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ABSTRACT 
The Carboniferous La Capilla Fm. of the Calingasta-Uspallata basin of 

western Argentina contains a low diversity fauna inhabiting a continental 
shelf under glacial ice fronts advancing from the east. Distal glaciomarine 
sediments on these ice-influenced shelves of Gondwana are most commonly 
interpreted as being deposited under quiet, low-energy conditions. Ta
phonomic and paleoecologic analysis of a sample of the fauna reveals the 
following: low species richness, yet comparable equitability to coeval, tropi
cal faunas; low articulation ratios and high pedicle valve dominance for 
brachiopods; diverse corrasion modes, about half relatively high categories; 
one hundred percent fracturing of brachiopod shells, with carinate fracture 
types dominant, and no evidence of epibiont coverage ofbrach.iopod shells, 
despite presence of encrusting organisms in the fauna. Collectively, the data 
indicate long residence time on the seafloor, with strong episodes of rework
ing - contrary to the lo,Y-energy hypothesis. Modem analogues of continental 
shelves reworked by currents to depths of 250 meters exist in Antarctica. The 
existence of similarly preserved faunas in the coeval, marginal basins of 
southern Gondwana needs to be confinned. 

INTRODUCTION 
Late Paleozoic glaciation is well-documented for the southern hemi

sphere Crowell, 1978, 1983, and references therein). Fossiliferous strata are often 
associated with glacial sedimentary facies, allowing for the examination of paleoe
cologic and taphonomic relations. New fossil collections of the La Capilla Formation 
(Narnurian - Westphalian) of the Calingasta-Uspallata (CU) Basin of western Argen
tina allow for the examination of paleoeceologic and taphonomic relations in a basin 
dominated by glaciomarine sedimentation during a glacial to postglacial transition. 
Numerous basins along the southern coastline of Gondwana contain strata that record 
this transition (L6pez-Gamundi, 1997). The bulk of the marine fossil record comes 
from tropical and wann-temperate environments (Blatt et al., 1991), and so the La 
Capilla fauna is significant, as it represents the first paleoecological and taphonom.ic 
description of these glaciomarine faunas. 
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FIGURE I. Stratigraphic section and location map for the fossil locality of the La Capilla Fm., Calingasta
Uspallata basin near the village of Calingasta, Argentina. 

METHODS 
A stratigraphic section of the La Capilla Fonnation was measured on the outcrops 

exposed through Quaternary alluvium a few kilometers north of the town of Calingasta 
(Figure 1). Testament to the continued uplift of the Andes is the fact that the outcrops 
described in Amos et al. (1963) are now covered completely by alluvium. Nevertheless, 
the fossiliferous zone noted in Amos et al. was rediscovered in outcrops nearby ex1)osed 
since 1963. This single fossiliferous horizon, approximately 1.4 meters thick, was 
collected for fossil specimens. In addition to a bulk sample of 11.34 kg, large visible 
specimens were collected on the surface, a method suggested by Dennison and Hay 
(1967) and Stanton and Evans (1972) to improve sampling. 

Bulk sample was broken down by rock splitter, and all evidence of skeletal material 
was saved. Fossils were counted as in Watkins (1973). Confidence intervals for both 
counts and proportions iYere completed using the methods ofBuzas (1990). Diversity 
indices (S, S'. H Hmax and E) were calculated using fonnulae outlined in Dodd and 
Stanton (1990). The taphonomic measures of articulated/disarticulated ratio, pedi
cle/brachial valve ratio. corrasion, fragmentation and epibiont coverage were tabulated 
(Brett and Baird. 1986: Brett and Bordeaux, 1991; Alexander and Gibson, 1993). 
Diversity indices and valve ratios were compared to the coeval communities described 
by Watkins (1973). 
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FIGURE 2. Neospirifer leoncitensis (Amos et al., 1963 ). A disarticulated pedicle valve that is characterized 
as corrasion category II, epibiont coverage category I, with carinate fractures. 

PALEOECOLOGY 

Abundance 
The La Capilla Fm. fauna near Calingasta is dominated by the large brachiopod, 

Neospirifer leoncitensis (Figure 2), which comprises approximately two thirds of all 
specimens (Table 1). Other ta'l:a include the brachiopods: Kitakamithyris septata, 
Levipustula levis, and Spiriferellina octoplicata, the gastropod, Peruvispira sp., plus 
crinoid and fenestellid bryozoan remains. Amos et al. (1963) also recorded the 
terebratulid brachiopod, Beecheria sp. from this horizon, but the species was not 
recovered by us. Except for Peruvispira, the fauna is exclusively populated bysessile, 
epifaunal, suspension-feeders. as are most other Carboniferous shelf paleocommuni
ties (Bambach. 1985). 

Diversity 
Diversity of fossil assemblages may be measured in numerous quantitative ways 

(Dodd and Stanton, 1990), and a fruitful avenue of research is to compare one location 
or fossil assemblage with others from different environments or times to assess the 
effects of variation in the primary causes of of diversity: times, stability and resource. 
Calculations of S, S', H, Hmax and E for the La Capilla Fm. are compared in Table 2 
with those calculated from the data in Watkins (1973) for two different associations 
that are roughly coeval to the La Capilla Fm. These differ in that they are from tropical, 
deeper-water ramp environments surrounding islands originally isolated some un
known distance from northern Pangaea (Miller, 1987), and now outcrop as the Baird 
Formation in northern California. All three faunas are from argillaceous, silt to fine 
sands, so variation in substrate is minimized. 



262 VIRGINIA JOURNAL OF SCIENCE 

TABLE l - Relative abundance and paleoecologic characters of fossil taxa in the La Capilla Fm. L = life 
site, F = feeding type, M mobility, E = epifaunal, S = suspension feeding, G = grazing, Ss = sessile, V = 

vagile. 

Taxon # CI* % CI** L F M 

Neospirifer !eoncitensis 181 155.6-209.4 66.30 0.60-0.72 E s Ss 
Kitakamithyris septata 19 11.4-29.7 6.96 0.04-0.11 E s Ss 
Levipustula levis 7 2.8-14.4 2.56 0.01-0.05 E s Ss 
Spiriferellina octoplicata 1 0-5.6 0.37 0.00-0.02 E s Ss 
Peruvispira sp. 2 0.2-7.2 0.73 0.00-0.03 E G V 
crinoids 30 0.2-42.8 11.00 0.08-0.15 E s Ss 
fenestellid sp. A 18 10.7-28.4 6.59 0.04-0.10 E s Ss 
fenestellid sp. B 15 8.4-24.7 5.49 0.03-0.09 E s Ss 
TOTAL 273 100.00 

*Confidence interval based on Poisson distribution for abundance. 
* *Confidence interval based on binomial distribution for proportion. 

Simple species riclmess (S) for the La Capilla is low, and approximately 0.11 to 
0.12 times less rich than both Baird associations. After making the correction for 
abundance, S' values for the La Capilla remain low in relation to the Baird, approxi
mately O .14 times less rich than both Baird associations. The effect of differing sample 
sizes between the La Capilla (273 specimens) versus the Baird (several thousand 
specimens each, see Table 10 in Watkins, 1973) associations is therefore minimal. 

Shannon-Weaver diversity (H), is difficult to compare and interpret because values 
of H are detennined by both riclmess of the association and the relative abundance of 
all the taxa present. The different possible values ofHmax shown in Table 2 are evidence 
of this. The ratio of H to Hmax' equitability (E), should be a comparable measure 
because for any association, E will vary from a value of 1 if all species are equally 
abundant, to O as the equitability decreases. The value of E for the La Capilla is less 
than that for the Rugosochonetes Association, and greater than that for the Astarte/la 
Association. Both of the Baird values fall within the 95% confidence inteIVal for the 
La Capilla value of E (95% CI for H/Hmax proportion based on binomial distribution 
= 0.48 - 0.69), and thus, no statistically significant difference exists among all three. 
Again, this is true despite different sample sizes due to different collection effort. 

Diversity is related to environment principally due to variations in time and stability 
(Dodd and Stanton, 1990). Two aspects oftime are important here: geologic age of the 
three associations, and the time of accumulation of the associations, or, how time-aver
aged are the samples? Since the geologic age of all three are roughly coeval, diversity 
differences are not due to the variable numbers of possible species, or guilds through 
time (Bambach, 1985). The other time factor is more difficult to address. The La Capilla 
association comes from a single sample of 1.4 meters of strata e;,..-posed over less than 
ten meters of strike, while Watkins' (1973) samples come from multiple locations, 
sometimes over much thicker stratigraphic intervals. Data from Tables 2 and 3 are 
additive totals of all the localities in Watkins (1973), and so add another factor of 
time-averaging. 
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TABLE 2. Diversity measures of the La Capilla Fm. and the Baird Fm. of Northern California (Rugoso
chonetes association and Astarte/la association.) 

index La Capilla Fm. Baird Fm. - Baird Fm. -
Rugosochonetes Astarte/la 

s 8 70 65 
S' 2.87 21.11 20.64 
H 0.53 1.25 0.95 

Hmax 0.90 1.87 1.79 
E 0.59 0.67 0.53 

TABLE 3. Articulated/disarticulated ratio and pedicle/brachial valve ratio for La Capilla Fm. and Baird Fm. 
of northern California (Rugosochonetes association and Astarte/la association). 

ratio 

articulated/ disarticulated 

pedicle valve/brachial valve 

La Capilla Fm. 

0.00 

68.33 

Baird Fm. -
Rugosochonetes 

0.36 

1.08 

TAPHONOMY 

Valve Ratios 

Baird Fm. -
Astarte/la 

0.09 

1.10 

All brachiopod specimens of the La Capilla Fm. are disarticulated. Articulated/dis
articulated ratios for the Baird Fm. are only slightly higher for the Astarte/la associa·· 
tion, and much higher for tl1e Rugososchonetes association (Table 2). Pedicle valves 
are dominant in tlle La Capilla Fm. This is due to tl1e dominance of N. leoncitensis in 
the sample. Predominance of pedicle valves from large spiriferid brachiopod species 
has been noted before from inferred high-energy environments (Brett and Bordeau.x, 
1991). The exireme value of the pedicle/brachial valve ratio here indicates that tlle 
glaciomarine environment was particularly effective in disarticulating tlle brachiopod 
skeleton and then concentrating the tltlcker, larger pedicle valves, probably by me
cllan.ical destruction of the tltlnner, smaller bracltlal valves. Pedicle/brachial valve 
ratios from tl1e Baird Fm. are much lower, witll numbers of both valves being roughly 
equal, reflecting quieter environments on the deep island arc ramps. 



264 VIRGINIA JOURNAL OF SCIENCE 

Corrasion 
Corrasion is the tenn used to describe all aspects of the mechanical abrasian, 

bioerosion and biogeochemical solution in worn fossils (Brett and Baird, 1986). Brett 
and Bordeaux (1991) devised a semi-quantitative method for corrasion description, 
recognizing four increasing levels of corrasion: I --uncorraded, II -- slightly corraded, 
witl1 minor loss of micro-ornamentation, III - corraded, with intact costae, but loss of 
ornament, and IV -- highly corraded, for relatively smooth shells with costae removed. 
Higher corrasion values correspond to increased levels of ex-posure time at tl1e sediment 
water interface. Figure 3 A shows tl1at corrasion level II predominates in the La Capilla 
fauna, but collectively, levels III and IV constitute just over 50% of all the brachiopod 
shells. Exposure time was relatively long in the low sedimentation environment distal 
to tl1e glacial front. 

Fractures 
The fragmentation ofbrachiopod shells on the seafloor, and immediately post-bur

ial, produces several discrete types offractures that may be used to examine post-mor
tem taphonomic alteration, as well as life-position autecology (Alexander and Gibson, 
1993). The anticipated life position of tl1e large spiriferid, N leoncitensis is an 
orientation with the anterior commissure held upright, roughly perpendicular to the 
sediment-water interface, with the weight of the animal resting on the long, wide 
interareas. Burial in life position should result in the telescoped fractures, figured in 
Alexander and Gibson (1991, p. 28). Instead, carinate and splayel type fractures 
predominate (Figure 3B), indicating toppling and transport of specimens. This is 
especially true for carinate fractures, indicating extensive transport and reworking of 
the La Capilla brachiopods. 

Epibiont Coverage 
Epibiont coverage is the surface area measure of tl1e utilization of ex-posed 

brachiopod shells by encrusting organisms. The se1ni-quantitative method of epibiont 
coverage description (Brett and Bordeaux, 1991) divides coverage into 5 categories, 
from 1 = "clean" to 5 = greater tl1an 15% coverage. For tl1e La Capilla specimens, all 
shells are classed as category 1 (Figure 3C). Fenestellid bryozoans and crinoids, though 
common in the fauna, are never found attached to any brachiopod shell. Ifbrachiopod 
shells had long exposure times on tl1e seafloor, as suggested by corrasion data, then 
they should have been used by epibionts as encrusting surfaces. Probably, the high 
corrasion levels have removed evidence of attachment while leaving the skeletal 
remains of the epibiont taxa. 

PALEO ENVIRONMENT AL IMPLICATIONS 
The La Capilla Fm. fauna is known from several localities in the Calingasta-Uspal

lata basin (Gonzalez and Taboada, 1987) and tl1e Tepuel basin to tl1e south in Patagonia. 
The "Conununidad B" in both basins contain tl1e brachiopods, molluscs, crinoids and 
bryozoans described here, though molluscs dominate in tl1e Tepuel basin (Archan
gelsk'y, 1987). Presence of L. /evis in this fauna allows for correlation witl1 tl1e L. levis 
zone in eastern Australia (Roberts, 1976, 1981; Roberts et al., 1976), where tl1e zone 
also indicates glacial conditions. These other localities in Argentina and Australia 
indicate that the paleoenvirorunental relations inferred here have extensive geographic 
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FIGURE 3. La Capilla Fm. fauna taphonomic meas
ures as percent occun-cnce of all brachiopod shells. A. 
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(and, paleogeographic) range. Correla
tive faunas have not been characterized 
in tenns of the paleoecologic and ta
phonomic approach described here. 

Carboniferous glaciomarine deposi
tion in western Argentina formed as 
mountain glaciers entered foreland and 
back-arc basins on the active Panthalas
san margin (L6pez-Gamundi 1989). The 
areal extent of the outcrops of the mid
Carboniferous glaciomarine strata of the 
CU Basin, including the La Capilla Fm., 
suggested to L6pez-Gamundi (1997) an 
apron-like glacial geometry along the 
eastern basin margin. As the glaciers re
ceded, and sea level rose, a regular suc
cession of strata was deposited from 
proximal, coarse sediment, including 
dropstones, with evidence of glacial 
abrasion; to distal, fine-grained mud
stones and shales in open-marine areas. 

A modem analogue for this environ
ment (broad ice-shelf fed by alpine gla
ciers) is the Larsen Ice Shelf of 
Antarctica (Anderson and Molnia, 1989) 
Modem glaciomarine sediments of Ant
arctica (including the Larsen Ice Shelf) 
are predominantly compound sediments, 
characterized by: mud size predomi
nance, 1ninor presence of well-sorted, 
current-derived silts and fine sands, less 
than 10% ice-rafted material, rounded 
pebbles among the ice-rafted compo
nent, and diverse fauna (Chriss and 
Frakes, 1972). During interglacial/sea
level highstand periods, the remains of 
this shelly fauna (molluscs, bryozoans, 
ech.i.nodenns, corals and forams) may be 
extensively reworked into bioclastic de
bris by marine currents to depths -250 
meters (Anderson and Molina, 1989). 

The data here support a high-energy, 
lower stability environment for the La 
Capilla Fm., similar to that below and 
adjacent to the modem Larsen Ice Shelf. 
Diversity is low for the La Capilla fauna 
relative to coeval tropical faunas, reflec-
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tive of lower temperatures at higher latitudes in the presence of glacial ice. Long 
residence time on the seafloor is indicated by high disarticulation ofbrachiopod shells 
and high levels of corrasion. That this is due to at least temporary high-energy 
reworking and transport, and not exclusively slow sedimentation rate in a quiet 
environment of deposition as suggested by L6pez-Gamundi (1987, 1889, 1997) is 
supported by the extreme predominance of pedicle valves with carinate and splayed 
fracturing, and lov,· levels of bioerosion coupled with high corrasion. 

The preliminary data presented here suggest that high-latitude, glaciomarine faunas 
of the Carboniferous had different paleoecologic structures and undenvent different 
taphonomic alteration than coeval tropical faunas. Attribution of patterns and processes 
from the relatively well-known tropical faunas to the higher-latitudes is not justified. 
Comparative data from the remaining marginal basins of the southern coast of Gond
wana should be collected to detennine the regional significance of the paleoenviron
mental implications discussed here. Further documentation of the coeval, warmer water 
faunas with the paleoecologic and taphonomic measures used here can be used to test 
the paleolatitudinal differences suggested here. 

CONCLUSIONS 
1) The La Capilla Fm fauna is characterized by low diversity and moderate 

equitability as compared to the coeval Baird Fm. fauna of northern California. Lower 
diversity is reflective of decreased temperatures associated with adjacent glacial fronts. 
EpifaunaL sessile, suspension-feeders dominate the fauna. 

2) Brachiopod articulation ratios are low, and pedicle valve/ brachia! valve ratios 
are extremely high as compared to the Baird Fm., indicating greaterrates oftaphonornic 
transport and reworking while on the seafloor. 

3) Corrasion categories III and IV constitute over 50% of all brachiopod shells. All 
shells are fractured, with carinate fractures most conm1on (80%). Epibiont coverage is 
absent, despite the presence of encrusting organisms in the collection. All three 
taphonomic measures suggest exiended residence time on the seafloor, coupled with 
reworking by current activity. 

4) Carboniferous glaciomarine envirorunents of the southern marginal basins of 
Gondwana, though conunonly described as low energy for the distal shelves, did in 
fact ex-perience significant current reworking activity. The modem analogue for the 
Calingasta-Uspallata basin is the area below the Larsen Ice Shelf of Antarctica, which 
exhibits intensive reworking to water depths of 250 meters. 

5) Paleoecologic and taphonomic structures for the Carboniferous high-latitude 
faunas are qualitatively and quantitatively different than their low-latitude counter
parts. 
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