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ABSTRACT

Examples of reticulated skeletal net of hexactinellid Protospongia species, the first reported from the region,
occur on bedding planes in black siliceous siltstone in the upper part of the Lower Tremadocian Volcancito
Formation in the Famatina Range of northwestern Argentina. Only fragments of the nets are preserved, so spe-
cific identification is impossible. They are associated with a second species known only from a few isolated
spicules in a probably coarser quadruled net fragment. Small problematic spindle-shaped isolated micro-
spinose impressions also occur in one of the siliceous fragments, where dissociated hexactine spicules are also
preserved. These lowermost Ordovician protosponges further document the relatively primitive hexactinellid
assemblages which apparently thrived along the black-shale margins of Paleozoic continents.

INTRODUCTION

The sponge record in Lower Paleozoic rocks of Argentina
is not well documented. Sponges are mostly represented
by dissociated spicules in Cambrian and Ordovician rocks
of the Precordillera region. Beresi (1985) described demo-
sponges found in living positions within micritic units in
the San Juan Formation (Arenig), at three different locali-
ties in San Juan Province. Heredia, et al.; (1987) described
coarse-rayed hexactinellid spicules from ‘the Upper Cam-
brian La Cruz Formation of the San:Isidro area, Mendoza
Province. New records of Demospongea and Hexactinel-
lida from the San Juan Formation were subsequently re-
ported by Beresi (1990), who made a paleoecologic study
using the new sponges and those of Beresi (1985). A more
detailed description of Cambrian sponges from the Pre-
cordillera was provided by Beresi and Rigby (1994), who
analyzed the anthaspidellid lithistid and hexactinellid
spicule assemblages, which were assigned with question
to Kiwetinokia utahensis? Walcott, 1920. Beresi and Heredia
(1995) described spicule assemblages from the Cambrian
San Martin olistoliths included in the Lower Member of
the Empozada Formation (Llanvirn) from the San Isidro
area. That assemblage contains a variety of dissociated
spicules including stauractines, hexactines and pentactines

of Hexactinellida. However, the skeletal structure and form
of these sponges are unknown.

Acefiolaza and Toselli (1977) mentioned the presence of
hexactinellid indet. spicules from the Loma del Kilometro
Member of the Arenig-Llanvirn Suri Formation (Mangano
and Buatois, 1994), from the Famatina region, but no de-
tailed systematic data were provided. The aim of this paper
is to document for the first time the presence of sponges
in the Lower Ordovician Volcancito Formation of the
Famatina region of Argentina. The material studied con-
sists of small collections of protosponges preserved in
black siliceous graptolitic shales. These protosponges again
document the occurrence of such relatively primitive hex-
actinellid sponges in Paleozoic black-shale facies at mar-
gins of the continents (Walcott, 1920; Rigby, 1966, 1978,
1983, 1986, 1995; Rigby and Harris, 1879; Beresi and
Rigby, 1994; Rigby, et al., 1996). Specimens are deposited
in the Invertebrate Fossil Collection of the University of
Tucumén (PIL).

GEOLOGIC AND DEPOSITIONAL SETTING

Deposits of the Ordovician Famatina terrane comprise
epiclastic- (Tremadoc) and voleaniclastic (Arenig-Llanvirn)
rocks widely exposed in La Rioja and Catamarca provinces
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of northwestern Argentina (Fig. 1). These sediments accu-
mulated in different marine basins related to the western
Gondwana volcanic arc (Acefiolaza and Toselli, 1988;
Mangano and Buatois, 1992, 1996; Mannheim, 1993).

The two formations are included into the Cachiyuyo
Group (Acefiolaza and Toselli, 1981). The Volcancito Forma-
tion is the basal unit of the group, and has a maximum
thickness of about 350 m. It is composed of low-grade
metamorphic fossiliferous dark-blue to black shales and
sandstones, with interbedded thin limestone beds. The
formation is exposed at two localities on the eastern flank
of the Famatina Range, at Puesto Volcancito and at Pefia
Negra. The protosponge material described herein came
from black siliceous graptolitic shales of the upper part of
the Lower Tremadoc Volcancito Formation at Pefia Negra
where two sedimentary facies have been recognized (Fig. 2).

Facies A: Thinly laminated, black siltstones.

These thick siltstones exhibit laterally continuous lami-
nae, which range between 2 and 4 mm thick. Beds are
tabular with sharp tops and bases. Dense graptolite con-
centrations and less common small protosponges occur on
some bedding planes. The sponges are associated with
graptolites such as Rhabdinopora patula (Bulman and
Rushton, 1973) and Rhabdinopora sp. and other dendroids
(Gutierrez-Marco; personal communication, 1995). These
siltstones have high concentrations of organic matter and
are considered typical “Black Shale” facies (Esteban, 1994;
Acefiolaza, et al, in press). This facies represents sedimen-
tation from suspension fall-out in very low-energy settings
below storm wave base.

Facies B: Massive sandy siltstones.

These siltstones occur as tabular layers, 5 to 10 cm thick,
and are commonly interbedded within Facies A. Beds are
generally massive, but may grade upwards into thinly
laminated intervals. They have sharp bases and display
lateral thickness variations. Isolated graptolite colonies
are locally present. Facies B is thought to represent depo-
sition from highly concentrated turbidity currents.

In the Pefia Negra locality, sedimentation was charac-
terized by predominant suspension fall-out (Facies A), only
exceptionally punctuated by episodic sedimentation (Facies
B). The black shale facies indicates accumulation in a
reducing medium, suggesting development of an anoxic
event in the early part of the Ordovican (Esteban, 1994).
Oxygen depletion in the studied sequences is suggested
by the dark sediments and high concentrations of pre-
served organic matter. A lack of benthic activity allowed
the preservation of the thin laminations of Facies A silt-
stones. Absence of infaunal and epifaunal organisms colo-

nizing the sea floor suggests anoxic conditions both above
and below the sediment-water interface. These general
characteristics indicate that the analyzed stratigraphic
interval of the Volcancito Formation was deposited in a
restricted basin in oxygen-depleted bottom waters.

SYSTEMATIC PALEONTOLOGY

Class HEXACTINELLIDA Schmidt, 1870
Subclass AMPHIDISCOPHORA
E E. Schulze, 1887
Order RETICULOSA Reid, 1958
Suborder PROTOSPONGIOIDEA
Hinde, 1887
Superfamily PROTOSPONGIOIDEA
Finks, 1960
Family PROTOSPONGIIDAE Hinde, 1887
Genus PROTOSPONGIA Salter, 1864
PROTOSPONGIA species A
Figures 3.1, 3.2, 3.4, 3.5, and 3.8

Description.—Moderately small, test-tube-like sponges
with hemispherical base and cylindrical upper part. Oscular
margin unknown in fragments available. Most complete
fragment with complete diameter of 13-15 mm, in part
above hemispherical base, and total fragment has height
of 25 mm from base to fractured-torn upper margin. Skele-
ton thin-walled reticulation of quadrangularly-arranged
hexactines with long tangential rays, but with short proxi-
mal and distal rays. Spicules arranged into quadrules in
which first-order quadrules 2.5-2.7 mm high and 1.7-2.1
mm wide, in upper cylindrical part of sponge where struc-
ture most well organized. These quadrules with first-order
hexactines at each of four corners, with vertical rays 2.0-
2.22 mm long and 0.10-0.15 mm in basal diameter, whereas
horizontal rays 1.3-1.5 mm long and with basal diameters
like that of vertical rays. Proximal-distal rays preserved as
nodes to only 0.1 mm long, maximum, and of same diame-
ter as other rays in spicules.

Second-order quadrules 1.4-1.5 mm long and with basal
diameters like that of vertical rays. Proximal-distal rays
preserved as nodes to only 0.1 mm long, maximum, and of
same diameter as other rays in spicules.

Second-order quadrules 1.4-1.5 mm high and 0.8-1.0
mm wide, formed by second-order spicules placed in cen-
ters of first-order quadrules. These spicules with vertical
rays 1.5-1.6 mm long and horizontal rays 1.2-1.4 mm
long, both with basal ray diameters of approximately
0.06-0.07 mm. Locally, third-order quadrules 0.8 mm high
and 0.5 mm wide produced by spicules with rays 0.5-0.6
mm long and 0.05 mm in diameter. Smaller orders of
spicules not clearly preserved but in reticulate thatch-like
impression, fourth-order quadrules 0.4-0.5 mm high and
0.2-0.25 mm wide moderately well-defined locally.
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Figure 1. Index maps to the sponge locality in the Pefia Negra section of the Famatina range in northwestern Argentina. (A) Location of
Argentina within South America. (B) Location of the provinces of Catamarca and La Rioja within Argentina. (C) Map of Catamarca
and La Rioja provinces showing the position of the Famatina System. (D) Geologic map of the Lower Paleozoic rocks of the Famatina

System showing the position of map E. (E) Geologic sketch of the Volcancito Formation in the Pefia Negra, in the Famatina System of
La Rioja province. '
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Quadrules in lower hemispherical part appear like ex-
panding latitude and longitude grid, but with moderate
irregularity possibly produced by compression of speci-
men, but also possibly by irregular growth and spicule
implacement in basal part of sponge.
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Figure 2. Stratigraphic section of the upper part of the Lower
Tremadoc Volcancito Formation of Pefia Negra, Profile 2, on the
eastern flank of the Famatina Range, La Rioja Province, north-
western Argentina. Sponge occurrences are shown by the large
arrows.

Other less complete fragments of same species occur at
three levels within black siltstone fragment. These general-
ly with approximately same quadrule and spicule structure,
but both larger fragments with complex appearance be-
cause of apparent flattening of both walls of thin skeleton

Figure 3. Protospongia species and small spindle-shaped struc-
tures of uncertain origin from the Lower Tremadocian Volcancito
Formation in the Famatina region of northwestern Argentina. 1,
2, 4, 5, 8, Protospongia species A, specimen PIL 14.192 (PX 132),
from Profile 2, Penia Negra section. 1, Nearly complete sample
with fragments of two sponges with protosponge-type skeletal
net, one in the lower and one in the upper left, black siltstone
impression was dusted with ammonium chloride to emphasize the
minor relief of the relatively simple skeletal net. The impression
in the upper left (A) was produced by a single wall, but the
impression in the lower left (B) was made by two walls flattened
across one another, x2; 2, latex cast of the impression in the upper
left of figure 1, the hexactine spicules are in microrelief in the
center and lower left and are arranged in characteristic quad-
ruled protosponge skeletal structure; up to 4 orders of quadrules
are locally preserved, but most of the impression shows only first-
and second-order patterns, x2; 4, photomicrograph of skeletal
structure in the upper part of the impression near the central part
of figure 2, showing both positive and negative relief features on
hexactines in the well-ordered skeletal net, in the limonite-stained
original or showing casts of natural molds where the spicules
have been weathered away, as in the upper left, x10. 5, Photo-
micrograph showing the more confused skeletal pattern in the
double-walled preservation of sponge in the lower left in figure 1.
First-order quadrules show moderately well in the upper left, but
the irregular orientation of the second layer of the thin sponge
wall shows well in the lower right. Detailed area is near the base
of the specimen in figure 1. Proximal and distal rays of hexactines
show in the coarse spicules on the right, x10; 8, photomicrograph
of the natural surface of the black shale showing impressions of
hexactines, largely first and second-order, producing characteris-
tic protosponge quadrules, parallel lineations in the lower left
suggest fourth-order quadrules but spicules are not clearly
defined, detailed area is in the central part of the sponge shown
in the upper left in figure 1, x10. 3, Protospongia species B, a latex
mold of a small fragment showing the coarse first-order and local-
ly second-order spicules and quadrules in the incomplete frag-
ment of a reticulate net, specimen PIL 14.193, (PZ 134) from
the Volcancito Formation, Profile 2 at Pefia Negra section, x2.
6, 7, “Fossils” of unknown affinity, abundant spindle-shaped iso-
lated bodies irregularly oriented with occasional associated hexa-
ctine spicules. The micronodose or almost spinose microsculpture
of the spindle-shaped objects shows on several in the center and
in the lower left, PIL 14.194 (PZ 135), from Profile 2, Pefia Negra
section; 6, x2; 7, x10.
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to produce confused criss-crossing relationship, or show
only few first-order and smaller quadrules, with incised
spicule impressions where once pyritic hexactines largely
removed by weathering,

Discussion.—Species of Protospongia are known from
the Cambrian to the Devonian, and range from spherical
to steeply obconical or goblet-shaped. Protospongia hicksi
Hinde, 1888, is a large sponge with first-order quadrules
much larger than that seen in the tubular species here
(Rigby 1966). The basal part of the Argentine species
appears somewhat similar to the lower part of spherical
Protospongia tetranema Dawson, 1889, named from
Quebec, Canada. That Canadian species, however, does
not have the cylindrical pipe-like upper structure, al-
though it does have first-order quadrules approximately
5 mm square, within the general range of that seen in the
form here. However, differences in shape clearly differen-
tiate the species.

Protospongia mononema, Dawson, 1889, also described
from the black shale at Little Métis on the lower St.
Lawrence River in southeastern Quebec, is a spherical
form and also has first-order quadrules approximately 5
mm square. However, it has a single, long, root-tuft spicule,
in contrast to four root-tuft spicules in Protospongia
tetranema. The root tuft, if one were present in the Argen-
tina material, is not preserved nor differentiated. There is
strong alignment of some vertical rays within the quad-
ruled skeletal structure in the lower part of the hemi-
sphere, however, which would suggest the presence of
several tuft spicules if they were extensions of that struc-
ture. The structure is somewhat like that in Diagoniella
cyathiformis Dawson, 1889, but in Diagoniella the quad-
rules are diagonally arranged with reference to the princi-
pal dimensions of the sponge, rather than parallel, as in
the Argentine species and in other species of Protospongia.

Protospongia fenestrate, Salter, 1864, the type species
of the genus from the Lingula-flags of Wales, was based
on small fragments of the sponge skeleton. The quadruled
first-, second-, and third-order spicules are clearly shown
in the fragment, although somewhat diagonally arranged.
They may have been distorted during burial and fossiliza-
tion. The resulting first-order quadrules are approximately
4-5 mm across and high, within the general range of that
seen in the Argentine species described here. Because
nothing is known of the form of the Welsh sponge, it is
difficult to compare it with other species in the genus and
the rhomboidal, rather than rectangular, skeletal structure
of some of the sponge fragment suggests it may not belong
to Protospongia at all, as that genus is currently understood,
but to Diagoniella, as that genus is currently defined.

Material —Specimen PIL, 14.192 (PX 132), from Profile
2, Pefia Negra section.

PROTOSPONGIA species B
Figure 3.3

Description.—Small fragment of moderately coarse pro-
tosponge, 20 mm high and 10 mm wide, composed of first-
order quadrules approximately 5 mm high and 3.2-3.5
mm wide. First-order hexactines with proximal and distal
nodes 0.25-0.28 mm in diameter and at most approxi-
mately 0.1 mm long,. Vertical tangential rays 5-6 mm long
and horizontal ones 2-4 mm long, both 0.28-0.30 mm in
basal diameter. Rays overlap so quadrules bounded by
double rays from spicules whose ray centers are corners of
quadrules. Second-order quadrules faint impressions and
appear to be approximately half size of first-order quad-
rules, separated by second-order spicules with rays approx-
imately 3.0 mm long and 0.15-0.18 mm in diameter, but
not regularly preserved. Other small irregularly preserved
spicules, down to moderately well-defined ones with rays
0.5 mm long and 0.04 mm in basal ray diameter, occur in
sample but in irregular orientation, suggesting perhaps
additional two orders of spicules in reticulate net, follow-
ing on nature of skeletons in related forms.

Material —Sample PIL 14.193, (PZ 134) from the Vol-
cancito Formation, late lower Tremodocian Dictyonema
“facies” from Profile 2, Pefia Negra section.

“FOSSILS” OF UNKNOWN AFFINITY
Figures 3.6 and 3.7

Abundant spindle-shaped isolated bodies range from
0.15-0.2 mm in maximum diameter and 0.5-0.6 mm long,
to relatively robust spindle-like forms, 1.5 and 1.4 mm in
maximum diameter at midlength. These are isolated or
occur two or three side-by-side, or some may cross, but
most are isolated. Surface smooth to marked by angular
crystals that produce a microspinose surface where radiat-
ing fibers are best preserved in areas adjacent to matrix.
These fibers may be 0.02-0.04 mm long and 0.01-0.02
mm in basal diameter, and appear to terminate in sharp
tips almost like hairy fibrous gypsum crystals. In some
respect, bodies appear like cross sections of poorly pre-
served gypsum crystals which may have resulted from oxi-
dation of pyritic fossils to produce sulfates. Where two
“spindles” nearly side-by-side, fibrous needle-like crystals
extend between them, up to 0.035-0.04 mm long, and
commonly smaller than 0.01 mm in diameter, but occa-
sionally up to 0.02 mm in diameter, which is essentially
diameter of micronodes on individual spindle-like struc-
tures. Micronodes not in rows nor geometrically aligned,
but fairly regularly spaced.

“Spindles” occur in black siliceous siltstone associated
with isolated hexactines with basal ray diameters up to
0.25 mm, but smaller spicules with rays approximately
0.08 mm in diameter and 0.5 mm long more common,
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although neither are abundant nor organized into regular
skeletal net.

Discussion.—At first glance, the spindle-shaped struc-
tures appear like small, robust, monactine spicules, but
such spicules are unknown from the Cambrian. Their
irregular, almost strewn occurrence, is reminiscent of
some fecal pellet clusters, although they are certainly not
arranged in any fashion, because they are irregularly ori-
ented on the bedding plane, although long axes of the
“spindles” are generally parallel to the bedding, if they
are, indeed, three-dimensional, spindle-shaped rather than
exposed tips of gypsum-like minerals diagenetically pro-
duced in the sedimentary rocks as a result of breakdown
of the iron sulfide into calcium sulfate. The fibrous exterior
of many would suggest a mineralogic, rather than a bio-
logic, origin for the structures, or that they have been en-
larged by the fine, fibrous, crystalline growth preserved in
impressions around several of the “spindles.”

Material —Specimen PIL 14.194 (PZ 135), from Profile
2, Pefia Negra section.

REFERENCES CITED

Acefiolaza, F.G., and Toselli, A.J., 1977, Observaciones geolégicas y pale-
ontolégicas sobre el Ordovicico de la zona de Chaschuil, provincia
de Catamarca: Acta Geolégica Lilloana v. 14, p. 55-81, Tucumdn.

Acefiolaza, FG., and Toselli, A.J., 1981, Geologia del Noroeste Argentino,
Facultad de Ciencias Naturales, Universidad Nacional de Tucumén,
212 p. Tucumaén.

Acefiolaza, EG., and Toselli, A.J., 1988, El Sistema de Famatina, Argentina:
su interpretacién como orégeno de margen continental activo: V Con-
greso Geolégico Chileno, Actas 1, p. A55-A67, Santiago de Chile.

Acefiolaza, EG., Tortello, M.E, and Esteban, S.B., 1996, Oxygen deficient
facies of Lower Paleozoic age in Northwestern Argentina, in Baldis,
B., and Acefiolaza, F, eds., El Paleozoica inferior en el noroeste del
Gondwana, Serie Correlacién Geolégica, v. 12, p. 15-21, Tucumén.

Beresi, M.S., 1985, Capas con Archaeoscyphia (Porifera) en los sedimentos
carbondticos ordovicicos de la Precordillera de San Juan, Primeras
Jornadas sobre Geologia de Precordillera, Acta 1, p. 99-102, San
Juan.

Beresi, M.S., 1990, Las esponjas como indicadores paleoecoldgicos de la
Formacién San Juan, Precordillera; V Congreso Argentino de Paleon-
tologfa y Bioestratigrafia, Acta 1, p. 19-24, Tucumén.

Beresi, M.S., and Heredia, S., 1995, Asociacién de espiculas de porfferos
cdmbricos de la Formacién Empozada, Precordillera de Mendoza,
Ameghiniana, v. 32, no. 4, p. 401403, Buenos Aires.

Beresi, M.S., and Rigby, J.K., 1994, Sponges and chancelloriids from the
Cambrian of western Argentina: Journal of Paleontology, v. 68, p.
208-217; Lawrence.

Bulman, O., and Rushton, A., 1973, Tremador faunas from boreholes in
central England, Geological Survey of Great Britain, Bulletin 43, p.
1-41.

Dawson, J.W,, 1888, Preliminary note on new species of sponges from
the Quebec Group at Little Métis, Canadian Record of Science, v. 3,
p- 49-50.

Esteban, S.B., 1994, Oxygen-deficient facies in the early Ordovician of
the Famatina System, La Rioja province, NW Argentina, 14th
International Sedimentological Congress, Abstracts, p. A-10, Recife.

Finks, R.M., 1960, Late Paleozoic sponge faunas of the Texas Region,
The siliceous sponges, Bulletin of the American Museum of Natural
History, v. 120, article 1, 160 p.

Heredia, S., Bordonaro, O., and Matteoda, E., 1987, Espiculas de porfferos
de la Formacién La Cruz, Cdmbrico Superior, Departamento Las
Heras, provincia de Mendoza: Ameghiniana, v. 24, p. 17-20, Buenos
Aires.

Hinde, G.J., 1887, A monograph of the British fossil sponges, Part II,
Sponges of the Palaecozoic group, Palaeontographical Society of
London, p. 93-188.

Mangano, M.G., and Buatois, L.A., 1992, Historia deposicional de las
secuencias ordovicicas marinas del Sistema de Famatina en el noroeste
de la sierra de Narviez, Catamarca, Argentina: Cuarta Reunién
Argentina de Sedimentologica, Actas 2, p. 215222, La Plata.

Mangano, M.G., and Buatois, L.A., 1994, Estratigrafia y ambiente de
sedimentacién de la Formacién Suri en los alrededores del rio
Chaschuil, Ordovicico del Sistema del Famatina, noroeste Argentino:
Revista de la Asociacién Argentina de Sedimentologica v. 1, p.
143-169, Buenos Aires.

Mangano, M.G., and Buatois, L.A., 1996, Shallow marine event sedimen-
tation in a volcanic arc-related setting: the Ordovician Suri Forma-
tion, Famatina range, northwest Argentina, Sedimentary Geology, v.
103, (in press), Amsterdam.

Mannheim, R., 1993, Génesis de las volcanitas eopaleozoicas de Sistema
del Famatina, noroeste de Argentina, XII Congreso Geoldgico Argen-
tino y I Congreso de Exploracién de Hidrocarburos: Actas 4, p.
147-155, Mendoza.

Reid, R.E.H., 1958, A monograph of the Upper Cretaceous Hexactinel-
lida of Great Britain and Northern Ireland, Part 1, p. i—x1vi: Paleonto-
graphical Society, London.

Rigby, J.K., 1966, Protospongia hicksi Hinde from the Middle Cambrian
of western Utah, Journal of Paleontology, v. 40, p. 549-554.

Rigby, J.K., 1978, Porifera of the Middle Cambrian Wheeler Shale from
the Wheeler Amphitheater, House Range in western Utah, Journal of
Paleontology, v. 53, p. 1005-1012.

Rigby, J.K., 1983, Sponges of the Middle Cambrian Marjum Limestone
from Utah, Journal of Paleontology, v. 57, p. 240-270.

Rigby, J.K., 1986, Sponges of the Burgess shale (Middle Cambrian),
British Columbia, Palaeontographica Canadiana, No. 2, Canadian
Society of Petroleum Geologists and Geological Association of
Canada, 105 p.

Rigby, J.K., 1995, The hexactinellid sponge Cyathophycus from the Lower-
Middle Ordovician Vinini Formation of Central Nevada; Journal of
Paleontology, v. 69, p. 409—419. )

Rigby, J.K., and Harris, D.A., 1979, A new Silurian sponge fauna from
northern British Columbia, Canada, Journal of Paleontology, v. 53, p.
968-980.

Rigby, J.K., Gutidrrez, J.C., Robardet, M., and Pigarra, .M., 1996, First
articulated Silurian sponges from the Iberian Penninsula, Spain and
Portugal, Journal of Paleontology, in press.

Salter, J.W., 1864, On some new fossils from the Lingula Flags of Wales,
Quarterly Journal of Geological Society of London, v. 20, p. 233-241.

Schmidt, EE., 1887, Grundziige einer Spongien-Fauna des atlantischen
Gebietes; Wilhelm Engelmann, Leipzig, 88 p.

Schulze, FE., 1887, Report on the Hexactinellida collected by H.M.S.
Challenger during the years 1873-76; The voyage of H.M.S. Chal-
lenger, Zoology, Volume 21, 514 p.

Toselli, A.J., Acefiolaza F, Durand, F, Rossi de Toselli, J., Indri, D,
Cisterna, C., Lisiak, H., Lopez, J., Saal, A., and Esteban, S., 1991, El
Paleozoico inferior del Sistema de Famatina, Noroeste de Argentina,
VI Congreso Geologico Chileno, Resumenes expandidos, p. 867-871,
Vifia del Mar.

Walcott, C.D., 1920, Cambrian geology and paleontology, IV, Middle Cam-
brian Spongiae Smithsonian Miscellaneous Collections, v. 67, no. 6,
p. 261-364.






