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Late Triassic Turtles from South America 
Guillermo W. Rougier,* Marcelo S. de la Fuente, 

Andrea B. Arcucci 

The discovery of Triassic (Norian)turtles from the northwest part of Argentina extends the 
South American record of turtles by 60 million years. Two skeletons, one almost complete, 
represent a new genus and species of a basal turtle, Palaeochersis talampayensis. This 
turtle is a member of the family Australochelidae that was recently erected for Aus-
tralochelys africanus from the Lower Jurassic of South Africa. Here, it is proposed that 
Australochelidae is the sister group of Proterochersis plus Casichelydia, that turtles were 
diverse by the LateTriassic,and that Casichelydia probablyoriginated during the Jurassic. 

Recen t  findines and restudv of ~revious" , . 
collections have led to a new understanding 
of the oriein of Casichelvdia (vleurodires 
and crypto2ires) and of tuitle reiations (1-
8) .  A few Gertnan localities of Norian age 
have yielded complete skeletons of Pro-
ganochelys quenstedti (7) and the carapace, 
plastron, and girdles of Proterochersis robusta 
(9) .Apart from these fossils, only extremely 
poor tnaterial from the Triassic attributed to 
Proganochelys has been reported worldwide 
(10).Proterochersis was previously identified 
as the oldest pleurodire (9) .  Therefore, 
pleurodires and cryptodires, the groups that 
i ~~c ludeall living turtles, should have made 
their appearance during the Upper Triassic 
(7,  9 ,  11). This would place tnodern turtles 
alnong the wide arrav of taxa, i~~c ludine  
frogs,crocodiles, matnmals, a n i  dinosaurs: 
that originated around this time (12). On 

u . . 
the hasis of our fossils, we question the 
inclusion of Proterochersis in Pleurodira and 
accordingly the Triassic origin of Casichely-
dia. Here, we report the discovery of two 
partial turtle skeleto~~scollected from the 
upper part of the Triassic Los Colorados 
Formation in northwestern Areentina." 
These fossils are associated with a tetrapod 
assemblage of Norian age (13-15) and they 
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extend the South American record of tur-
tles by 60 million years (16). 

Palaeochersis talampayensis gen. nov. sp. 
nov. is represented hy an unusually cotn-
plete skeleton (Figs. 1 and 2)  and additional 
tnaterial (17). Palaeochersis shows nLltnerous 
primitive features present in Proganochelys 
or other nonturtle amniotes, including 
paired vomers, persistence of supratemporal 
and interpterygoid vacuities, and epiplastral 
processes (clavicles). However, the impor-
tance of Palaeochersis rests in the numerous 
characters shared with more advanced tur-
tles (Fig. 3 ) ,  such as the incipient middle 
ear cavity, the fusion hetween the pterygoid 
and the hasicranium, and the fusion of the 
pelvis to the carapace; the latter is thought 
to be characteristic of pleurodires. 

Although identification of a sister 
group to turtles remains controversial 
(18),Proganochelys is considered to he the 
sister group to all other known t ~ ~ r t l e s( 7 ,  
8 ,  10,  11). We  performed a cladistic anal-
ysis (19) of major tirrtle taxa, using Pro-
ganochelys as one of the outgroups (Table 
l ) ,  and only one tree (20) was identified 
(Fig. 3 ) .  In this tree. Palaeochersis and 
.4uhtralochely a f r~canus ,an  Early Jurasslc 
turtle from Afr~ca,form a monophyletlc 
assemblage, Australochel~dae (11). The 
monophyly of Australochel~dae1s support-
ed by the presence of large elongated nares 
(21), a nasal ~ l a t f o r ~ nor bump, a wlde. , ,  

occipital plate with depressio~~sfor neck 
muscles, and a temporal fossa that is par-
tially closed by an  overhanging flange of 
the skull roof. The  geographic location of 
both members of Australochelidae sug-
gests a Southern Pangaeic-Gondwania~~ 
distribution for the family. 

Pritnitive a~nnioteor chelonian charac-



Fig. 1. Skull of P. talarnpayensis. (A) Ventral view; (8) dorsal view; (C) lateral view; (D) posterior view. Bo, 
basioccipital; Bs, basisphenoid; Feo, fenestra ovalis; Fp, foramen palatinurn; Iv, interpterygoid vacuity; Jf, 
jugular foramen; Ju, jugal; Lj, lower jaw; Na, nasal; Np, nasal plaiform; Op, opisthotic; Pa, parietal; Pf, 
prefrontal; PI, palatine; Po, postorbiial; Pt, pterygoid; Q, quadrate; Qj, quadratojugal; Sq, squamosal; St, 
stapes; Su, supraoccipital; and Vo, vomer. 

Fig. 2. Shell of P. talarnpayensis. (A) Dorsal view; (B) ventral view. Ac, acetabulum; An, anal notch; As, 
anal scute; Br, bridge; En, entoplastron; Ep, epiplastron; I,  ilium; P, plastron; Sm, supramarginal; Ti, 
transverse ischial process; and ?, posteriormost identifiable border of a supramarginal scute (1 is 
uncertain whether the supramarginal series continued posteriorly from this point). In (A) the central part of 
the carapace is missing, and the plastron and the large entoplastron (a primitive chelonian feature) are 
exposed. The pelvis is fused to the plastron through the posterior ischial shelf and the lateral pubic 
process, whereas the ilium is fused to the carapace through an extensive anteromedial process. 

ters retained by Palaeochersis, and probably 
by Awnalochelys, include the presence of a 
long tail, supramarginal scutes, an extensive 
entoplastron (Fig. 2), a dorsal process of the 
clavicle (epiplastron), and the presence of 
cervical ribs. Palaeochersis and Proganochelys 
both have amphicoelous vertebrae, which 
preclude the retraction of the neck into the 
carapace. This defensive tactic so conspic- 
uous in living turtles was accomplished in 
Palaeochersis by the dorsal extension of the 
carapace, whereas cervical ossifications 
gave protection in Proganochelys. Hence, 
the protection of the vulnerable neck was 
achieved through at least three different 
means during turtle evolution. 

Two characters are shared only between 
Proganochelys and Palaeochersis. They are 
the presence of a hypoischium, an ossifica- 
tion unknown in any other tetrapod, and 
the presence of two .phalanges in manual 
and pedal digits. The latter feature may be 
related to terrestrial habits, but the meaning 
of the former remains unclear. 

The association in Palaeochersis of a 
fused pelvis and a skull lacking pleurodiran 
features resulted in our exclusion of Protero- 
chersis from Pleurodira. The character  e el- 
vic fusion" has a distribution that renders it 
a synapomorphy of Rhaptochelydia (I I), 
with the surprising corollary that the free 
pelvis of cryptodires must be a reversion. 
Otherwise, it must have been acquired in- 
dependently in Palaeochersis, Proterochersis, 
and ~leurodires. 

~e relations of Proterochersis proposed 
here alter the timing for the origin of the " " 
Casichelydia, because Triassic turtles can 
no longer be attributed to this group. The 
oldest examples of Casichelydia would 
then be Kayentachelys ( I  ) (Lower Jurassic) 
for Cryptodira and Platychelys-Notoemys 
(22) (Upper Jurassic) for Pleurodira. How- 
ever, the position of Kayentachelys and 
Platychelys among casichelydians is weakly 
supported in our cladogram and in previ- 
ous cladograms (3). The exclusion of Kay- 
entachelys from Cryptodira, which would 
then become the sister group of Casichely- 
dia, and the removal of Platychelys from 
Pleurodira to the same position would add 
only one step. These alternatives reflect 
the ambiguity of many characters, primar- 
ily because of the absence of skulls in 
Proterochersis and Platychelys. Furthermore, 
if Kayentachelys and Platychelys are to be 
accepted as casichelydians, the loss of the 
epiplastral process and supramarginal scutes 
must be assumed to be convergent in living 
pleurodires and cryptodires. 

Despite the overall primitive aspect of 
the two genera of Australochelidae, the best 
supported node is Rhaptochelydia (Fig. 3). 
Twenty unequivocal synapomorphies ac- 
count for this node, of which 18 are cranial 
(Fig. 3). Most of these traits can be related 
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to the  consol idat io~~and modification of cranial (61%), it seems clear that the  skull 
the palate or to the  development of ear was more progressive than the  postcranial 
structures. Others seem to be related to skeleton during early turtle evolution. 
modifications of the  lnusculature of the  pos- blast turtle phylogenies have been based 
terior part of the  skull and neck. Only two o n  cranial traits, and only a few postcran~al 
postcranial synapornorphies are identified. features have heen mcluded. T h e  resultant 
Even though most of the  characters used are trees usually conform to the more numerous 

Fig. 3. Phyogenetc and temporal 
relations among basal turies. Syn-
apomorphes of each ingroup node 
are listed below. Equivocal charac-
ters are listed under the less n c u -
sive level of generality, and the 
more nclusive node is shown be-
tween parentheses w~ththe letter 
N. The condition of mutistate char-
acters is indicated with a hyphen. 
Characters 11, 12, and 25 were 
treated as unordered. Node 1, 
Pleurodira: 47, 48; equ~vocal45-
2(N3),50jN4). Node 2. Cryptod~ra: 
7. 13, 57-0; equ~vocal41(N3). 12-
I(N4). Node 3, Cas~chelyd~a:42, 
44, 46. 51. 59: equ~vocal1. 4, 6, 
11-2, 15-2, 26, 27, 28, 29, 35, 52, 
53(N4). 25-2(N6). Node 4, un-
named: 43, 54, 56, 61'; equivocal 
39. 40, 49(N6). Node 5, Australo-
chelidae: 2,3,31,32; equvocal25-
l(N6).Node 6. Rhaptochelydia: 5, 
8, 9-1, 10, 14, 16, 17, 18, 20, 21, 
22, 23. 24. 30, 33, 34, 36, 37. 55, 
57. Node 7, Testudines. Ma. mil-
lions of years ago. 

Table 1. Character state matr~xof the 61 characters used in this study (19).0, p rmtve  condition; 1 and 
2, derived states; and ?,  unknown. 

Outgroup 1 

0000000000 0000000000 0000000000 0000000000 0000000000 0000000000 0 

Proganochelys 

0000000000 0000000000 0000000000 0000000000 0000000000 0000000001 0 

Australochelys 

011010??11 00?1011101 ? I  11100001 1111??1??? ?????????? ?????????? ? 

Palaeochersis 

0110100111 1001111111 1111100001 11110111?? 00000000?0 0000101101 0 

Proterochersis 

?????????? ?????????? ?????????? ????????I1 001000??11 0??111110? 1 

Kayentachelys 

Platychelys 

?????????? ?????????? ?????????? ????????I1 0111211111 ???111101? 1 

Eupleurodira 

1001110121 2201211111 1111211111 0011111111 1111211111 1111111010 1 
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cranial data and lead to contradictions when 
only the postcranial features are considered. 
Such problems are outlined by Paiaeochersis. 
If aJe had found a n  isolated skull of Palneo-
chersis, its systematic position would have 
heen the same as that presented here. H o w  
ever, an  isolated postcranium would have 
forced us to conclude that primitive pleuro-
dires were present during the Triassic in 
Argentina as well as in Germany. 

Homovlastic evolution seems to  have 
been rarnpant in chelonian phylogeny, and 
the  recoverv of associated skulls and uost-
crania is a ;rerequisite for bui ld~nga'reli-
able phylogeny. By the  end of the  Triassic, 
turtles had already undergone a n  important 
radiation and were geographically wide-
spread. Three  different groups covered the  
southern and northern Darts of Pangaea.

u 

This diversity suggests that turtles evolved 
much earlier during the  Triassic. 

T h e  prospected upper part of the Los 
Colorados Formation shows extensive pa-
leodunes and sporadically intercalated wadi 
deposits (23). T h e  layer that yielded Palae-
ochersis rnav have been a mud flow covering 
a n  ephemeious channel. T h e  paleoenviron: 
mental setting and the  anatomv of the ex-
tremities ( r e d k t i o n  of the  phal;ngeal num-
ber and fifth digit) suggest that these turtles 
were a t  least partially terrestrial, as has also 
been suggested for Australochelys (1 1 ). By 
the  Triassic, turtles had attained a signifi-
cant ecological diversity that included 
freslla~ateramvhibious forms (such as Pro-
ganochelys) as well as more terrestrial forms 
(such as Proterochersis and probably the  
Australochelidae). 
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without art~cuaton( I ) ,  absent (2); 46, large proml-
nent entoplastrai keel absent: 47, articulaton of cer-
vical vertebrae concave or convex: 48, cer?~~calr~bs 
absent; 49, f~rstdorsal r ~ bsmaller than second: 50, 
tenth dorsal vertebra fused to sacrum; 51, acromal 
process triangular plate (0),rodike ( I ) ;  52, extenslve 
subrectangular and patelke coracod (O), absent ( I ) :  
53, coraco~dforamlna absent; 54, elongated i a c  
neck; 55, ventral isch~altubercle absent; 56, hypos-

chum absent; 57, fused pelvs; 58, large anterome-
d a  process of the ilum; 59, large thyrod fenestra on 
sch~umand pubis: 60 phalangeal formula 2222?, 
and 61, posterior schial shelf absent. 

20. The matrlx of Table 1 was examlned w~ ththe pro-
grams PAUP [D.Swofford. Phylogenetic Analysis 
Using Parsimony verson 3.1 .I(Smthsonian nstitu-
tion, Washngton, DC, 1993)] and Hennig86 (J. Far-
ris verslon 1.5, 1988). The analys~sy~eldeda tree 
length of 77, a consistency Index of 0.87 and a 
retenton ndex of 0.89. 

21. The large elongated nares are msslng In the type but 
are shown by an addtonal skull, whch IS mostly 
unprepared and remans uncataloged. 
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Serpentine Stability to Mantle Depths and 
Subduction-Related Magmatism 

Peter Ulmer and Volkmar Trommsdorff 

Results of high-pressure experiments on samples of hydrated mantle rocks show that the 
serpentine mineral antigorite is stable to -720°C at 2 gigapascals, to -690°C at 3 
gigapascals, and to -620°C at 5 gigapascals. The breakdown of antigorite to forsterite 
plus enstatite under these conditions produces 13 percent H,O by weight to depths of 
150 to 200 kilometers in subduction zones. This H,O is in an ideal position for ascent into 
the hotter, overlying mantle where it can cause partial melting in the source region for 
calc-alkaline magmas at a depth of 100 to 130 kilometers and a temperature of -1 300°C. 
The breakdown of antigorite in hydrated mantle produces an order of magnitude more 
H,O than does the dehydration of altered oceanic crust. 

I t  has been repeatedly proposed (1) that 
H,O liberated from a subducted litho-
spheric slab may cause partial melting in 
the overlying mantle wedge, thus giving rise 
to subduction-related volcanism. Hvdro-
thermal alteration of mantle rocks nea; the 
Earth's surface produces serpentine. Alter-
ation is extensive in ocean basins ( 2 )  and 
along continental margins (3). Fully serpen-
tinized peridotites (serpentinites) contain 
about 13% H,O bv weieht; subduction of- , " 
this altered mantle may thus transport large 
quantities of H,O to depths of arc magma 
genesis, provided that serpentine minerals 
are stable to high pressures and tempera-
tures. Serpentinites are thus potentially a 
more important source of H,O than hydrat-
ed rnafic oceanic crust, which contains 
<2% H 2 0by weight at 3.0 GPa and 700°C 
14). T h r o u ~ hfield evidence it has been~, c7 

demonstrated (5) that serpentine minerals 
are stable under eclogite facies conditions 
(2.0 GPa, 550°C). IVe describe here the 
results of an exverimental studv to evaluate 
the stability of serpentinite under these and 
higher pressure conditions. 

Serpentines [generalized formula Mg3Si2-
O,(OH)J are trioctahedral phyllosilicates 
that have 1:1 octahedral-tetrahedral layer 
structures (6) and are composed of three 
basic minerals: chrysotile, lizardite, and an-

lnstitut fur Mineraloge und Petrographie, Edgenossche 
Technische HochschuleZentrum. CH-8092 Zur~ch. 
Sw~tzerland 

tigorite. Experimental studies (7) have dem-
onstrated that antigorite is the only serpen-
tine mineral stable at conditions up to 1.5 
GPa and 650°C. In nature, antigorite forms 
either throueh breakdown of less stable ser-" 
pentine minerals or directly from peridotite. 
Our experiments were therefore carried out 
on antigorite. 

Antigorite [typical compositioll Mg2,ii2-
Si20j(OH),,,I is co~nposedof corrugated 
layers with a sinusoidal octahedral layer and 
a tetrahedral layer that reverses its polarity 
every half wavelength. The wavelength is 
variable and is expressed in terms of the 
number of tetrahedra (m) occurring along 
an entire wave. Some variations in compo-
sition and structure are common as a con-
sequence of wavelike structural modula-
tions (8). It is therefore crucial that in 
experimental investigations homogeneous 
material that is well characterized be used. 

Such material cannot be obtained svn-
thetically. We therefore chose a homoge-
neous natural antigorite [m = 17, ideal for-
mula Mg48Si3408j(OH)h2]that shows no 
structural or comnositional modulations (9). 
This natural antigorite contains impurities 
(10).The calculated shift in the breakdown 
equilibrium curve of this antigorite with re-
spect to a pure end-member, hoa,ever, is in 
the range of experimental uncertainty 
(11 ). The sample separated from the rock 
(sample Mgl59) consists of 85% antigorite 
and 15% brucite [Mg(OH):] by volume. 
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