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Abstract

Reineckeiidae of the Earty Callovian age from the Coastal Cordillera anhkf’\recordillera of
northern Chile are being described. Up to now, these Early Callovian reineckeids have-mostly been
described as species of Neuqueniceras STEnN, 1923, but new detailed studies allow for their placement
in the genus Frikites JEANNET, 1951, Frikites, which hitherto has also been regarded as a subgenus of
Neugqueniceras, shows such specific morphological characteristics that allow for it to be regarded as
an independent genus. Within the genus Frikites the following three new species can be distinguished:
Frikites lehmanni n. sp., F. zeili n. sp., and Frikites n. sp. In northern Chile, the beginning of the
Callovian can be determined by the first appearance of Frikites.

*) Authors' addresses: Dr. ANNETTE KossLEr, Geologisch-Palidontologisches Institut und Museum,
Universitit Hamburg, Bundesstrasse 55, 20146 Hamburg, Germany, e-mail: Kossler@geowiss.uni-
hamburg.de; Dr. ManFrRED GROSCHKE, Institut fiir Angewandte Geowissenschaften, Technische
Universitit Berlin, Ernst-Reuter-Platz 1, 10587 Berlin, Germany.
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Zusammenfassung

Reineckeiidae aus dem unteren Callovium der Kiisten- und Prikordillere Nordchiles, die bisher
zur Gattung Neuqueniceras STEHN, 1923 gestellt wurden, werden nun der Gattung Frikites JEANNET,
1951 zugeordnet. Die Gattung Frikites, die bisher u.a. als Untergattung von Neuqueniceras betrach-
tet wurde, wird aufgrund ihrer charakteristischen Gehduseskulptur nun als eigenstindige Gattung
angesehen. Aus Nordchile werden drei neue Arten von Frikites beschrieben: Frikites lehmanni n.
sp., F. zeili n. sp. und Frikites n. sp. Mit dem ersten Auftreten von Frikites kann in Nordchile der Be-
ginn des Calloviums erfasst werden.

I. Introduction

In northern Chile, marine Middle Jurassic sediments have been recorded from various
localities in the Coastal Cordillera and the Precordillera north of 26°S (e.g. STEINMANN,
1881; MoRICKE, 1894; GROSCHKE & HILLEBRANDT, 1985, 1993, 1994; GroscHKE & Prinz,
1986; GROSCHKE & WILKE, 1986; GROSCHKE et al., 1988; Prinz et al., 1994; KossLEr, 1998,
WiTTMANN, 2001). These Cordilleran sediments were deposited in a back-arc basin. They
partially consist of volcaniclastic materials resulting from the high input of the Jurassic
volcanic arc located to the west. The high sedimentary rate also led to an enormous thickness
of the north Chilean Jurassic formations. Additionally, the Bathonian and Callovian forma-
tions generally indicate a more pelagic influence that can be traced to sea-level high stands
during this time (KossLER, 1998; HiLLEBRANDT et al., 2000; WittmaNN, 2001). Consequently,
the Bathonian/Callovian sections are mainly characterized by thick series of thin-bedded,
fine-laminated calcilutites.

Within these sediments, ammonites are rare and for the most part badly preserved;
however, a few horizons have provided some well-preserved ammonites. Although many
of these have been found and described during the last two centuries (e.g. STEINMANN, 1881;
MORICKE, 1894; Jaworski, 1914; STenN, 1923), they mostly stemmed from scattered localities
and are characterized by the lack of stratigraphic control. Great progress has been made in
the understanding and correlation of the different Middle Jurassic ammonite sequences in
northern Chile due to the work of members of the Research Group “Mobilitét aktiver
Kontinentalrinder” and the Sonderforschungsbereich 267 “Deformationsprozesse in den
Anden” of the Deutsche Forschungsgemeinschaft, who were primarily interested in ammo-
noid biostratigraphy ( e.g. GROSCHKE & ZEiss, 1990; GroscHKe & HiLLeBraNDT, 1994; HiLLE-
BRANDT & GROSCHKE, 1995; GROSCHKE, 1996; GROSCH\KE & KossLER, 1999; HiLLEBRANDT, 2001 ).

This article aims at assigning the Lower Callovian reineckeids of northern Chile to the
genus Frikites, a genus which was most probably endemic in the Andean realm of northern
Chile and Argentina.

II. Localities

The ammonites examined here, formerly called Neugueniceras, were mostly found in
the Jurassic area of the Cerro Jaspe region, E of Sierra Moreno, N of Calama: 1) section I,
S of the Quebrada Berilo, 68°58°12“W/21°51°20“S, and 2) section II, S of the Quebrada
Berilo, 68°58°10“W/21°52°30S (see fig. 1). Further information about lithology including
locality map are already given in GROSCHKE & WILKE (1986: p. 1318 — 1323, fig. 1,2). The
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locality and the section of the specimens of the Quebrada Tiliviche (Costal Cordillera, E of
Pisagua) are described and figured in Wirtmann (2001: p. 23; p. 122, fig. 9-1).

Further information about localities and sections containing Frikites (=" Neuque-
niceras”) are shown in GROSCHKE & HILLEBRANDT (1994: Sierra Candeleros, p. 257; Quebrada
del Profeta, p. 257; Sierra de Argomedo, p. 258; Aguada El Oro, p. 258; Cerro Pascua, p.
260; Quebrada San Pedro, p. 260; Cerritos Bayos and Cerros San Lorenzo, p. 260 - 261),
HiLLEBRANDT & GROSCHKE (1995: Portezuelo Azabache, p. 8, fig. 1, 2; Aguada El Oro, p. 9,
fig. 1, 2), and in KossLer (1998:Costal Cordillera of Iquique, p. 112, Anhang: 13. Profil
“Oficina Condor, Abschnitt I1").

III. Biostratigraphy

Despite many new findings (eg. GROSCHKE & HiLLEBRANDT, 1993, 1995; GROSCHKE,
1996; KossLEr, 1998; HiLLEBRANDT, 2001) the subdivision of the north Chilean Middle
Jurassic succession in ammonite zones and the correlation with the European Standard
Zones frequently remain uncertain. Ammonites and other fossils tend to be scattered through-
out extremely thick formations, but they can also be concentrated in few faunal horizons.
An additional difficulty is the fact that the Chilean ammonite assemblages are often composed
of endemic and/or long living cosmopolitan taxa that do not allow for a definite comparison
with the European Standard Zones. For these reasons, the Bathonian/Callovian boundary
as it is defined in Europe cannot be exactly determined in northern Chile.

In Argentina, Riccaroi et al. (1989) and Riccarpr & WesTERMANN (1991a, b) could
recognize the Steinmanni Zone and the Stenocephalites gerthi-Horizon for the Upper and
Uppermost Bathonian and the Vergarensis-, Bodenbenderi-, and Proximum Zones for the Lower
Callovian; while the first Argentinean neuqueniceratids already occur within the Steinmanni
Zone of the Upper Bathonian (Riccarpi et al., 1989; Riccarni & WESTERMANN, 1991b).

According to GROSCHKE & HILLEBRANDT (1993, 1994), KossLEr (1998), and WITTMANN
(2001) this zoning cannot be applied to the Chilean sedimentary succession. In northern
Chile, specimens and fragments of Frikites occur in numerous localities, but mostly as iso-
lated moulds of body-chambers or in few faunal horizons. Because of the great distances
between the different sections in the Coastal- and the Precordillera, these cannot be correlated
exactly. But it is certain that Frikites always appears above horizons with Epistrenoceras
Bentz, 1928 and Choffatia jupiter STEINManN, 1881 (Upper Bathonian) and below horizons
with Rehmannia ScHIRARDIN emend., 1956, while the latter already indicates the beginning
of the Middle Callovian (RiccarDI & WESTERMANN, 199 1b; GROSCHKE & HILLEBRANDT, | 993).
Frikites never occurred together with the taxa mentioned above, i.e. neither with Epistre-
noceras and Choffatia jupiter nor with Rehmannia. Therefore, the occurrence of Frikites
provides clear evidence for the Lower Callovian in northern Chile, a period of time, which
is characterized by these mostly endemic ammonites. Moreover, according to GROSCHKE &
HiLLeBrANDT (1994) the first appearance of Frikites can be used to indicate the beginning
of the Callovian. At this moment, a subdivision of the Lower Callovian of northern Chile
into ammonite zones is impossible. Therefore, further sections with a continuous and an
uninterrupted record of ammonites would be absolutely necessary to introduce a valid zoning.
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IV. Systematic description

Repository of materials: For the moment, the materials used in this study are stored at
the Technical University of Berlin, Germany (TUB Gr-No., TUB Wi-No.). In the long run,
they will be returned to Chile.

Abbreviations: d, diameter in mm; u, umbilical width as a % of diameter; h, whorl
height in mm; w, whorl width in mm; h/w, whorl height/whorl width ratio; p, primary ribs
on a whole whorl; p/2, primary ribs on a half whorl; bc, body chamber.

Suborder Ammonitina Hvarr, 1889
Superfamily Perisphinctaceae STEINmMANN, 1890
Family Reineckeiidae Hyart, 1900

Cariou (1984: p. 35 - 36) has divided the Reineckeiidae into two new subfamilies, the
Neuqueniceratinae with the genera Neuqueniceras and Frikites and the Reineckeiinae. He
concluded that except for the geographical distribution restricted to South America and
Mexico, the Neuqueniceratinae differs from the Reineckeiinae by its perisphinctoid inner
whorls and the position of furcation points on the whorl sides. Whereas Cariou (1984) still
declared all South American reineckeids as belonging to the Neuqueniceratinae, some authors
(e.g. Riccarpi et al., 1989; Riccarpt & WESTERMANN, 1991b; GROSCHKE & HILLEBRANDT,
1993; KossLER, 1998; WiTTMANN, 2001) also proved the occurrence of genera of the Reine-
ckeiinae like Reineckeia BAYLE, 1878, Rehmannia, and Loczyceras BourQuin, 1968 in Ar-
gentina and Chile.

The present study led to the conclusion that Frikites does not fit well into the existing
subfamilies, neither into the Neuqueniceratinae nor into the Reineckeiinae. The genus Frikites
with its very variable morphology of shells shows features like the presence of tubercles on
the inner whorls and the tendency to evolve a more or less coronate shell form. Taking into
account the diagnostic characteristics proposed by Cariou (1984) and Riccarpr & WESTER-
MANN (1991b), Frikites allows neither for a secure assignment to the Neuqueniceratinae nor
to the Reineckeiinae. In our opinion, it seems to be doubtful that the subdivision into the
two subfamilies can be maintained for the Reineckeiidae.

Genus Frikites JEANNET, 1951

Type species: Reineckeia bodenbenderi TornquisT (1898, p. 51 -52 [183 - 184], pl.
10, fig. 1; stored in the GEORG-AuGusT-University Gottingen, Germany (GAUG 496-453).

Comments: JEANNET (1951) introduced the genus Frikites as a subgenus of Kellaway-
sites BuckMaNN, 1925, while he designated “Reineckeia” bodenbenderi TornQuisT, 1898
from the Paso del Espinazito of Argentina (San Juan province) as type species of Frikites.
In this context, he neither described nor discussed nor figured the type species Frikites bo-
denbenderi, but he added a new European species to this genus, Frikites freii, from the
Callovian beds of Switzerland. According to Cariou (1984) this European species belongs
to the reineckeid genus Rehmannia and has nothing to do with the South American £
bodenbenderi. 1t should also be mentioned that the type species of Frikites is a very rare
species, which hitherto has been proved only from the Paso del Espinazito with certainty.
All the further specimens specified in Riccarpt & WESTERMANN (1991b) are badly preserved
fragments; it is doubtful whether these fragments belong to F. bodenbenderi.

-
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In contrast to JEANNET (1951), many authors such as Busnarpo et al. (1964), WESTER-
MANN et al. (1984), Riccaroi et al. (1989), SanpovaL et al. (1990), and Riccarpr & WESTER-
MANN (1991b: N. (Frikites) bodenbenderi, p. 136, pl. 16, fig. 1a-c) ranked Frikites as a sub-
genus to Neuqueniceras STEHN, 1923, a reineckeid genus which is common and widespread
in the Upper Bathonian/Callovian of Argentina (STEHN, 1923; Riccarpi et al. 1989; RiccaRrDI
& WESTERMANN, 1991b). It is noteworthy that SpatH (1928) already included “Reineckeia”
bodenbenderi in Neuqueniceras.

Zgiss (1956) and ARkEeLL et al. (1957) considered Frikites as synonymous with Neugue-
niceras, due to the missing discussion of differences between Neuqueniceras and Frikites
by JEANNET (1951).

So far, the genus Neugueniceras has also been used for the large reineckeids of the
Lower Callovian of northern Chile (GroscukE & HILLEBRANDT, 1985, 1993, 1994; RiccARDI
& WESTERMANN, 1991b; KossLEr, 1998; WITTMANN, 2001). Now, new detailed studies have
shown that these large reineckeids are, in fact, closely related to Frikites bodenbenderi, but
they differ remarkably from the Argentinean genus Neuqueniceras, which up to now has
never been found in Chile.

Studies on the plaster casts of the originals in RiccarDi & WESTERMANN (1991b) of
Neuqueniceras steinmanni STERN, 1923 (the type species of Neugueniceras) have shown
that this genus is characterized by an obviously perisphinctoid shell, which shows non-
tuberculate inner whorls and outer whorls with distinct primary ribs bearing blade-like
bullae. Except for the bullae Neuqueniceras bears a strong resemblance to the Upper
Bathonian/Callovian genus Choffatia Siemirapzki, 1898 (Perisphinctidae), which is also
well-known from Chile (only Upper Bathonian) and Argentina (STEINMANN, 1881; ARKELL
etal., 1957; Riccarpi et al., 1989; GROSCHKE & HILLEBRANDT, 1994). It is most probable that
Neuqueniceras evolved from Choffatia.

Therefore, the distinctly different morphological features of the ammonites from the
Chilean back-arc basin, which were formerly called and described as Neuqueniceras in
GrOscHKE & HILLEBRANDT (1985, 1993, 1994), KossLer (1998), and WitTmManN (2001),
allow for their placement within the genus Frikites. We hereby follow Cariou (1984) who
stated the validity of Frikites as an independent genus. It seems to be that these reinickeids,
which belong to Frikites, evolved independently and parallel to the contemporary Argen-
tinean neuqueniceratids. At the moment, the precise relation between Neugueniceras and
Frikites is not very clear. Due to the scarce materials, the origin of Frikites cannot be
traced; it remains unclear whether there was a common ancestor or if they had distinct
roots.

Diagnosis: The diagnosis for the genus Frikites given in RiccarRDI & WESTERMANN
(1991b) ,,Large Neugueniceras with intermediate stage bearing moderately short primaries
with mid-lateral tubercles, and outer stage with very prominent and conical mid-lateral
spines” must be modified as follows:

Shell evolute, outer whorls depressed and bulky, position of tubercles more or less on
mid-flank. Tubercles may occur on innermost whorls, tubercles or spines very prominent
on outer whorls, spines may disappear on outer whorl of adult specimens. Quter whorl then
covered by distinct simple ribs.

Fig. 2: Measurements of the species of Frikites examined here and of the type species F. bodenbenderi (holotype).
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Frikites antipodum

TUB Gr 870423/1a 196 43 64 72 0,89 8/2
108 43 36 44 0,82 82
59 41 19 22 0,86 12/2
TUB Gr 870423/1b 194 46 54 62,5 0,86 14
120 43 40 44 0,91 12
TUB Gr 870423/1c 146 42 47 56 0,84 15
105 42 - - - 15
TUB Gr 870423/1d 143 41 47 56 0,84 14
113 41 38 43 0,88 15
~38 ~45 - - = =
TUB Gr 870423/1e 243 43 73 79 0,92 8/2
B 138 45 39 44 0,87 82
TUB Gr 870324/4 181 44 58 68 0,85 16
138 42 46 56 0,82 16
) 57 49 - - - 27
TUB Gr 831223/2 146 47 46 55 0,84 15
TUB Gr 860206/38a 104 40 36 42 0,86 12
B 81 40 29 35 0,83 15
TUB Gr 860206/43a 135 45 43 ~50 ~0,86 15
121 42 36 - - 15
TUB Gr 860206/43b ~175 ~46 - - - 15
143 43 45 ~50 ~0,9 15
~67 ~47 - - - 25
TUB Gr 860206/43c 92 38 33 37 0,89 8/2
~40 45 - - - 27
Frikites lehmanni
TUB Wi 090995/2 162 49 41 56 0,73 14
(holotype) 130 50 37 53 0,69 16
~68 ~53 - - - 25
~38 50 - - - 30
TUB Wi 090995/3 260 52 61,5 85,5 0,72 -
145 54 37 58 0,63 72
TUB Wi 090995/5b 121,5 56 28 39 0,72 ~7/2
Frikites zeili
TUB Gr 870423/1g 203 45 64 69 0,93 17
(holotype) 159 44 52 56 0,93 17
80 45 - - - 22
43 42 - - - 35
TUB Gr 870423/1h 161 44 49 51 0,96 15
115 44 38 41 0,93 20
84 44 32 - - 30
TUB Gr 860206/38b 122 46 39 42 0,93 17
66 44 - - - 25
31 42 - - - ~27
TUB Gr 860206/40 108 45 33 36 0,92 10/2
~60 43 17 19 0,89 46
TUB Gr 860206/43d 161 44 51 56 0,91 8/2
82 44 - - - 9/2
) ~39 - 16 18 0,88 ~34
Frikites ex gr. zeili )
TUB Gr 870423/1f 160 41 51 56 0,91 ~8/2
79 43 30 32 0,94 37
Frikites n. sp. -
TUB Gr 870423/2 162 46 50 54 0,93 ~28
113 42 36 38,5 0,94 49
~53 ~47 - - - 54
Frikites bodenbenderi )
Gau 460 178 59 40 48 0,83 -
140 59 33 41 0,8 1212
106 60 24 31 0,77 19
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Frikites antipodum (GoTTscHE, 1878)
(figs. 3-5)

1878  Simoceras Antipodum GOTTSCHE, p. 17, pl. 3, fig. 6.
v pars 1991  Neuqueniceras (Frikites) antipodum (GoT1TscHE, 1878) — RiccARDI & WESTERMANN,
p. 138 — 140, only specimen TUB 14-060374 (Cnong collection), pl. 20, fig. la, b.

Material: 11 specimens. Precordillera, E of Sierra Moreno, Cerro Jaspe region:

1) Section I (see fig. 1) = TUB Gr 860206/38a, mould of phragmocone with fragment
of body chamber and partial remains of shell; TUB Gr 860206/43a, mould of phragmocone
with fragment of body chamber and partial remains of shell; TUB Gr 860206/43b; mostly
complete mould of body chamber specimen; TUB Gr 860206/43c, fragment of phragmocone
with partially preserved body chamber; TUB Gr 831223/2, mould of phragmocone with
part of body chamber and remains of shell.

2) Section II (see fig. 1) = TUB Gr 870423/1a, mould of phragmocone with partially
preserved body chamber and partial remains of shell; TUB Gr 870423/1b, nearly complete
body chamber specimen with remains of shell; TUB Gr 870423/1¢, mould of phragmocone
with partially preserved body chamber and fragments of shell remains; TUB Gr 870423/
1d, mould of phragmocone with remains of shell; TUB Gr 870423/1e, incomplete phrag-
mocone with part of body chamber; TUB Gr 870324/4, mould of phragmocone with partial
remains of shell.

Description: Shell large, evolute and slightly coronate with irregular ribbing. On
inner whorls a ventral interruption of ribbing is existent through a weak band, on outer
whorls the broad venter become more or less smooth. Umbilical widths vary between 40%
- 47%. Whotl sections subovate, broader than high, h/w between 0,82 — 0,92 (see fig. 2).
Umbilical slope moderately deep without pronounced shoulders. Tubercles occur on the
furcation points and can be still observed on the innermost whorls. Later they develop to
more prominent and hollow spines. Constrictions are irregular and not frequent, they are
accompanied on one side by oblique simple ribs.

Up to a diameter of 25 — 40 mm, inner whorls with short, sharp, radiate or slightly
prorsiradiate primaries (approx. 26 — 29 per whorl). Primaries branch out in two - three
secondaries.

After this first stage with a diameter of 25 — 40 mm, the space between the primaries
becomes wider and number of primaries is reduced (approx. 15 per whorl). Primaries
branched out in three - five secondaries and intercalatories. Furcation points are situated
closely to the umbilical seam.

On the outer whorls primaries and secondaries become more flat and indistinct, secon-
daries are markedly reduced again. Primaries show the tendency to develop looped ribs.

Remarks: The description of the holotype (holotypy by monotypy) from “Espinazito”
(San Juan province, Argentina) given in GottscHE (1878) allows for a definite classification
of the Chilean specimens to antipodum. F. antipodum seems to be the most frequent species
of Frikites, which has a widespread distribution in the Andean realm of Chile and Argentina.

Figs. 3-5: Frikites antipodum (StenN, 1923); 3: TUB Gr 870423/1a, Precordillera, section I, horizon 1; 4:
TUB Gr 860206/38a, Precordillera, section I, horizon 1; 5: TUB Gr 860206/43a, Precordillera, section I,
horizon 2; Figs. 6-7: Frikites lehmanni n. sp., 6: TUB Wi 090995/3, Coastal Cordillera, Quebrada Tiliviche;
7: Holotype TUB Wi 090995/2, Coastal Cordillera, Quebrada Tiliviche. Scale for all figures 5 cm.
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Nevertheless, it remains doubtful if the fragments described and figured in Riccari et al.
(1989: N. (F) cf. bodenbenderi, pl. 9, fig. 1-2, considered synonymous with antipodum in
RiccarDI & WESTERMANN, 1991b) and Riccarpi & WESTERMANN (1991b: pl. 18, fig. 2-4; pl.
19, fig. 1-2) belong to antipodum. In our opinion, a classification of any species of Frikites
is not possible if it is based only on whorl fragments.

Occurence: Lower Callovian of the Chilean/Argentinean Andes.

Frikites lehmanni n. sp.
(fig. 6, 7)

2001 Neuqueniceras n. sp. A— WITTMANN, p. 49, pl. 1, fig. 1.

2001 Neugqueniceras n. sp. B — Wittmann, p. 49, pl. 3, fig. 1.

2001 Neugqueniceras (Frikites) bodenbenderi (TornQuIST) — WITTMANN, p. 49 — 50, pl. 3,
fig. 10.

Holotype: Fig. 7, original of WirtManN (2001: pl. 1, fig.1, Wittmann coll., TUB Wi
090995/2).

Derivation of name: Named in honour of Prof. Dr. Ulrich LEuManN (f 06.04.2003),
palacontologist at the University Hamburg, who performed ground breaking studies of the
biology of ammonites.

Type locality: Coastal Cordillera of northern Chile, E of Pisagua, Quebrada Tiliviche
(69°59°W/19°33°S).

Type horizon: see section “Profil Tiliviche” in WiTtmann (2001: p. 159).

Material; Coastal Cordillera of Pisagua, Quebrada Tiliviche: TUB Wi 090995/2, mould
of phragmocone; TUB Wi 090995/3, fragmentarily preserved mould of body chamber
specimen; TUB Wi 090995/5b, fragmentarily preserved mould of phragmocon; TUB Wi
090995/6b, fragment of mould of body chamber.

Diagnosis: Shell large, coronate and evolute, whorl section depressed-subovate. Ribs
bear tubercles beginning from inner whorls, in later stages tubercles very prominent,
developing to broad conical hollow spines.

Description: Shell evolute and coronate with irregular ribbing. At the venter of the
inner whorls ribbing is slightly depressed through a narrow and weak band, later interruption
of ribbing is more pronounced by a broad, more or less smooth band. Umbilicus widths
vary between 49% - 56% of diameter. Whorl section markedly broader than high, h/'w
between 0,63 — 0,73 (see fig. 2). Umbilical wall deep without pronounced shoulders.
Tubercles occur on the furcation points and can still be observed on the innermost whorls
(holotype TUB Wi 090995/2). Later they develop to very prominent, broad conical, and
hollow spines, which disappear on the body chamber of large, adult specimens (fig. 6, TUB
Wi 090995/3). Constrictions are irregular and not frequent, they are accompanied on one
side by oblique simple ribs.

Up to a diameter of approx. 65 mm (TUB Wi 090995/2), ribbing of the inner whorls
(innermost whorls are not well-preserved) dense with distinct short primaries (27 — 32 per
whorl, see fig. 7, which branch out (as far as recognizable) in two — three secondaries.
Primaries are radiate or slightly prorsiradiate.

Beyond the diameter of 65 mm, the space between the primaries becomes wider and
number of primaries is reduced (approx. 15 per whorl). Primaries branch out irregularly in
four - seven secondaries and intercalatories. Furcation points are close to the umbilical
seam.
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On the outer whorls, primaries and secondaries become indistinct, number of secon-
daries decrease again. Ornamentation of body chamber of adult specimen is characterized
by distinct, proconcave, and simple ribs.

Remarks: In contrast to £, lehmanni the type species of the genus Frikites, F. boden-
benderi, has a wider umbilicus and a more or less serpenticone habitus; at comparable
growths stages F. lehmanni shows stronger bulky whorls.

F. lehmanni differs from antipodum, zeili n. sp., and Frikites n. sp. by its distinct coro-
nate habitus, the wider umbilicus, the more depressed whorl sections, and the more promi-
nent spines.

Occurrence: Lower Callovian of the Coastal Cordillera of northern Chile.

Frikites zeili n. sp.
(figs. 8, 9)
Holotype: Fig. 8, GroscHKE coll., TUB Gr 870423/1g.

Derivation of name: Named in honour of Prof. Werner Zei ( 25.10.2003), who
conducted significant research in the Andes of South America and who always promoted
German/Latin American relations in geosciences.

Type locality: Precordillera of northern Chile, E of Sierra Moreno, Jurassic area of
the Cerro Jaspe region.

Type horizon: Horizon 1 of the section II (see fig. 1).

Material: 5 specimens. Precordillera, E of Sierra Moreno, Cerro Jaspe region (for co-
ordinates see 1. Localities):

1) Section 1 = TUB Gr 860206/38b, mould of phragmocone with remains of shell and
fragment of body chamber; TUB Gr 860206/40, mould of phragmocone with few remains
of shell, TUB Gr 860206/43d, fragment of phragmocone with partially preserved body
chamber.

2) Section 2 = TUB Gr 870423/1g, nearly complete body chamber specimen with
remains of shell; Gr 870423/1h, mould of phragmocone with partially preserved body
chamber.

Diagnosis: Shell large, evolute with perisphinctoid inner whorls and bulky outer
whotls, with prominent and hollow spines.

Description: Shell large, evolute with perisphinctoid inner stage, ribbing irregular. A
ventral interruption of ribbing is existent through a narrow, weak band. Venter of body
chamber of adult specimen is more or less smooth. Umbilical widths vary between 42% -
45% (see fig. 2). Whorl section subrounded to subovate, slightly broader than high, h/w
between 0,88 — 0,96. Inner whorls with flat whorl sides. Umbsilical slope more or less
shallow without pronounced shoulders. Tubercles occur on the furcation points and can be
observed on the inner whorls, later they become more prominent and develop to hollow
spines. Turbercles are situated approx. at mid-flank, on the inner whorls in less proximity
to the umbilical seam.

Diameter of the inner perisphinctoid stage varies depending on specimens (TUB Gr
860206/43b = ~45 mm; TUB Gr 870423/1g =~ 60 mm; TUB Gr 870423/1d = ~75 mm).
Perisphinctoid stage with dense, distinct, and projected ribs (approx. 35 — 46 primaries per
whorl). Primaries branch out irregularly in two-five secondaries, and intercalatories. Simp-
le ribs also occur.
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After the perisphinctoid stage, number of primaries decrease (approx. 20 — 25 per
whorl) and they become less sharp and looped. Ribs branch out in four - six secondaries
and intercalatories.

On the outer whorls, primaries and secondaries are only flat and indistinctly developed,
number of primaries and secondaries decrease again. Shell is covered by distinct growths
lines.

Remarks: F zeili n. sp. differs from antipodum, lehmanni and bodenbendery by its
distinct perisphinctoid inner whorls, which are characterized by a very dense and fine ribbing.

Occurence: Lower Callovian of the Precordillera of northern Chile.

Frikites ex gr. zeili
(fig. 10)
Material: One specimen. Precordillera, E of Sierra Moreno, Cerro Jaspe region (for

coordinates see II. Localities): Section II = TUB Gr 870423/1f, fragment of phragmocone
with partially preserved body chamber.

Description: Shell evolute with perisphinctoid inner whorls, ribbing irregular. At the
venter of the body chamber ribbing is depressed through a weak band. Umbilical widths
vary between 41% - 43%. Whorl sections subrounded to subovate, slightly broader than
high, h/w between 0,91 — 0,94 (see fig. 2). Inner whorls with flat whorl sides. Umbilical
slope moderately shallow, which shows on the inner whorls slightly pronounced shoulders.
Weak tubercles can be observed firstly at a diameter of approx. 70 mm. From this diameter
on, furcation points are situated closely to the umbilical seam. On the body chamber tubercles
develop to more prominent and hollow spines. Innermost whorls not preserved.

Up to a diameter of approx. 70 mm, inner whorls perisphinctoid with dense, prorsiradiate
ribs (37 primaries per whorl at a diameter of 70 mm). Furcation points at this stage mostly
covered by the successive whorl.

Beyond the diameter of 70 mm, the space between the primaries becomes wider, number
of primaries is reduced (approx. 8 per half whorl) and they become less sharply and looped.

On the body chamber primaries branch out in two secondaries and intercalatories, ribs
are less sharp and indistinct.

Remarks: Due to the fragmentary preservation and the scarce material a definite
assignment to a species of Frikites is not possible. The perisphinctoid inner whorls and the
looped ribs most probably indicate a close relationship to F zeili, but it differs from zeili by
its less dense inner ribbing and its higher positioned furcation points on the whorl sides.

Occurence: Lower Callovian of the Precordillera in northern Chile.

Frikites n. sp.
(fig. 11)

Material: One specimen. Precordillera, E of Sierra Moreno, Cerro Jaspe region: Sec-
tion I =TUB Gr 870423/2, phragmocone with partially preserved body chamber and remains
of shell.

Description: Shell evolute with inner perisphinctoid stage, ribbing irregular. Umbilical

widths approx. 42%. Whortl section subrounded, slightly broader than high, h/w is 0,93.
The inner perisphinctoid stage shows flat flanks. Umbilical slope more or less shallow. On

»
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the furcation points small, weak tubercles appear irregularly. They can only be observed
starting from a diameter of approx. 25 mm, because the innermost whorls are not preserved.
Later they develop to more prominent spines.

Up to a diameter of 100 mm, whorls are distinctly perisphinctoid with projected ribs,
primaries branch out in two - three ribs, and intercalatories. Most of the furcation points are
situated with less proximity to the umbilical seam.

Beyond the diameter of ~100 mm, the space between ribs becomes wider and number
of primaries is reduced.

Ormamentation of body chamber is characterized by proconcave, simple ribs and growths lines.

Remarks: Due to the fragmentary preservation of the scarce material a definite assign-
ment to a new species is not possible. Frikites n. sp. difters from zeili by its larger perisphinc-
toid stage, which only shows weakly developed tubercles on the furcation points. Within
the Lower Callovian succession, Frikites n. sp. is the youngest Lower Callovian species,
which occurred just below horizons of the Middle Callovian bearing Reimannia (see fig.
2). Frikites n. sp. shows partly morphological affinities to Rehmannia. 1t is likely that Fri-
kites n. sp. is a transitional species and an immediate ancestor of Rehmannia. In contrast to
this suggestion, Riccarpi & WESTERMANN (1991b) regard the Argentinean neuqueniceratids
as ancestors of Rehimannia.

Occurence: Lower Callovian of the Precordillera of northern Chile.

Acknowledgements

We are indebted to the following persons: Bernd KLEEBERG (photography), Dr. Ange-
lika Czekay (correcting our English), and Cordelia LaNGE (laboratory). We also want to
thank Prof. A.C. Riccarbi for the plaster casts of Neugueniceras. Financial assistance from
the Deutsche Forschungsgemeinschaft (Research Group “Mobilitit aktiver Kontinentalrin-
der” and the Sonderforschungsbereich 267 “Deformationsprozesse in den Anden”) for dif-
ferent field trips is also gratefully acknowledged.

References

ARKELL, W.J., KumMEL, B. & WRiGHT, C.W. (1957): Mesozoic Ammonoidea. — In: Moore, R.C. (ed.):
Treatise on Invertebrate Paleontology, Part L, Mollusca 4: 80-471.

Busnarpo, R., ELmi, S. & MancgoLp, CH. (1964): Ammonites calloviennes de Cabra (Andalousie,
Espagne). — Trav. Lab. Géol. Fac. Sc. Lyon, N.S. 11: 49-94.

Cariou, E. (1984): Les Reineckeiidae (Ammonitina, Callovien) de la Tethys Occidentale. Dimor-
phisme et evolution, etude a partier des gisements du centre-ouest de la France. — Doc. Lab.
Géol. Lyon, H.S. 8 (1): 1-460.

GottscHg, C. (1878): Uber jurassische Versteinerungen aus der argentinischen Cordillere. —
Palaentographica, Suppl. 3, Lfg. 2, Abt. 3: 1-50.

GROSCHKE, M. (1996): Zwei neue Ammoniten der Gattung Iniskinites aus dem Bathonium (Mittel-
jura) von Nordchile. — N. Jb. Geol. Paldont. Mh. 1996, H. 3: 140-146.

GROSCHKE, M., & HILLEBRANDT, A. von (1985): Trias und Jura in der mittleren Cordillera Domeyko
von Chile (23°30° — 24°30°). — N. Jb. Geol. Paldont. Abh. 170: 129-166.

GROSCHKE, M. & HILLEBRANDT, A. von (1993): Die paldobiogeographischen Beziehungen zwischen
Nordchile und Europa im mittleren Jura. — Geol. Bl. NO-Bayern 43 (1 — 3): 57-72.

112 )



GRrOsCHKE, M. & HILLEBRANDT, A. von (1994): The Bathonian in Northern Chile. — Geobios, Mém.
Spec. 17 (1): 255 — 264.

GROSCHKE, M. & KossLER, A. (1999): Reineckeiidae aus dem Callovium/Oxfordium-Grenzbereich
von Nordchile. — N. Jb. Geol. Paldont. Abh. 211 (1): 31-48.

GRrOScHKE, M. & Prinz, P. (1986): Geologische Utersuchungen in der nordchilenischen Prikord-
illere bei 22° S. — N. Jb. Geol. Paldont. Mh. 1986 (H. 7): 418-430.

GROsCHKE, M. & WILKE, H.-G. (1986): Lithology and stratigraphy of Jurassic sediments in the North
Chilean Pre-Cordillera between 21°30” and 22° S. — Zbl. Geol. Paldont., Teil 1, 9 (10): 1317-
1324.

GROsCHKE, M. & ZEiss, A. (1990): Die ersten Hecticoceraten und Distichoceraten (Ammonitina) aus
dem Callovium der Zentral-Anden. - N. Jb. Geol. Paldont. Abh. 178 (3): 267-283.

HiLLEBRANDT, A. von (2001): Ammonite stratigraphy of the Bajocian in Northern Chile. — Hantkeniana
3:49 - 87.

HiLLEBRANDT, A. von, BARTSCH, V., BEBIOLKA, A., KOSSLER, A., KRAMER, W., WILKE, H.-G. & WITTMANN,
S. (2000): The Paleographic Evolution in a Volcanic Arc/Back-Arc Setting during the Mesozoic
in Northern Chile. — Zeitschrift fiir Angewandte Geologie, SH 1: 87-93.

Jaworskl, E. (1914): Beitrige zur Kenntnis des Juras in Stidamerika. Teil I: Allgemeiner Teil. — In:
STemmManN, G. (ed.): Beitrdge zur Geologie und Palacontologie von Siidamerika. — N. Jb. Min.
Geol. Pal., Beil.-Bd. 37: 285-342.

JeanneT, A. (1951): Stratigraphie und Palaeontologie des oolithischen Eisenerzlagers von Herznach
und seiner Umgebung. — Beitréige zur Geologie der Schweiz, Geotechnische Serie, XIIIL. Liefe-
rung, Bd. §: 1-240.

KossLer, A. (1998): Der Jura in der Kiistenkordillere von iquique (Nordchile) — Paldontologie, Li-
thologie, Stratigraphie, Paldogeographie. — Berliner Geowiss. Abh. (A) 197: 1 — 226.

Moricke, W. (1894): Versteinerungen des Lias und Unteroolith von Chile. — In: STENMANN, G. (ed.):
Beitrige zur Geologie und Palacontologie von Siidamerika. — N. Jb. Min. Geol. Pal., Beil.-Bd.
9: 1-100.

Prinz, P., WiLKE, H.-G. & HILLEBRANDT, A. vON (1994): Sedimet accumulation and subsidence history
in the Mesozoic marginal basin of northern Chile. — In: REutTER, K.-J., ScHEUBER, E. & WIGGER,
P.J. (eds.): Tectonics of the southern Central Andes: 219-232.

Riccarpl, A.C. & WestermanN, GE.G. (1991a): Middle Jurassic ammonoid fauna and biochronology
of the Argentine-Chilean Andes. Part 1II: Bajocian-Callovian Eurycephalitinae, Stephanocera-
taceae. — Palaeontographica (A) 216: 111-145.

Riccarpi, A.C. & WEesTERMANN, GE.G. (1991b): Middle Jurassic ammonoid fauna and biochronology
of the Argentine-Chilean Andes. Part IV: Bathonian/Callovian Reineckeiidae. — Palacontographica
(A) 216: 111-145.

Riccarpl, A.G., WeSTERMANN, G.E.G. & Eimi, S. (1989): The Middle Jurassic Bathonian-Callovian
Ammonites Zones of the Argentine-Chilean Andes. — Geobios 22(5): 553-597.

Sanpovar, J., WeSTERMANN, GE.G. & MagrsHaLL, M.C. (1990): Ammonite Fauna, Stratigraphy and
Ecology of the Bathonien-Callovien (Jurassic) Tecocoyunca Group, South Mexico. — Palaeonto-
graphica (A) 210: 93-149.

Seath, L.F. (1928): Revision of the Jurassic Cephalopod Fauna of Kachh (Cutch): Part III. — Mem.
Geol. Surv. India, Palacontol. Indica. Vol. 9 (Mem. 2): 163-277.

Stenn, E. (1923): Beitrdge zur Kenntnis des Bathonien und Callovien in Siidamerika. — In: STEIN-
MAaNN, G. (ed.): Beitrige zur Geologie und Palacontologie von Siidamerika; N. Jb. Min. Geol.
Pal., Beil.-Bd. 49: 52-158.

Stemmann, G. (1881): Zur Kenntnis der Jura- und Kreideformation von Caracoles (Bolivia). — N. Jb.
Min. Geol. Pal. 1: 239-301.

TornQuisT, A. (1898): Der Dogger am Espinazito Pass. — Palacont. Abh. N.F. 3 (2): 135-204.

WesTerMaNN, GE.G., Corona, R. & Carrasco, R. (1984): The Andean Mid-Jurassic Neugueniceras
ammonite assemblages of Cualac, Mexico. — In: WestermanN, G.E.G. (ed.): Jurassic-Cretaceous
Biochronology and Paleogeography of North America. — Geol. Ass. Canada Spec. Pap. 27: 99-112.

113






