2.43 2.23 0.77 1.30 1.16 0.40 16 0 7.07 2.26 5.50 6.58 both
D 2.54 2.21 1.57 0.62 1.62 0.81 0.32 16 0 5.61 2.85 6.30 7.24 both rib# × 2
E 2.92 2.54 2.16 0.74 1.35 1.00 0.34 22 2 7.42 2.97 7.53 8.66 both rib# × 2
F 2.36 2.15 1.77 0.75 1.33 1.09 0.46 20 2 5.07 3.94 8.47 9.30 both rib# × 2
G 2.43 2.04 1.70 0.70 1.43 1.24 0.51 20 0 4.96 4.03 8.23 9.80 both rib# × 2
H 2.96 2.60 2.27 0.77 1.30 1.21 0.41 20 0 7.70 2.60 6.76 7.69 both
I 2.86 2.55 1.97 0.69 1.45 1.02 0.36 20 0 7.29 2.74 6.99 7.84 both
J 2.09 2.24 1.30 0.62 1.61 1.09 0.52 16 0 4.68 3.42 7.66 7.14 both USNM 547284

AV 2.69 2.38 1.89 0.71 1.19 1.08 0.41 15.67 6.44 2.48 5.85 6.59 B = 49
STDEV 0.31 0.22 0.31 0.09 0.14 0.19 0.07 2.50 1.22 0.61 1.12 1.21 R = 1

N = 2
range:
from 1.71 1.68 1.13 0.44 0.98 0.60 0.29 12 0 2.87 1.59 4.26 5.08

to 3.29 3.01 2.33 0.89 1.62 1.75 0.57 22 2 9.78 4.08 8.77 9.80
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TABLE 3—Cameleolopha bellaplicata (Shumard). All specimens (1–33) are from the Fite Ranch Sandstone Member of the Tres Hermanos Formation (Fig. 2, 
unit 11), USGS Mesozoic locality D14473 in the NW¼ sec. 19 T9S R9E, Bull Gap 7.5-min quadrangle, Lincoln County, New Mexico.

Specimen H
(cm)

L
(cm)

H/L T
(cm)

T/H Ribs BIF Area
(cm2)

Ribs/cm2 R/H
(r/cm)

R/L
(r/cm)

Valve Notes

1 2.95 2.54 1.16 1.17 0.40 18 1 7.49 2.40 6.10 7.09 both color band; USNM 547282
2 3.04 2.59 1.17 1.19 0.39 16 1 7.87 2.03 5.26 6.18 both USNM 547283
3 3.86 3.42 1.13 1.51 0.39 20 0 13.20 1.52 5.18 5.85 both
4 3.90 3.26 1.20 1.46 0.37 16 1 12.71 1.26 4.10 4.91 left
5 3.24 3.12 1.04 1.58 0.49 20 2 10.11 1.98 6.17 6.41 both three oysters on LV; rib# × 2
6 4.59 3.12 1.47 1.80 0.39 14.32 both worn
7 3.43 2.69 1.28 1.34 0.39 18 1 9.23 1.95 5.25 6.69 both
8 3.35 2.91 1.15 1.51 0.45 18 0 9.75 1.85 5.37 6.19 both rib# × 2
9 3.14 2.72 1.15 1.48 0.47 8.54 both worn

10 1.71 1.35 1.27 0.67 0.39 18 2 2.31 7.80 10.53 13.33 both rib# × 2
11 2.93 2.45 1.20 0.97 0.33 12 0 7.18 1.67 4.10 4.90 both rib# × 2
12 4.02 3.28 1.23 1.88 0.47 13.19 both worn
13 2.50 1.85 1.35 0.77 0.31 14 0 4.63 3.03 5.60 7.57 both rib# × 2
14 2.19 1.81 1.21 0.93 0.42 12 0 3.96 3.03 5.48 6.63 left
15 2.46 2.18 1.13 0.95 0.39 18 2 5.36 3.36 7.32 8.26 both
16 2.88 2.86 1.01 1.01 0.35 8.24 both large AS: 11.8 × 14.4 mm; looks like aff.; 

worn
17 2.07 2.21 0.94 0.92 0.44 14 0 4.57 3.06 6.76 6.33 both small AT: 3.5 × 4.6 mm
18 1.92 1.81 1.06 0.89 0.46 14 1 3.48 4.03 7.29 7.73 both
19 2.84 2.47 1.15 0.92 0.32 20 2 7.01 2.85 7.04 8.10 both AS to R of beak: 10.6 × 8.6 mm; rib# × 2
20 2.36 2.20 1.07 0.94 0.40 22 2 5.19 4.24 9.32 10.00 both
21 3.22 2.89 1.11 1.53 0.48 22 2 9.31 2.36 6.83 7.61 both rib# × 2
22 2.18 1.81 1.20 0.90 0.41 16 1 3.95 4.05 7.34 8.84 left
23 1.64 1.62 1.01 0.59 0.36 14 2 2.66 5.27 8.54 8.64 both circular AS: 4.2 mm
24 2.56 1.81 1.41 1.25 0.49 16 1 4.63 3.45 6.25 8.84 both
25 2.40 2.29 1.05 1.18 0.49 16 0 5.50 2.91 6.67 6.99 left AS: 9.2 × 8.1 mm
26 2.28 2.25 1.01 0.90 0.39 16 0 5.13 3.12 7.02 7.11 both
27 3.39 3.33 1.02 1.84 0.54 16 0 11.29 1.42 4.72 4.80 left rib# × 2
28 3.12 2.81 1.11 1.28 0.41 18 0 8.77 2.05 5.77 6.41 left
29 2.19 2.29 0.96 0.79 0.36 14 2 5.02 2.79 6.39 6.11 both circular AS: 2.5 mm; rib# × 2
30 2.77 2.72 1.02 1.30 0.47 16 0 7.53 2.12 5.78 5.88 both rib# × 2
31 2.77 2.62 1.06 1.78 0.64 18 2 7.26 2.48 6.50 6.87 left AT: 5.8 × 4.9 mm
32 2.45 1.80 1.36 0.86 0.35 12 0 4.41 2.72 4.90 6.67 both
33 2.39 2.07 1.15 1.23 0.51 4.95 left worn

AV 2.81 2.46 1.15 1.19 0.42 16.57 7.23 2.89 6.34 7.18 B = 25
STDEV 0.68 0.55 0.13 0.36 0.07 2.77 3.22 1.34 1.45 1.74 L = 8

range:
from 1.71 1.35 0.94 0.78 0.32 12 0 2.66 1.26 4.10 4.80

to 4.59 3.42 1.47 1.78 0.64 22 2 13.20 5.27 10.53 13.33
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TABLE 4—Cameleolopha lugubris (Conrad). Specimens 1–29 are from the D-Cross Tongue of the Mancos Shale (Fig. 2, unit 13), USGS Mesozoic locality 
D14992 in the SE¼ sec. 24 T9S R9E, Bull Gap 7.5-min quadrangle, Lincoln County, New Mexico. Specimens A–P are from the D-Cross Tongue of the 
Mancos Shale (Fig. 2, unit 13), USGS Mesozoic locality D14950 in the SW¼ sec. 18 T9S R9E, Bull Gap 7.5-min quadrangle, Lincoln County, New Mexico.
Specimen H

(cm)
L

(cm)
H/L AtH

(cm)
AtL
(cm)

AtH/AtL Ribs Area
(cm2)

ASA
(cm2)

ASA/A Ribs/cm2 R/H
(r/cm)

R/L
(r/cm)

Valve Notes

A 1.96 1.62 1.21 1.78 1.43 1.24 22 3.18 2.55 0.80 6.93 11.22 13.58 left att to Inoceramus; USNM 547273 
B 1.52 1.23 1.24 1.00 0.91 1.10 22 1.87 0.91 0.49 11.77 14.47 17.89 left att to Inoceramus
C 1.89 1.68 1.13 1.54 1.40 1.10 22 3.18 2.16 0.68 6.93 11.64 13.10 left att to Inoceramus; rib# × 2
D 1.78 1.61 1.11 1.38 1.06 1.30 2.87 1.46 0.51 left smooth AS
E 1.17 1.38 0.85 1.10 1.31 0.84 1.61 1.44 0.89 left
F 1.73 1.59 1.09 1.42 1.10 1.29 22 2.75 1.56 0.57 8.00 12.72 13.84 left att to Inoceramus; rib# × 2; in matrix
G 1.47 1.48 0.99 0.94 0.55 1.71 18 2.18 0.52 0.24 8.27 12.24 12.16 right good anachomata
H 1.44 1.25 1.15 1.10 0.83 1.33 20 1.80 0.91 0.51 11.11 13.89 16.00 right att to Inoceramus; rib# × 2
I 1.46 1.73 0.84 1.29 1.36 0.95 22 2.53 1.75 0.69 8.71 15.07 12.72 right distorted; att to Inoceramus; good anachomata
J 1.96 1.42 1.38 1.51 0.93 1.62 18 2.78 1.40 0.50 6.47 9.18 12.68 right distorted; att to Inoceramus
K 1.85 1.57 1.18 1.45 1.22 1.19 28 2.90 1.77 0.61 9.64 15.14 17.83 right att to Inoceramus; rib# × 2; in matrix
L 1.51 1.40 1.08 1.35 0.94 1.44 18 2.11 1.27 0.60 8.51 11.92 12.86 right good anachomata
M 1.84 1.35 1.36 1.29 0.81 1.59 26 2.48 1.04 0.42 10.47 14.13 19.26 right rib# × 2; good anachomata
N 1.43 1.34 1.07 1.03 0.90 1.14 18 1.92 0.93 0.48 9.39 12.59 13.43 right rib# × 2
O 1.84 1.45 1.27 1.46 1.07 1.36 24 2.67 1.56 0.59 9.00 13.04 16.55 right rib# × 2; good anachomata; att to Inoceramus
P 1.65 1.49 1.11 1.25 0.90 1.39 18 2.46 1.13 0.46 7.32 10.91 12.08 right good anachomata 
1 1.89 1.68 1.13 1.70 1.23 1.38 20 3.18 2.09 0.66 6.30 10.58 11.90 left broken; rib# × 2; USNM 547276
2 1.86 1.58 1.18 1.68 1.08 1.56 26 2.94 1.81 0.62 8.85 13.98 16.46 left smooth, flat AS
3 1.48 1.43 1.03 0.84 0.46 1.83 18 2.12 0.39 0.18 8.51 12.16 12.59 left att to small elongate bivalve
4 1.52 1.49 1.02 1.14 0.95 1.20 18 2.26 1.08 0.48 7.95 11.84 12.08 left
5 1.58 1.50 1.05 1.39 1.36 1.02 2.37 1.89 0.80 left att to Inoceramus; fringe gone
6 1.30 1.29 1.01 1.23 1.00 1.23 1.68 1.23 0.73 left att to Inoceramus; fringe gone
7 1.54 1.31 1.18 1.06 0.79 1.34 24 2.02 0.84 0.42 11.90 15.58 18.32 left broken; rib# × 2
8 1.78 1.77 1.01 1.33 1.12 1.19 24 3.15 1.49 0.47 7.62 13.48 13.56 left att to Inoceramus
9 1.54 1.28 1.20 1.28 1.09 1.17 1.97 1.40 0.71 left rib count not possible

10 1.20 1.02 1.18 1.20 1.02 1.18 1.22 1.22 1.00 left att to RV of C. lugubris
11 2.09 1.91 1.09 3.99 right no ribs; good anachomata
12 1.87 1.58 1.18 0.97 0.75 1.29 20 2.95 0.73 0.25 6.77 10.70 12.66 right bean-shaped xenomorph; USNM 547274
13 1.58 1.81 0.87 20 2.86 6.99 12.66 11.05 right distorted
14 1.30 1.49 0.87 1.94 right distorted
15 1.40 1.46 0.96 1.09 1.27 0.86 2.04 1.38 0.68 right att to Inoceramus; fringe gone
16 2.00 1.33 1.50 2.00 1.31 1.53 2.66 2.62 0.98 right distorted; fringe gone
17 1.66 1.49 1.11 1.49 1.09 1.37 24 2.47 1.62 0.66 9.70 14.46 16.11 right rib# × 2; good anachomata
18 1.26 1.20 1.05 0.76 0.46 1.65 18 1.51 0.35 0.23 11.90 14.29 15.00 right
19 1.34 1.29 1.04 1.08 0.84 1.29 16 1.73 0.91 0.52 9.26 11.94 12.40 right rib count low
20 1.54 1.27 1.21 1.38 1.12 1.23 20 1.96 1.55 0.79 10.23 12.99 15.75 right fringe mostly gone; good anachomata
21 1.76 1.39 1.27 1.52 1.03 1.48 24 2.45 1.57 0.64 9.81 13.64 17.27 right rib# × 2; USNM 547275
22 1.50 1.34 1.12 1.28 0.98 1.31 16 2.01 1.25 0.62 7.96 10.67 11.94 right rib count low; good anachomata;

xenomorph smooth
23 1.38 1.19 1.16 1.64 right fringe gone
24 1.60 1.37 1.17 1.23 1.10 1.12 2.19 1.35 0.62 right fringe mostly gone
25 1.21 1.10 1.10 1.33 right fringe mostly gone
26 1.25 1.24 1.01 0.72 .049 1.47 16 1.55 0.35 0.23 10.32 12.80 12.90 right
27 1.39 1.62 0.86 1.16 1.14 1.02 20 2.25 1.32 0.59 8.88 14.39 12.35 left in matrix; H estimated; rib# × 2
28 1.57 1.26 1.25 1.39 0.88 1.58 1.98 1.22 0.62 right in matrix; smooth xenomorph
29 1.85 1.60 1.16 2.96 right

AV 1.59 1.44 1.11 1.28 1.01 1.30 20.73 2.33 1.33 0.58 8.85 12.81 14.21
STDEV 0.24 0.19 0.14 0.27 0.25 0.23 3.22 0.59 0.53 0.19 1.65 1.57 2.31

45 valves range:
from 1.17 1.02 0.84 0.72 0.46 0.84 16 1.22 0.35 0.18 6.30 9.18 11.90

to 2.09 1.91 1.50 2.00 1.43 1.83 28 3.99 2.62 1.00 11.90 15.14 19.26

17 left valves range:
from 1.17 1.02 0.85 0.84 0.46 0.84 18 1.22 0.39 .018 6.30 10.58 11.90

to 1.96 1.77 1.24 1.78 1.43 1.83 26 3.18 2.55 1.00 11.90 15.58 18.32

28 right valves range:
from 1.21 1.10 0.84 0.72 0.46 0.86 16 1.33 0.35 0.23 6.47 9.18 12.66

to 2.09 1.91 1.50 2.00 1.36 1.71 28 3.99 2.62 0.98 11.90 15.14 19.26

All Left Right
H > L 38

(84%)
15

(88%)
23 

(82%)
H < L 7

(16%)
2

(12%)
5

(18%)
H = L 0

(0%)
0

(0%)
0

(0%)
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Appendix 2
Transitional species from Cameleolopha bellaplicata to C. lugubris

Construction of a Turonian chronostrati-
graphic diagram from the Four Corners 
area southeastward into Otero County, New 
Mexico (Hook and Cobban, in preparation), 
led to the realization that there was a transi-
tional species between Cameleolopha bellapli-
cata and C. lugubris. This appendix describes 
this transitional form as C. aff. C. lugubris. 
The collecting locality has been added to 
Figure 1, and images of the fossils have been 
added to Figure 8.

Cameleolopha aff. C. lugubris is a small, 
densely ribbed, plano-convex oyster that 
occurs in the upper few inches of the Fite 
Ranch Sandstone Member of the Tres Her-
manos Formation (D14922) and the lower 
few inches of the D-Cross Tongue of the 
Mancos Shale (D14923) only at the High 
Nogal Ranch measured section exposed 
in northern Otero County (Fig. 1). In field 
notes these valves were identified as C. lugu-
bris because of their uniformly small size, 
attachment scars on a few specimens, and 
stratigraphic position.

A hand specimen (D14922) of the upper 
2.5 inches (6 cm) of the Fite Ranch Sandstone 
shows that the upper 0.5 inch (1 cm) contains 
nothing but the disarticulated, uniformly 
small valves of C. aff. C. lugubris, whereas the 
lower 2 inches (5 cm) contain disarticulated 
valves of both C. aff. C. lugubris and the larger 
C. bellaplicata. Individual, generally articulat-
ed valves of C. aff. C. lugubris collected from 
the basal part of the D-Cross Tongue (D14923) 
contain bits of sandstone matrix. They are 
interpreted to have been eroded from the top 
of the Fite Ranch Sandstone, before deposi-
tion of the D-Cross, where they accumulated 
as a lag deposit.

Fossils collected from lower in the Fite 
Ranch Sandstone include C. bellaplicata, 
Prionocyclus macombi, and Coilopoceras col-
leti. A 1-ft (0.3-m)-thick sandstone concre-
tion bed, 7 ft (2 m) above the base of the 
D-Cross Tongue, contains Coilopoceras infla-
tum, Cameleolopha lugubris, and Prionocyclus 
macombi.

Systematic paleontology

Cameleolopha aff. C. lugubris 
(Conrad 1857)

Figure 8 F–J

Synonymy [none]

Description—Cameleolopha aff. C. lugubris is 
a small, inequivalved, densely ribbed, plano-
convex oyster with little or no attachment 
scar. It has a nearly round shape. The height 
is generally a little more than the length; 
most specimens have heights between 1.3 
and 1.8 cm and lengths between 1.1 and 
1.6 cm. The aspect ratio (= height/length) of 
the valves averages 1.14. Left valves are a 
little more convex than right valves, which 
tend to be slightly curved to nearly flat. 

Thirty-six well-preserved valves from 
D14923 have an average height of 1.51 cm, 
an average length of 1.33 cm, and an aver-
age surface area of 2.04 cm2, making it the 
smallest species of Cameleolopha described 
in this paper. Height ranges from 1.22 to 
2.48 cm; length, 1.06 to 2.26 cm; and area, 
1.31–5.60 cm2. Ribs begin at the umbo and 
extend all the way to the valve margin in 
89% of the sample; in the remainder, the 
valves are initially smooth, recalling C. cf. 
C. bellaplicata. The average number of ribs 
at the shell margin is 18.00 with a range of 
12 to 26. Average rib densities are 9.49 ribs/
cm2, 12.13 ribs/cmH (of height), and 13.87 

4

1 2 3

3

2

4

1

0
0

0.5

1.5

2.5

H=1.1281 x L
r2=0.9963

Cameleolopha lugubris

C. bellaplicata

C. cf. C. bellaplicata

C. aff. C. bellaplicata

Carthage C. bellaplicata

H
ei

gh
t (

cm
)

Length (cm)

3.5
High Nogal C. aff. C. lugubris

ribs/cmL (of length), giving C. aff. C. lugu-
bris a high rib density similar to that of C. 
lugubris. Convexity (T/H) is 0.31, making 
it the least convex of the C. lugubris group.

A graph of average height versus aver-
age length that includes all five species 
is shown below. The slope of this more 
inclusive regression line remains virtually 
unchanged from that shown in Figure 6: it 
increased slightly from 1.1276 on Figure 6 
to 1.1281. The goodness of fit (r2) increased 
slightly from 0.9952 to 0.9963.

Paleoecology—Cameleolopha aff. C. lugubris 
was an epifaunal suspension feeder that 
lived unattached on the sea floor.
Occurrence—Cameleolopha aff. C. lugubris is 
known from only northern Otero County, 
New Mexico, where it occurs in the upper 
part of the Coilopoceras colleti Subzone of 
the middle Turonian Prionocyclus macombi 
Zone.
Discussion—Four changes required to 
evolve from Cameleolopha bellaplicata into 
C. lugubris that can be recorded in the rock 
record are (1) reduction in size, (2) increase in 
rib density, (3) decrease in lower valve con-
vexity, and (4) change in mode of life from 
free lying to attached. Fossils from D14923 
indicate that items 1 through 3 occurred 
suddenly and simultaneously. Three speci-
mens have attachment scars, notably Fig. 8F, 
indicating that C. aff. C. lugubris was experi-
menting with the attached mode of life. This 
specimen (Fig. 8F) can be differentiated from 
C. lugubris only by the association of the 
overwhelming numbers of specimens with 
no attachment scars.

All three levels of oysters collected below 
Cameleolopha aff. C. lugubris are assignable 
to (true) C. bellaplicata. Associated fossils in 
the Fite Ranch Sandstone include Prionocy-
clus macombi and Coilopoceras colleti.

The warm, shallow waters of the late 
middle Turonian seaway that transgressed 
across Lincoln and Otero Counties, New 
Mexico, seemingly produced the ideal 
(1) ecologic conditions for oysters to experi-
ment with the morphologic changes seen in 
the genus Cameleolopha and (2) depositional 
conditions to preserve these changes in the 
rock record. Apart from Bull Gap Canyon 
and High Nogal Ranch, no other outcrops 
in the Western Interior contain a record of 
the morphologic variation seen through 
time within the Cameleolopha lugubris group 
that has been documented in this paper.

Average measurements for 33 fully arti-
culated and three left valves of C. aff. C. 
lugubris from D14923, NE¼ sec. 15 T12S 
R10E, Golondrina Draw 7.5-min quad-
rangle, Otero County, New Mexico.

Height (cm) 1.51 ± 0.22

Length (cm) 1.33 ± 0.22

H/L 1.14 ± 0.08

Ribs (#) 18.0 ± 3.14

Area (cm2) 2.04 ± 0.73

Ribs/Area (#/cm2) 9.49 ± 2.75

Ribs/H (#/cm) 12.13 ± 2.44

Ribs/L (#/cm) 13.87 ± 3.09

Convexity (T/H) 0.31 ± 0.04


