Roundness, shape and lithology of the pebbles of the Cancaniri tillites in southern Bolivia:
Genetic and paleogeographic implications
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I. The Cancaniri tillites
Early Palaeozoic diamictitic successions belonging to the Cancaniri (Zapla/Mecoyita) Fm. crop out in a large area in
the Central Andes, between 15° and 24° south (Crowell et al. 1981). The genesis as well as the precise age of these
rocks is under discussion up to now. A clear glacial genesis of the probably latest Ashgillian rocks could be confirmed
for the diamictites of a study area in southern Bolivia (NE of Sella, near Tarija, Fig. 1), where these rocks after a strong
hiatus follow Early Ordovician shallow marine strata and are capped by lowermost Silurian marine Ironstones
(SCHÖNIAN et al. 1999, c.f. Figs. 2 and 3). Within the succession three vertical facies groups could be recognized
reflecting three advances of glacier ice (Fig. 4).
Out of these diamictites about 300 clasts have been collected and analysed regarding their lithology and morphology.
The arguments of the clast analysis for the facies interpretation as well as additional genetic and paleogeographic
implications are reported herein.

Fig. 3: Cross sections of the study area and legend to the map
Fig. 1: Location of the study area

Fig. 2: Geological map of the study area
Fig. 4: Generalized
section of the
Cancaniri Fm.
in the study area

II. Roundness and shape

IV. Lithology of the clasts

The roundness of the pebbles within the tillites is
highly variable with values from 0.25 (angular/subangular) to 0.9 (very well rounded). The majority of the
clasts falls within the intervall between 0.4 and 0.7
(subangular/ subrounded to rounded) with an average roundness around 0.56 (Fig. 6, top).
The (intercept) sphericity of the analyzed pebbles is
rather high and almost all of the clasts fall within the
intervall of 0.4 to 0.9. Hence the shape of the clast is
mostly spherical but a lot of bladed and prolate spheroid (rod-like) pebbles do occur, especially in finer
sedimentary lithologies. The relatively high sphericity
and average to good roundness can be visualized
best and compared to modern analogues in
Sphericity/Roundness diagrams (Fig. 5).

The Cancaniri diamictites are highly polymict, but quartz and quartzitic
clasts predominate the composition (e.g. 43 and 12%). Not taking into
account those clasts that could not be classified either to the sediments or
the crystalline rocks, sedimentary pebbles of a slight diagenesis (35%) and
stronger diagenetized clasts (27%) together represent more than the half
of the samples (Fig. 7, top). Metamorphic rocks and igneous rocks account
for 18% and 20% of the composition, respectively. Carbonates and chemical sediments as well as mafic and ultramafic rock fragments are absent.
About 60 clasts were thin sectioned showing very varying lithologies including (a) siliciclastic sediments from the Ordovician underground, (b) far travelled, strongly diagenetized sandstones, (c) metamorphosed rocks from
greenschist to granulite facies (Para- and Orthometamorphites), (d) acidic/
intermediate plutonic and subvolcanic igneous rocks, and (e) volcanites.
Hence, the source area is highly variable but principally continental. The
erosion of the underlying Early Ordovician rocks could be confirmed by the
abundance of in part highly fossiliferous clasts, two of them carrying
Cruciana traces. Towards the top of the succession the amount of sedimentary pebbles decreases and that of igneous clasts increases (Fig. 7).

III. Facettation and striations
The clasts have been analysed to identify facetted
surfaces and striations in one or more directions (Fig.
6). More than 81% of them display facetted surfaces
and about 60% (or more) show striae in at least one
direction. The percentage of the facetted and striated
clasts and that of the pebbles facetted on 2,3,4 or
more sides and striated in 2,3 or more directions were
estimated. As for the shape there is no significant
variation of these percentages throughout the succcession (Fig. 6).

Fig. 5: Sphericity/
Roundness diagrams

V. Lithology and shape
The analytical data for the roundness and shape of the clasts have been
grouped regarding to their lithology. Some differences could be observed
from group to group. Sedimentary clasts generally tend to show a greater
variety of roundness, shape and sphericity than those of the other groups.
Oblate spheroid (flatiron-shaped) clasts are abundant and also some prolate spheroid (elongated, rod-like) pebbles do occur. Moreover most of
these clasts show a strong facettation and many of them are striated
(65%). Only magmatic clasts are more often facetted and striated (Fig.8).

Fig. 6: Roundness and
the amount of facetted
and striated clasts

Fig. 7: Composition of
the clasts in the
Cancaniri Diamictites

Fig. 8: Roundness/ Sphericity
and Facettation and Striations
after lithological classes

VI. Genetic implications

VII. The source area

The great majority (if not all) of the pebbles is clearly
shaped glacially in the basal zone of a glacier or ice
shield. This is together with the highly polymict nature of the diamictites, the confirmed erosion of the
underlying rocks and further facies criteria (e.g.
absence of marine intercalations) one of the main
arguments for the glacio-terrestrial genesis of the diamictites (tillites, see Schönian et al. 1999).
The implications derived from these results do go
even farther: Since the roundness/sphericity diagrams of the Cancaniri Fm. and those of samples of
supraglacial debris (Boulton 1978, c.f. Fig. 5, Fig. 8)
do not match, all material has undergone, at least partially, a subglacial transport path. This implies together with the predominance of finegrained, subglacial
tillites over coarser supraglacial diamictites first a
relief-subordinated glacier (inland ice shield) and
secondly a temperate basal thermal regime. The lattter is supported by the strong erosion of the ice shield
and the relatively low paleolatitudinal position of the
study area. The first assumption is strengthened by
the continuous regional distribution of the diamictites
with variable (generally less) thickness.

4 principally possible source areas were discussed in detail: 1. The
southwestern Amazonian Craton to the Northeast, 2. The Brazilian
Orogen (Paraguay Belt) to the East, 3. the Pampean Massiv (“Terrane”)
to the Southeast, and 4. the Antofalla Massiv to the Southwest (Fig. 10).
The Antofalla Massiv is characterized by a strong volcanism in the
Ordovician, however, volcanic and volcanoclastic rock fragments are
underrepresented within the diamictites studied. Therefore it can be
excluded as a possible source area. The Paraguay Belt contains mainly
carbonatic, variable siliciclastic and some chemical sedimentary rocks of
the Latest Precambrian/Early Cambrian. Most of these rocks are not
present in the clast composition. The possible candidates are therefore
the Amazonian Craton and the poorly known Pampean Massiv (Chacoarea). The first area is a very complex basement area with a great variety of Archaean to Cambrian rocks. Mafic and volcanic rocks which are
typical elements of this area are absent in the tillites as well as some typical sedimentary and granitoid lithologies.
The lithologies of the far travelled clasts within the Cancaniri Fm. match
best with the rare outcrops of the Pampean basement area (Sierras de
Cordoba, Alto de Asuncion and Rio-Apa-Block). The source area is therefore most probably located towards the Southeast (SE to SSE). This
interpretation is consistent with the measured clast orientation as well as
with the observation of a striated pavement about 80 km south of the
study area (Fig. 9, Martinez 1998).

Fig. 9: Orientation of
clasts in the Cancaniri
Fm. (complete successsion and lower part)

Fig. 10: The discussed
source areas in their
regional context

VIII. A Pampean Ice Shield in the Late
Ashgill
- preliminary results The Moun Pucara (=”castle” in Quechua) in the study area
(see Fig. 2) and the largest clast found (near Negro Muerto)

The results reported herein in concordance with recently published data (Buggisch
und Astini 1991, Astini 1999, Martinez 1998) lead to the conclusion of the existence
of an independent (?) Latest Ordovician ice shield on Western Gondwana which has
been responsible for the deposition of tillites from western through nordwestern
Argentina to southern Bolivia (Don Braulio, Zapla/Mecoyita and Cancaniri Fms., Fig.
11). Regarding the available data about transportation indicators it could have posssibly been centered somewhere in the present day Southern Chaco between the
rivers Río Salado, Río Bermejo and Río Paraná. A candidate for this glacial center
could be the mutual southwestern continuation of the Brazilian Foldbelt (Paraguay
Belt) beneath the phanerozoic cover of the Chaco plain (Fig. 11, c.f. Fig.12).
In this context an interesting finding is the match between the threefolded glacial
succession and the assumed temperate thermal regime in southern Bolivia and
western Argentina (c.f. Astini 1999). This and the lowermost Silurian ironstones,
occuring in all of the discussed localities, make a connection of these depositional
areas even more plausible.
More data are needed to determine the extent of the ice shield in western to northern Argentina as well as its northern continuation into central Bolivian realms of
the Cancaniri basin (c.f. Fig. 12).

Fig. 11: The suggested source area

Fig. 12: Paleogeography relations in the latest Ashgillian
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