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The Upper Bajocian ammonite Strenoceras in Chile:
first circum-Pacific record of the subfurcatum Zone

by G. E. G, Westermany and A. C. Riccarm #

with 1 plate and 1 fgure

Absteact,  The first Strenoveras [of, Latisndcataom (Qu.)] in the Americas - and the entire circam-
Pacific ~ was tound in the classical secrion of Caracoles in Antofagasta province, N. Chile. It
sratigraphic position is the boundary of the Torcazas and Mina Chica Formations, 1. e, dieatly
supergicent o the Stephanogeras Beds' {with S. dilense erc.). Since Stremoceras has only been
known from the subfurcarsem Zone, basal Upper Bajocian, of Europe and N. W. Africa, thiy
standard xone s pow estended to the S E. Pacific, The asociated Cadomates afl. deslomgcbum pss
abio indicates post-Lower Bajocian age and Tethyan afhnities,

Zusammenfassung. Day ente Strenoeeran [of, lansswlcazum (Qu.)] Amerikas - und des gesamren
circum-Pazibks - wurde im klassischen Profil von Caracolas, Antofagasta Province, N. Chile, ge-
funden. Die stratigraphische Position st an der Grenxe der Torcaras- und Mina Chica-Formauo-
nen, 4. h. dirckt Uber den Stephundceres-Schichten' {mit S. dhilenie ete.). Da Strenoceras bislang
iur vonr der v furcateom-Zone, basales Ober-Bajocium, von Europa und Nordwest-Afrika bekannt
ist, wird diese Standard-Zone nun bis rom Siidost-Pazifik erwertenr, Der assoruerte Cadomutes aff,
desdongchampsi weist aoch auf post-Unter-Bajociam und Tethys hin.

Introduction

In Sepiember 1978 we re-examined the Middle Jurassic section of the classical Caracoles
outcrops in Antofagasta province, Chile (Text-Fig. 1) (WesTeRMany & Riccanpr 1972-
79). We are indebted 1o G. Cnone 12, Universidad del Norte in Antofagasta, for logisti-
cal support.

The Cerros de Caracoles have long been noted for their silver mines and the ammoni-
tes (caracoles ~ snails), The mountains, rising from the gently dloping desert 1o over
ICCC m, are formed by uplifted blodks of Upper Triassic/Lower Jurassic voleanoclastics,
overlain by Middle-Upper Jurassic marine sediments, and injected by Cretaceous diori-
tes, andesites and Cenozoic porphyrites.
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The rich Middle and Upper Jurassic {(mainly Callovian) ammonite fauna became
kaown from the descriptions by Stemnsann (1881). Topographic and stratigraphic daza
were ladking, however. The only undoubred Bajocian species, in a martrix of .yellow or
light brown silicified rok”, was the  Stephanoceras bumpbriestanuwm® or ,Cocloceras
cormopoliticar Movmicxr”, recently namend §, dbilense Hitresganot (1977). The geol-
ogy and ammonite blostrangraphy was investigared by Hanmngron (1961), bur bis
foswils were listed only and later mostly lost. One of us (Westermann) re-examined the
Middle Jurassic outcrops in 1965, but was then unable w sample the complete Bajocan

Text-Fig. 1. Index maps 1o sweotion 15 of the Quebrada Descubridora at the old Caracoles mine,
Antofagasta Province, Chile.
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section, This concerns particularly the boundary between the arcnaceous Torcazas For-
mation with the superjacent argillaccous Mina Chica Formarion, i, ¢. the boundary be-
tween Lower and Upper Bajocian. HarminaTon's lithostratigraphic section together
with our ammonite identifications has been described in part 11 of our monograph (We-
sTERvANN & Riccarm 1979),

Honcesranoy (1970, 1973, 1977) and Ciiong, D. {1977) have used the term Jsubinr-
catum Zone" and other Evropean standard zones in a chronologic sense, i. ¢. dhronozone,
beyond the geographic range of the typical faunal assemblage. They placed in, or dawed
with, this zone thik beds in the central Domeyko Range, about 200 km south of Cara-
coles bearing an association of Stephanaceratinae surviving from the Lower Bajocian and
the typical Upper Bajocian Spiroceras, (2) Megasphaeroceras, and the  new™ genus Do
meykoceras Hintgsranos. The latter has been found 1o be synonymous with Lupherites
Imeay from the Middle/Upper Bajocian boundary beds of Oregon (Westrmmans & Ric-
carm 1979). From slightdy higher up. Hitiesranor reported Cadomistes and Lepro-
sphinctes rogether with | Megasphaeraceras™, but without Stephanoceratinae, whidh he
tentatively placed in the uppermost subfircatum Zone or in the garantiane Zone. In
the absence, however, of the Parkinsoniidae, i. e. Strenoceras, Cammontisphinctes, Garan-
tiara and Parkmsonea, on which the European zonation of the Upper Bajocian is based
(cf. STumans 1967, 1971), intec-continental correlation at the zonal level is difficuls.

Stratigraphy

The Quebrada Descubridora-15 composite section 15 in the low hilly terrain between this
large quebrada and the lower part of the tributary Quebrada Torcazas, about 1 km
above the junction (Text-Fig. 1). The boundary beds of the Torcazas and Mina Chica
Formations are as follows,

Formason  Bed Thickness

?lim Chica >1Em Yellow marls with calcarcows concretions
prart.)
J-1 Lower 7 m with Reineotela sp., Exrycephalites sp.
26 m Yellow and green silistone and siley marl with calear-
cows concretions and some lenticular sandstone.
H I upper 1 m: Xenacephalites sp, Perisphinctidae, *Ca-
domster sp,
G At 1316 m from base:
Euryeephalites sp.,
Xenoce pbaltes sp.
E,F At B-10 m from base: E, ci. boesei, Macrocephalitidae
indet., bivalves and bradviopods.

2m %:J;y and bituminous shale and mudstone with coquina
! f'l i
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Formation Bed Thickness
7 : I Near top: Poorly memd small and ufrmi frag-

mented Lissoceras b, oolithicwm (0'Ore.), Macrocepha-
litkdae or Sphacraceratidae, Perisphincudae, 2Parech-
ceras sp. and bivalves.
C Near base fragments of :

Stremocrrai cf, lansalearom (Que) Cadomites n. sp. B
aff. deddongehampa (0'Onre ),

Torcaras 15-20'm Intercalated siltstone and silty shale, vollow and lighe
brownish weathering, some calcareous sandstone.

B 2 m below top: Stephanoceras | Stephanoceras) of, chil-
ense Huvesmazwn, 8. (8, 1) aff, arcicontam  Iaiay,
Spaerocertidae inder.
10 m below top: 5. (S.) dhilense, §. (Stemmatoceras) cf,
A dowlmgs (McLyaxx).
= 10m Caonglomeranc sandstone.

QOur carlier collections from the uppermost Tocazas Formation included Stephuno-
veras chalenge Hivy, S. (Sternmatoceras) allans (WagreN)?, Teloceras of, crickmay chacay:
West. & Rice, and Liscoceras of, aolithicum (0Onn.), indicating the §. dhilense Subzone
of the Uipper bum phriesianson Standard Zone (Wesrexuany & Riccaro: 1979),

The 2 m interval C-D contains fragmented specimens, at least in part of Upper Bajo-
cuan age, which appear w be reworked. This horizon may therefore be ,condensed®
mcluding the sebfurcatim Zone as documented by the Stremoceras. The superjacent 26 m
interval E-H belongs already in the higher Bathonian to basal Callovian; while beds
J-I with Reineckeia and Ewrycephalites are clearly Lower Callovian. Most of the Upper
Bajocian and the Bathonian are therefore eicher much reduced in thickness or absent.

This confirms our earlier conclusion (Westermany & Riccannt 1979) that the ,Ste-
phanoceras beds” of Caracoles are sssentially restricted 1o the humphriesanum Zone. The
several, probably Upper Bajocian ammonites reported by Huczsxanor (1977, p. 37)
from Caracoles may be from che bed with Stenoceras ar the base of the Mina Chica For-
marion.

Palaconrology

Class CEPHALOPODA Cuvies, 1978
Order AMMONOIDEA Acassiz, 1347
Superfamily Perisphinctaceae Stranmans, 1890
Family Parkinsoniidae Buckmany, 1920
Genus Strenoceras Hyatr, 1900

Taxonomy. The best known, and one of the two oldest species named is S, subfurcarnm
(Zizren 183C) (ScmorHem, MS name: of, Parsons 1975}, The lectotype from Auer-
bach, Bavaria, was designated by Ankxer (1956, pl. 35, fig. 6; afcer Bunrz 1928, pl. 14,
bg. 1). 5. bajocense (DeErmance) of which the holotype was recently again illustrated by
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Arkriy (1957, p. L 308) and which includes 8, niortense (D'Orsiony 1846), has been
regarded 2s conspecific with 8. subfurcatum by some recent authors bur as a distinet,
sympatric species by others (cf. Pavia 1971). While S. bajocense has mostly simple ribs,
bifurcation is prevalent in 8. subfurcatum, This distinction, however, appears spurious
from the published illustrations (op cits.) and specific assignment certainly is not possible
for a whor! fragment which may belong to the body chamber (Paxsons 1975),

An apparently small species, distinet from the S. subfurcatum group, is . aplewrum
Bucxman (1921, pl. 239) from the subfurcatum Zone of England and the Venenan Alps
(Srukant 1971, pl. 13, figs. 22-23). It resembles our specimen somewhat in the obsoles-
cence of the secondaries and in the prominent tubercles or spines; these, however are much
more widely spaced and more rounded, and the pnmaries also bluot to obsolete.

Strenoceras is probably not the micracondh-dimorph 10 Garantzana Mascxr which, in
some recent liverarure, has thus been included in Strenoceras (e g Parsons 1975).

Vertical distribution. The vertical discribution of all previously known species of
Strenoceras is probably restricted to the European middle and vpper subfurcation Stan-
dard Zone, i.¢. the polygyralis and bacwlatum Subzones, best known from the Basses-
Alpes (Pavia 1971, Sturant 1971), The polygyralis and baculatum Subzones with Streno-
ceras ex pr. sebfurcatiom have also beea identified in England (PArsons 1976), while
the banks: Subzone at the base is mostly absent in northwest Germany, with the probable
exception of the thick shaly scction near Bielefeld (Benrz 1925, 1928, WesTERMANN 1969),
In the Basses- Alpes, only S, subfurcatum (s str.) ranges into the .sobroederi Subzone™
(Pavia 1971

‘The schroedent Subzone was introduced by Kumum (1952, Zone der Orthogarantisna
schroederi”) and based on the succession of the Bielefeld clay pis (Bentz, 1925, 1928,
Atmnors, 1938, cf. Wrrzer, 1954), supposedly contaiming Strenoceras spp., Garantiana
(Orthogarantiana) spp. the last G. bacwlats, early Parkinsonia and Spiroceras. Recent
work in the Bases-Alpes (above) and in Swabia (Dien. & Huccrr 1979), bowever,
strongly indicate thar the supposed robhroederi Subzone does not exist outside north-
western Germany, and it cannot be verified even there anymore. The superjacent Didbo-
tama Subzone of the Garantiana Zone, also of Kuss (1952, Zone der Presdogarantiana
dichotoma*) yielded abundanc G. (Psendogarantiung) spp. throughout as well as the firse
supposed G, (G.) garantiana, while the index fossil was recorded only from its upper
parc; Stremoceras swbfurcatum appears to be restricted 10 the lower part. The Strenaceras
range zone, therefore, s not known to overlap with the P. didhotoma range zone which
defines the gavantiana Zone. Furthermore, the ecarly .G. gavantiana® of BENTZ is now
known to be misidentified so thar G. garantiana begins only well above the last occar-
rence of Strenoceras (Diery, pers. comm.),

Geographic distribution.  The previously known distribution of Stremoceras reaches
from the Tellian Atlas in Algeria (ARKELL 1956, p. 278), over Portugal and Spain (e g.
Farror & Biancurer 1923, Mourernr et al. 1971 b}, to France, England (MouTenoe et
al. 1971 2. Parsons 1975, 1976}, norch and south Germany, and the Swiss and Italian Alps
(Pavia 1971, Bonvz 1925, 1928, Sturam 1971) to the Caucasus (ZaTvoruvrmsay, fide
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Pavia 1971). Significantly, the genus seems to be missing in the coeval Ermaceras fauna,
from the probably somewhar restricted basing of the North African margin, i« the
Sahara Atlas of Algeria and the Arabian Peninsula (Anxnis 1952 a, 1956, Isray 1970},

Strenaceras of. latisculatum (QuensTEDT)
Plare §, Figs. 12, b

Material.  One /4 whorl fragment with remnant of previous whorl; shell and sepration,
il present, obliterated by silicification; from bed C of Quebrada Descubridora section 15
(McM. ] 2500).

Description. At the reconstructed maximum diameter of 4 mm, the whorl section
is strongly depressed subelliprical (W = 19 mm, H = 12 mm, intercostal measarements),
with the almost vertical umbilical slope rounded into the narrow flanks which are
continuous with the broadly curved venter. The ornament consists of moderately spaced,
rectiradiace, thin and sharp prinaries ending in large lareral nodes at about 375 whorl
height, and of prominent ventro-lateral bullae, only one per primary. Lazeral nodes and
bullac are barely interconnected by obsolere secondaries. The mid-venter has a faint de-
pression only and complete interruption of the ornament.

Comparison. While this is undoubtedly a true Stremoceras, no other species hitherto
described apears 1o have quite as broad a whorl section. The best and oldest species with
relatively broad whorl sections without marked ventral groove is S, Jatisculatum (Quin-
STEDY 186687, pl. 70, fig. 2) from the subfwrcatun: Zone of the Swabian Jura, while §.
rorundum Bentz (1928, pl. 14, fig. 9) and §. fatidoraom Benrz (1925, pl. 4, fgs. 9.12)
From the subfurcatum Zone of Bielefeld and Goslar in northwest Germany, have a marked
ventral groove. S. latssewlatum has recently been reported from the baculatsm Subzone
of Swabia (Disr & Hucgex, 1979) suggesting that our form belongs in the upper sub-
Inwreatsom Zone.

Supetfamily STEPHANOCERATACEAE Neusaye, 1875
Family STEPHANOCERATIDAE Neusayg, 1875
Subfamily CADOMITINAE Wesrrkumann, 1956
Genus Cadomites Munier-Craimes, 1592

Stratigraphic distribution.  The C. dedongdhampsi group ranges through the Upper
Bajocian into the Lower Bathonian; the C. danbenyi (Gem.) group scems to appear as
carly but bas its greavest abundance in the Bathonian and survives into the Lower Callo-
vian, ¢. g, Moluccas (WasTERMANN et al. 1978).

The earlicst, quesnonable Cudomnires are plavulate forms apparently transitory tw
Stephanoceras x. ste., i e. C. (2) bumpbriesiformis and C. (?) lissajousi, Rocue spp.. from
the bladgens Subzone, bumpbhriesianum Standard Zone. and swbfurcatum Standard Zone
of France (Pavia 1971, pl. 17, figs. 1-4, 6).
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Figs, 14, b.  Tragment of Stremocerar of. Latisalcatom (QuENSTEDT], baxd € of Secrian 15, Que-
breda Descubridora,

Fiz.2, Pragment of Cadomites n. wp. B aff. C. deslongdbamps (0°Oxmony) 5, same bed and
lacality as [ig. 1
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The hiest undoubrted Cadomates came from the basal Upper Bajocian of Normandy,
e C, padacanthus (Wesmnrrn); the same species occurs more abundantly in the parkin-
som: Zone of the Alps (¢f. Wesvenmany & Riounr 1975). Another carly member of the
group of C. deslongdham psi is the rare C. bomalogaster Buckman (1925, pl. 543 a, b) from
the _Stepheoceratan, Leprosphincres hemera™ of Dorser. The whorls are narrower and
the secondaries finer {?obsolete) than in (. deslongabam psi.

An unnamed species, C. n.sp. A afi, deslongdhaompst, occurs in the lower Upper Bajo-
cian of Arroyo Blanco in Mendoza province, () Chacay Melehue in Neuquen province
(Wesrenmans & Riccaxm 1979, p. 69) and of Sierra Domeyko in Antofagasta province
(HirLgssanot 1977, p. 38). (We have reexamined the Quebrada del Profeta section and
found the new species associaved with Lipherites and Spivoceras)

Geographic distribution,  Both, Cadomites gr. deslongchamps: and C. gr. dawbenyi
accur in northern Africa and Europe in relative abundance; the second, mostly younger
group <an be traced eastward all che way o Japan, the Moluccas and New Guinea:
while the former, sazly group occurs disjunctively also in the Moluccas. The evidence
for Upper Bajocian in the Indo-West Pacific (Indo-Malay) province, however, is meager
so that distnbutional daea have to be taken wich extreme caution. The Andean record
from Mendoza, (7) Neuquen and Antofagasta provinces is the only additional one.

In North Afnica, the best record is from western Algeria (Evw 1971), where €, cf,
deslomgchamps: occurs in the, phaslus® [— polygyralis] Subzone of the sulfurcatum
Zone and other species in the Lower and Middle Bathonian,

In western Furope, Cadomires is relatively abundant io the Mediteerancan and Sub-
mediterranean provinees, £ g Spain, France, northern Imaly and Sicly (Wrexnr 1963,
STurant 1967, 1971, Pavia 1971), bur rare in south Germany (Buck et al. 1966) and
England (Bucksan 1925). The AR ar mostly Upper Baj pﬂuan and (Lower) Bathontan,

The occurrences to the cast of Poland (Korrc 1974), i.¢. Hungary, Romania, Asia
Minor, Georgia, Iran, and 0 the south, i. e. Madagascar, appear to be ennirely of Batho.
mian age, dating permutting (¢f. ARELL 1956, BREMER 1966, TsereTeLr 1968, COLLIGNON
1958) (? except for Kenva, of, WesTraMAN® 1975), In the Moluccas, C. all. desfengdhampn
oceurs together with Leprosphinctes sp. [.Caumontisphinctes™] in the upper Bajocian
and C. ¢f, daubenyi in the basal Callovian (WestexMann et al. 1978). The only Asian
Lare Bajocian record of Cadomites is from Japan, where C. ex gr. dawbenyi occurs in
the same outeérop with Leptospiunctes (and very questionable ,Garantiana® and [ Parkin-
jormia”™ ; Takartasm 1969), The record from Irian Java is dublous (Boeww 1913, pl. 3,
hg. 1),

The previous Andean record (Hittemxannoy 1977, Westreamansy & Riccanm 1979)
consists of C, n. sp. A, afl. C. deslongobampsi in the lower Upper Bajocian of Arroyo
Blanco in Mendoza Province, Chacay Melchue in Neuquen Provinee and the Cordillera
Domeyko in Antofagasta Provinee, and of C. cf. dawbeny: in the (2) Lower Bathonian of
Chacay Melehue.
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Material.  One fragment of large shell with beginning of bodv chamber and parts of
2 previous whorls, preserved righs side and veater only, siliciied (with shell?); from Bed
C of Quebrada Descubridora section 15 (McM J 2501).

Description.  The large shell had a phragmocone diameter of approximately 100 mm
and a rotal reconstructed size of at least 160 mm. The outer three whorls are rather evo-
lute and moderawely depressed subelliprical o wapezoidal in secuon (W/H == 1.3). The
mnper rounded flank reaches the umbilical seam with modest inclination. The maximum
whorl width is well above mid-flank ar about 3/5 whorl height and marked by a rounded
margin, at leass on the body chamber; the venter is broadly rounded, The ornament
consists of extremely dense and somewhat curved, sharp primanies which end in small
pointed tubercles on the lareral margin. On the outer whorl, the primaries become some-
what more widely spaced; they divide here mostly in 3 scoondaries which cross the venter
shightly convex. While, superficially, the ribs remain quite sharp up o the zad, they
become blunt on the internal mould.

Remmants of the last septal suture indicate that it bas 2 radial saddle envelope, with-
OUt FetracLion,

Comparison.  Our specimen resembles C. palacanthas (Wernmsrex) (cl. WesTerRvann &
Riourr 1975) racher closely, except for its denser and longer primarics. The longer prima-
ries resemble those of C. deslongchampsi (cf. Arxrrr 1952 b, Texthgs. 21, cf. Sruxani
1967, pl. &, fig. 1) The Chilean speaimen differs in the larger size and denser primaries.
The C. n. sp. A. aff. deslongobamps from Neuquen province (Wisrrnmaxs & Riccarn
1979) and Sierra Domeyko in Antofagasta province (unpublished) differ also in the
COATSC! PriMArnes.

Results

The presence in northern Chile o Strenoceras, the index fossil for the subfarcatam Zone,
15 the hiesy clear evidence for (1) the extension of that Eurafrican Stndard Zone into
the Andean (sub-) province of the circum-Pacific area and (2) i3 also additional evidence
for a direct marine connection during the Bajocian, through the (Central American™ cor
ridor. Significantly, this occurrence 15 near the nocthern limit of the well known Upper
Bajocian outcrops of the Andes,

Just north of this corridor, the Upper Bajocian of southwes: Mexico has closer Fura-
sian affinitics than any other contemporancous eastern Pacific ammonite Fauna (WesTeR-
MaNN, in press). It is of interest that a relative of Stremoceras, i. . Pavasirenoceras, s
abundant in Mexico and rare Mediterranean Europe, while Strenoceras has not ver been
found in Mexico.

The Andean occurrence of early Cadomires, a genus arising at abour the Lower/Upper
Bajocian boundary, and it probable absence in the North American Cordillera, adds 1o
the Tethvan affimity of the Andean Fauna {(WesTramans & Riccarnm 1976},
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