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Abstract

The early Jurassic volcanism of Central Patagonia covers an extensive area of
50,000 km? where the volcanic deposits occur as isolated systems. The volcanic
records form an elongated belt in which the composition, depositional and genetic
features, show several differences along with its distribution. The Cafiadon Chileno
Complex (CCHC), located in the Rio Negro province, provides the opportunity to
evaluate and improve the knowledge about the Lower Jurassic volcanic stratigraphy

and the lower Jurassic regional setting of Central Patagonia.

Based on the field and laboratory data developed in the present work, 22
lithofacies were recognized and grouped into eight facies associations. The
continental sedimentary environments include alluvial fan deposits (FA 1),
ephemeral deposits (FA 2), braided fluvial deposits (FA 3), alluvial plains, or over
banks (FA 4), and lacustrine deposits (FA 9). On the other hand, the pyroclastic
facies were separated according to the pyroclastic currents involved during the
deposition; into fall-out, dilute, and density currents (FA 5, FA 6, and FA 7). Effusive

andesitic feeders and lava-flows (FA 8) were also recognized.

The stratigraphic data obtained in the present work allow proposing the
existence of two felsic diatreme volcanoes in the CCHC records - described here as
Southern and Northern Zone-, developed over a local subsided area, represented by

an asymmetrical basin.

Seven units were recognized and described in the CCHC (Units a, b, ¢, d, e, f,
and g: unit (a) represents an initial stage of continental sedimentation recorded
throughout the entire Complex. Unit (b) represents the upper felsic diatreme facies,

in Southern Zone of the Complex, where debris flows are interbedded with massive



lapilli-tuff deposits. Unit (c) consists of local andesitic lavas flows and feeder dikes,
and the unit (d) consists of welded lapilli tuff deposits interpreted as the growth of the
volcanic system. The Northern Zone evolves similarly with the felsic intra-diatreme
deposits of unit (e). The unit (f) consisting of an effusive stage represented by
extended andesitic lava flows. Finally, a deep lacustrine system is installed (unit g)
that includes shallow and deep facies, with intercalations of local pyroclastic

deposits.

Also, new geochronological data (U-Pb zircon age of 188 * 3 Ma) was
determined to confirm and reinforce the correlation criteria between the different
volcanic areas in Central Patagonia, indicating that the volcanism described here is
synchronous with the Northern silica-rich calderas of the Garamilla Formation as well
as the large andesitic volcanoes of the Lonco Trapial Formation located southward
to the CCHC. The regional volcanism changes described, in the present work, are
connected with the N-S rift segment limited by E-W regional transfer fault systems

developed in continuity to the strike-slip structures of the La Esperanza area.



1. Introduction

The Jurassic magmatism in the eastern region of Patagonia is usually assigned
to the Chon Aike Igneous Province. It forms one of the largest rhyolitic province in
the world (Pankhurst et al. 1998, 2000; Riley et al. 2001) and a significant geological
feature of North Patagonia. Its origin is related to the rupture and fragmentation of
SW Gondwana with the subsequent generation of the South Atlantic Ocean (Rapela
et al. 2005 and references therein). A combined roll-back subducted slab in the
Pacific margin, and the asthenospheric upwelling in the foreland area characterizes
the massive extension of the Patagonian crust and the widespread volcanism
developed during this time-spam (Pankhurst et al. 2000; Rapela et al. 2005;
Mpodozis and Ramos, 2008). Recently, Navarrete et al. 2016 and 2019 have
proposed the existence of compressive stages in Patagonia and their relationship
with the Chon Aike SLIP location and evolution.

The Central Patagonia area is one of the portions of the Patagonia region,
where its magmatism is extensively recorded (Fig. 1). The Jurassic outcrops form a
450 km elongated belt, orientated NNW-SSE, that covers more than 50,000 km?,
named as Central Patagonia Belt (CPB; Zaffarana et al. 2018). The CPB occurs in
the back-arc environment, respect to the western short-lived Early Jurassic arc
(Subcordilleran Plutonic Belt; Gordon and Ort, 1993; Haller et al. 1999; Rapela et al.
2005). The CPB volcanic products were usually undifferentiated in the literature;
however, local and regional geological data indicates that the related records are far
from being homogeneous.

The CPB volcanic units can be divided into two compositional domains related

to different stacking patterns. The North domain located mainly in the Rio Negro



Province is characterized by calc-alkaline silica-rich pyroclastic deposits associated
with caldera-forming eruptions (Benedini and Gregori, 2013; Benedini et al. 2014).
The South domain, mainly developed southern to the 41°30’ S parallel, is composed
of calc-alkaline highly-extended intermediate to basic lavas (Lonco Trapial
formations, Lesta and Ferello, 1972; Nullo and Proserpio, 1975; Nullo, 1978) and
minor sedimentary deposits (Proserpio, 1978; Page and Page 1993). The
compositional change of volcanic records between both domains shows a transition
interval where both coexist together along 110 km (between 40°30 to 41°30).

In order to understand how such regional changes occur, a detailed geological
description in a volcano-sedimentary depocenter named Cafiadén Chileno Complex
(CCHC) was made. The CCHC occurs as an elongated volcano-sedimentary
depression, 90 km eastward of San Carlos de Bariloche city. This work attempts to
point out the changes in the local geology as a function of the spatial distribution of
the CPB units, besides analyzing the relationships of such variations with the
regional setting. New geologic fieldwork description, mapping, and geochronological
data are combined here to set up a detailed tectonic configuration of the Lower

Jurassic Patagonian Volcanism.

2. Tectonic settings

The Gondwana break-up in Argentina is marked by a widespread extension
manifested through the formation of extensive rift systems that were active during
the Triassic and Jurassic Period. The extensional phase was oblique respect to the
NNW-oriented inherited structural weakness basement (Uliana and Biddle, 1988).
The Lower Jurassic oblique extension was reported in western Argentina, over more

than 800 km, related to the syn-rift units of the Neuquén basin (Neuquén Province,



Cristallini et al. 2009; Bechis et al. 2014) and Central Andes (Mendoza Province,
Bechis et al. 2009).

In North Patagonia, the Gondwana break-up records are coeval with the
oblique roll-back of the subducted slab (Rapela et al. 2005; Mpdozis and Ramaos,
2008). The Pacific subduction (Gordon and Ort, 1993; Haller et al.1999; Rapela et al.
2005) formed a discontinuous magmatic arc in the Patagonian Andes, with sparsely
distributed granitic bodies (Rapela et al. 2005). Eastward, in the extra Andean
region, the CPB also registered the obliqgue extension event that is represented by a
Lower Jurassic high obliquity rift system in the vicinity of the Limay River (Benedini et
al. 2014).

In the North CPB domain, oblique extension and the related volcanism extends
from Piedra del Aguila to Ingeniero Jacobacci (Benedini et al. 2014; Fig. 1) covering
more than 150 km along N345° strike. The Lower Pliensbachian Garamilla
Formation (~187 = 2 Ma, U-Pb zircon age, Benedini and Gregori, 2013) registers this
extensional phase. Several silica-rich caldera-forming eruptions took place together
with a large number of volcanic centers and a widespread dike swarm. The regional
dike swarm within Garamilla Formation progressively disappears before the Fita
Ruin Canyon, 80 km southward Piedra del Aguila city. The dike swarm is markedly
continuous, tracing the regional stress field and the obliquity angle of extension ~70°
(Benedini et al. 2014).

The CCHC occurs in a transitional CPB domain southern to the Fita Ruin
Canyon, where acidic and intermediate volcanic systems coexist up to the 41°30’ S
parallel. In this interval, the pyroclastic silica-rich deposits are gradually replaced by
the basic to intermediate volcanic deposits that characterizes the South CPB

domain.



The South CPB domain geological record is represented by the Lonco Trapial
Formation (Lesta and Ferello, 1972; Nullo and Proserpio, 1975), which is composed
by calc-alkaline intermediate to basic lavas (Lesta and Ferello, 1972; Nullo and
Proserpio, 1975; Zaffarana et al., 2018) and minor sedimentary deposits (Proserpio,
1974; Page and Page, 1993). It is formed by one of the most productive andesitic
volcanism in Patagonia (Taquetrén hill, near to the Chubut and Rio Negro provinces
boundary). This unit, temporarily coeval to the Garamilla Formation, yielded 190-183
Ma (Zaffarana and Somoza, 2012; Cuneo et al. 2013) between the Pliensbachian
and the early Toarcian ages.

A second extensional phase is recorded in the South CPB domain, and it is
represented by pull-apart sedimentation (Cafiadén Asfalto Formation) during the
Toarcian and Bajocian ages (Bouhier et al. 2017; Hauser et al. 2017). Continental
fluvial and deep lacustrine sedimentary rocks were deposited interdigitated with
andesitic and dacitic lavas (Figari and Courtade, 1993; Cortinas, 1996; Cuneo et al.
2013; Figari et al. 2016; Hauser et al. 2017; Bouhier et al. 2017). The dacitic
ignimbrites facies are subordinated to the effusive ones (Figari et al. 2016; Bouhier
et al. 2017).

A summary of tectonics elements, including those registered in the Atlantic
Ocean area, together with locations, ages, geological units, and rifting episodes, is

presented in Table 1 following similar criteria to Pankhurst et al. 2000.

3. Applied Methodologies

A total of six stratigraphic sections were logged during fieldwork. Because
lateral variability is ubiquitous, 312 observation points were registered to describe
the different architectural elements. The recorded logging data include grain sizes,
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lithofacies codes, sedimentary structures, component abundances, and paleocurrent
information. Lithofacies coding of volcanic rocks was elaborated following Branney
and Kokelaar (2002) and McPhie et al. (1993) and for sedimentary facies following
Miall (1996). Representative samples were collected for petrographic descriptions.
Strata and fault attitudes, as well as thickness, were measured together with the

facies analysis.

Thirty-one thin sections were made in the Laboratorio de Petrotomia at the
Universidad Nacional del Sur, Argentina (UNS), to determine volcanic and
sedimentary textures besides mineralogy. Likewise, we establish the depositional
age of the CCHC volcanic deposits, sample PRJ-FA84, in the Laboratério
Multiusuario de Analises Isotdpicas (MultiLab) at Rio de Janeiro State University
(UERJ), Brazil. An ICP-MS laser ablation Neptune Plus was used to determine the

U-Pb isotopic concentrations in zircons.

4. Results

4.1. Field descriptions

The CCHC outcrops are elongated, extend along ca. 6km, and ‘sigmoid-
shaped’. It is bounded by two normal fault arrays, NNW-SSE strike, that extend
beyond the CCHC limits. According to the structural framework, bed attitude,
stacking pattern, and the changes in environmental conditions, the CCHC records
can be divided into two different zones (Northern and Southern) that are genetically
linked to a common origin and exposed in angular unconformity over Lower Permian

granites.



The Northern Zone of the CCHC presents a 4 km diameter, measured on the
major axis of the ellipse, and shows an elliptical morphology in which the volcanic
beds have centripetal inward immersions (saucer-shaped). These attitudes are
interpreted as generated under the influence of both syn-volcanic activity and post-
depositional deformation. Conversely, the Southern Zone has a minor extension (ca.
1.5 km diameter) and is locally faulted and folded. The constrained deformation of
the deposits indicates that the deposition in both zones occurs diachronically.
Particularly, volcanic sedimentation begins in the southern zone and subsequently

migrates northwards with the evolution of the Complex (Fig. 2).

According to the collected data, 22 sedimentary and volcanic facies were
recognized and characterized (Table 2). The sedimentary deposits were grouped
into five facies associations (FAs) denominated as FA 1, FA 2, FA 3, FA 4, and FA 9
while the volcanic units were divided into four facies associations (FA 5, FA 6, FA
7and FA 8). The continental sedimentary environments include alluvial fan deposits
(FA 1), ephemeral deposits (FA 2), braided fluvial deposits (FA 3), alluvial plains, or
over banks (FA 4), and lacustrine deposits (FA 9). On the other hand, the pyroclastic
facies were separated according to the pyroclastic density currents primary
processes; into direct fall-out dominated, traction-dominated, and granular flow-
dominated facies association (FA 5, FA 6, and FA 7). The effusive andesitic feeders
and lava-flows (FA 8) were considered as a unique FA (Table 3). Figures 3 and 4

show the relationships between the different FAs.

The FAs are grouped into six sedimentary and volcanic units. The first one, unit
(@), is recorded in both zones (Northern and Southern). The units (b), (c), and (d)
crop out in the Southern Zone, while units (e), (f), and (g) occur in the Northern
Zone. All of them compose the entire CCHC stratigraphic sequence. The FAs

9



distributions, relationships, and occurrence in the CCHC zones are shown in figures

3 and 4.

4.2. The CCHC pre-eruptive stratigraphy

The unit (a) crops-out along the western margin of the Complex (~ 6km) being
covered by modern deposits and unit (b) facies. It consists of a 40 to 130m thick
fining-upward sequence of continental deposits (Fig. 5A). The alluvial fans FAs (FA
1) grades to ephemeral and overbank deposits while sedimentation progresses
eastward from the western fault scarp, as indicated by paleocurrent data. The unit
thickness also diminishes in the same direction. The FA 1 and FA 2 dominate the
basal sequence record, while FA 4 is only poorly represented toward the top of the

Unit.

The alluvial fan record (FA 1) is red and white-colored, and this feature allows
its differentiation from the upper volcanic associations. Massive matrix-supported
conglomerate and breccia (gmm) are the most significant facies in this association. It
forms a flat to lobe-shaped strata of 0.1 to 5 m thick, characterized by an erosive

base, occasionally channelized (gcm, gt), and normally graded (gmg; Fig. 5B).

Channel shaped sandstone bodies (FA 2a) are constituted by massive
sandstones (Sm) 1 to 6 m thick and 5 to 50 m wide. Occasionally normal-coarse-
graded conglomerate (gmg) occurs at the base of the unit (Fig. 5C). The massive
sandstones are homogeneous, moderately to poorly sorted, and coarse to medium-
grained. The lobe-shaped sandstone bodies (FA 2b) also occur at the base of unit
(a), presenting 0.5 to 2 m thickness, and extend laterally for more than 30 m. The

sand body tops are concave or flat, whereas the base is undulated or eroded,
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sometimes formed by laminated siltstones (fl). Mud clasts up to 3 cm diameter can

be found at the base (Fig. 5D).

The fluvial braided deposits (FA 3) are poorly exposed and are characterized
by an erosive concave-up base. Each unit exhibits a sharp to the concave-up base
and concave-down top, resulting in an overall wing-shaped geometry. They comprise
white-colored, well-sorted, fine to medium-grained sandstones. Internally, it can be
subdivided into different sets or bedforms (0.1 to 1.5 m thickness), showing Sp, Sh,
Sl, and Sr (Fig. 5E). The prograde direction is N30° and can be measured in the

outcrops. Ripple lamination (Sr) is scarcely observed.

As it was previously described, to the top of the sequence, the ephemeral
fluvial deposits (FA 2) are gradually replaced by fine-rich overbank or alluvial plains
deposits (FA 4; Fig. 5G). These facies consist of 0.1 m up to 10 m thickness
composed of fine-grained red to grey laminated and massive mudstone deposits that
can be followed laterally for 70 meters in strike directions (Fig. 5F). However, lateral
facies distribution can be modified by the effects of pyroclastic cut and fill

relationships.

4.3. The stratigraphy of the Southern Zone of CCHC

The occurrence of unit (b) is marked by a change in the stacking pattern,
lithology, environment, and architectural style. The conglomerates and sandstones
units that characterize the basal sequence of unit (a) are replaced by dominantly
pyroclastic deposits interbedded with minor fluvial sedimentation. Unit (b) thickness
varies between 90 m and 170 m; the pyroclastic density current deposits

characterized the lower section (FA 7a) interbedded with conglomerate and
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sandstone beds (FA 1 and FA 2b). Upward the top of the unit (b), the deposit

changes to entirely pyroclastic composition.

The pyroclastic facies are typically white to grey colored and composed of
stratified lapilli-tuff (FA 6) and dominant pumice-rich massive lapilli-tuff (FA 7a; Fig.
6A). The FA 6 are scarcely represented, moderately sorted, and show bed-load
structures (low angle cross-stratification). Facies thickness varies between 0.5 t0 2 m
and has been traced laterally for more than 250 m. However, the vertical separation
of massive lapilli-tuff units is highly complex. The modal composition, in thin section,

reveals that these facies vary from dacitic to rhyolitic.

The massive lapilli-tuffs are poorly to unwelded deposits with a juvenile
fragment concentration that varies between 35-60% in volume. The accidental
fragments are found in low concentrations (0-20%) and are less abundant in the
latest pyroclastic pulses. The lithic fragments size gives the most remarkable
features of the deposits. It consists of sandstones and conglomerate blocks that
range from 1 to 70 cm in diameter (Fig. 6B). The sedimentary blocks are sub-
angular, radial-fractured with cross-hatched designs indicating the influence of
volatile expansion by thermal effects. Also, bread-crust texture, pillow textures, and
microperlitic fractures are usual and occasionally related to its muddy appearance in
the massive lapilli-tuff facies (Fig. 6C). The FA 7a contacts are usually vertical and

sharp (Fig. 6D).

Several sedimentary levels of FA 1 and FA 2 were recognized within the unit
(b) lower sequence (Fig. 6E). The sandstones and conglomerates clasts are
subangular and almost exclusively of wall-rock granitic composition. These high

energy deposits cut the underlain facies in erosional and basal sharp contacts. Syn-
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eruptive layers thickness varies between 0.25 to 1 m, indicating that the sedimentary
strata became progressively thinner compared with the previous unit (Fig. 6F). The
upper section of unit (b) is formed by juvenile-rich massive pyroclastic deposits (FA
7a; 45-60%), without evidence of quench-cooling textures. The thickness increases
significantly to the upper section of unit (b), as well as the juvenile fragment
concentration. These deposits are markedly homogeneous, lobe-shaped, scarcely

welded, and developed thickness up to 150m.

Unit (c) is composed of andesitic feeders, lava flows, and block and ash
deposits. The effusive facies is separated based on their morphology and flow-
banding orientation (Fig. 7A). The feeder outcrops form sub-rounded and tabular
dike-shaped bodies with vertical flow bands (Fig. 7B). In contrast, the horizontal flow
banded andesite (fbA) facies is the main feature of the andesitic lava flows. Lavas
extend for several tens of meters along-strike with a thickness that varies from 5 to
20 m. Flow banding textures are also recognized under the microscope (Fig. 7C).
The dikes intrude the early pyroclastic deposits, are fine-grained, brown to gray
colored, and range between 0.5 to 2 m (FA 6 - not included in the profiles). The block
and ash deposits consist of poorly sorted, monolithological, andesitic, massive tuff-
breccia (FA 7b) of 5 to 10 m thickness, capping in erosional contact the earliest

pyroclastic deposits.

The upper section of the Southern Zone is represented by the unit (d) that is
formed by 20 to 30 m of two highly welded juvenile rich massive lapilli-tuff facies (FA
7a). These deposits are orange-colored, moderately to poorly sorted, and are
separated by thin inter-eruptive fine sediments with desiccation cracks that reach up
to 0.5 m (FA 4a; Fig. 7D) and cover the block and ash deposits with erosional
contact. The first Ignimbrite unit presents an altered coarse surge deposit (FA 5) at
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the base (Fig.7E and 7F). Isolated lacustrine laminated limestone outcrops were

recognized and correlated with the inter-eruptive level.

4.4. Stratigraphy of the Northern Zone of CCHC

The stratigraphic record of the Northern Zone was developed after Southern
sequences had been formed. The unit (e) marks the beginning of the Northern
sequence and is composed of compound massive lapilli tuff facies (FA 7a; Fig. 8A).
The pyroclastic deposits overlay the pre-eruptive sedimentary beds (unit (a)) with
mostly covered contacts. Consist of highly-welded grey to white-colored, lithic poor
(5-15%), eutaxitic massive lapilli-tuff. Water influence in the pyroclastic record is also
registered, such as observed in concentric fractured-fragments, accretionary lapilli,

and microperlitic textures (Fig. 8B and 8C).

The pyroclastic record includes three units that vary between 60 to 140 m,
giving a combined thickness of 350 m. These deposits are separated by moderately
preserved inter-eruptive fine-grained facies that reflect the influence of post-
depositional reworked (FA 4), hiding the limits between these units. Discrete levels of
surge deposits also occur in this unit (Fig. 8D). It shows moderate sorted sets
organized in thin parallel beds varying between 1 to 20 cm thick (L//s and LTds) with
low angle (< 15 °) and cross-stratification (Lxs). Free crystals vary between 7 and
15% of the total rock, while lithic fragments accessory are recorded in moderate to
high concentrations (18-40%). Diluted pyroclastic density current deposits register
syn-volcanic ballistic impacts formed by 20 to 35 cm volcanic blocks (Fig. 8E). The
outcrops are 1 to 7 m thick, gray to pink color, and form tabular units with erosional

base. Subaerial deposition can generate cracked tuff matrix and oxidation.
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Unit (f) marks a substantial change in volcanic activity; the lower section
develops a significant effusive stage formed by extended andesitic lava flows, while
the upper section consists of block and ash flow deposits. The lower section is
formed by two andesitic lava flows, 150 m thick, laterally spread out, and elliptical
funnel-shaped. The upper section, on the other hand, presents two extended
monolithological (andesitic) massive tuff-breccia (mTBr) interbedded with massive
lapilli-tuff (Fig. 9A). The mTBr reaches up to 15 m and has more than 2 kilometers of
lateral extension. The origin of mTBr deposits is considered to be related to lava

collapses and the generation of a block and ash deposit.

The unit (g) crops out at the top of the CCHC. It covers, in erosive contact, the
previously described pyroclastic deposits. It consists of a 5-20 m thick discrete
eruption of welded massive lapilli-tuff, interbedded with silicified and bituminous
limestones. Lacustrine facies (FA 9a and FA 9b) occur together, forming two
different levels that reach up to 30 m and show shallow and deep facies interbedded
with minor channelized sandstones beds (FA 9a, FA 9b, FA 4, and FA 3). The
lacustrine facies show a tabular morphology, strongly dipping (35°), that extends for
more than 1 km normal of dip-direction and an elliptical distribution (Fig. 9B). It has
grey to white color and forms 1.5 m thick beds of undulose laminated algae-related

micritic limestones of 0.1 to 10 mm thick.

Lacustrine facies were strongly affected by post-depositional phenomena.
Silica-rich fluids migration was recognized as fractures infill that generates nodular
and lenticular chert layers. The silica-rich layers can grow laterally, forming uniform
silcretes and massive nodules. The FA 9b consists of parallel thin laminated

limestones, without undulose stratification (Fig. 9C). The laminae are 0.1 to 5 mm
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thick, very good sorted, mainly of organic matter-rich micrites and fetid smell on fresh

cuts with unidentified plant remains (Fig. 9D),

The pyroclastic activity is also recorded at the top of unit (f) as matrix-
supported, either non-graded or stratified, poorly sorted polymictic breccia with
variable block concentration (30-45%; FA 9c). The lithofacies form an up-cone
shaped outcrop of 2-10 m thick and 0.75 km? area with a diffuse vertical
arrangement that gives it a distinctive positive morphology (Fig. 9E). It consists of
lithic angular to sub-angular breccia size blocks immersed in a coarse-grained tuff
matrix. Breccia blocks are 3 to 60 cm in diameter and are formed by andesitic lava,
mudstones, limestones, tuff, and juvenile fragments. An orange rhyolitic to white-
colored massive lapilli-tuff crowns the CCHC upper succession. It is 25 m thick and

shows a low concentration of lithic fragments.

5. Geochronology

In order to obtain an accurate age of the CCHC, zircons from a massive
eutaxitic lapilli-tuff of unit (e) were analyzed (sample FA 84 - 40°52' 24.12"S°, 70° 8'
29.95"W). The initial sample preparation was developed in the Laboratorio de
Petrotomia, Universidad Nacional del Sur (UNS). Heavy minerals were concentrated
by hand panning and dense liquids. The zircons were extracted by hand-picking and
mounted on a double-sided tape forming groups of 30 crystals. At the MultiLab of the
Universidad do Estado do Rio de Janeiro (UERJ) crystals were placed in molds with
epoxy resin and polished to expose the crystals grains. Once polished,
cathodoluminescence images were obtained in a scanning electron microscope. The

images were used to determine the crystal’s internal structures in order to define the
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areas to be analyzed. Once defined, 24 in situ analyses were performed using a
Teledyne Analyte G2 Excimer Laser Ablation System coupled to a Thermo Scientific
Neptune Plus MC-ICP-MS using the laboratory procedures (Geraldes et al. 2015 and
Costa et al. 2017). The uncertainties in isotopic ratios and age for individual analyses
are two sigma level, and the uncertainties in the calculated ages have a 95%

confidence level.

The zircons observed in sample FA 84 are typically medium-grained (160-250
pm) and show euhedral morphology with a magmatic zonation ( oscillatory and
sectorized) and preserved the interfacial edges and faces. Intergrowth's faces and
metamorphic zonation with discordant internal structures were not observed. Crystal
morphology varies between thin, elongated prisms to equant grains.

Cathodoluminescence images reveal a simple internal structure (Fig. 10A and 10B).

The individual age of zircons varies between 186 and 495 Ma. Older ages
represent the metamorphic basement that is also exposed western of the studied
area. Twelve analyses were plotted in the Concordia diagram (Fig. 10C), indicating
an age of 188.6 £+ 3.1 Ma with an MSWD of 0.84 and a probability of concordance of
0.85. This age indicates the crystallization timing of the zircon crystals, which is
coeval with the depositional age of the ignimbrite facies. The range of older ages
indicates erosion and picking of basement fragments during the volcanic events (Fig.

10D).

6. Discussion:

6.1. Felsic diatreme volcanism related to an asymmetrical continental

basin.
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The CCHC evolution begins in a continental sedimentary basin. The basin infill
progressed eastward with alluvial to fluvial sedimentation (unit (a)) and registered
thickening along the western margin, interpreted as differential mechanical
subsidence, like a graben basin. A regular alluvial plain development and
sedimentation (FA 4) along the stratigraphic sequence indicate periods where the
area was active as a topographic depression or lowland throughout some temporal

intervals during the different stages (Fig. 11A)

The CCHC evolution continued with the unit (b), which marks the beginning of
phreatomagmatic activity in the Southern Zone, registering multiple small-sized
eruptive phases. The related pyroclastic facies in the lower section of unit (b)
penetrated the pre-eruptive deposits forming a sharp vertical contact, a variety of
large, fractured sedimentary blocks, and quench cooling textures (Fig. 11B). These
features indicate that aquifer rock blocks were incorporated within the pyroclastic

deposits from the underlain units during the pyroclastic eruptions.

The lower section of unit (b) reflects inter-eruptive sedimentation by extra-
basinal debris flow deposits, alluvial fan, and ephemeral deposits. Also, several
exposures indicate re-sedimentation in water-rich environments. Low-temperature
wet pyroclastic currents occur as unwelded deposits with muddy appearance. The
increment of lithic fragments concentration can be interpreted either from shallow
vertical migrations of moderate energy explosions or from a downward-migrating
explosion locus that penetrated the underlying material, both processes associated

with the external water availability (Houghton and Smith, 1993).

The recurrent marginal slides of wall rock debris, as identified in the lower

section of unit (b). The deposits constitute a common phenomenon in bedded upper
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diatreme deposits where the volcanic eruptions influence the local subsidence, e.g.,
the Paleogene Missouri River Breaks diatremes in Montana (White, 1996; White and
Ross, 2011). These authors characterized the diatreme infill features and divided it
into lower and upper diatreme deposits according to the depositional processes

involved and bedding development.

The upper section of unit (b) incorporates a minimal amount of sedimentary
material, and the subsidence does not progress, possibly, by the effects of more
voluminous pyroclastic eruptions and an increase of magmatic input. The pyroclastic
deposits changed from water driven to a purely magmatic eruption with an increase
of the magmatic flux, evidenced by the increment of pumice fragments size and the
ignimbrite facies thickening. Additionally, the high juvenile fragment concentrations
(higher than 60%) can be related to the shallow fragmentation level (Tchamabe et al.

2016).

The diluted pyroclastic current (FA 6) and the fall-out deposits (FA 5) generally
dominate the Maar-diatreme volcanic records. Nevertheless, they are not easily
recognized in the Southern Zone evolution. The unit (b) records are characterized by
poorly to unwelded massive to weakly stratified pyroclastic deposits with bed
immersions between 25° to 5°. These deposits can be correlated with those
described for the intracrater upper diatreme deposit (Lorenz et al. 1970; Wholetz and
Sherindan, 1983; White and Ross, 2011) and considered as developed in a poorly
preserved and partially faulted medium-sized volcano. We also consider that this
Volcanic Complex constitutes a transitional structure between a large maar-diatreme
and a small caldera, where magmatic-type activity was important during the

evolution, especially of the final stages, e.g., Palladino et al. (2015).
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After the pyroclastic episode, a degassed volcanic system leads to an effusive
phase, developing several open vents (unit (c)) like feeder dikes, and andesitic
lavas. The effusive bodies became progressively more viscous, and unstable,
generating discrete andesitic block and ash flow deposits. The andesitic lava
fragments registered in the PDC units indicate that a portion of these conduits could

have been active during the later pyroclastic eruptions.

The volcanic system of the Southern Zone starts, again, the incorporation of
volatiles, probably due to the influence of external water. The beginning of New
eruptive volcanism (unit (d)), generated two violent juvenile-rich pyroclastic units
(Fig. 11C). The compact and highly welded nature of the deposits seems to be more
connected to high-temperature conditions, which usually dominates in magmatic
fragmentation. This sequence shows a change in bedding dip angle that varies from
20° in the underlying deposits to subhorizontal in this facies. Equivalent changes in
dip attitude are a common feature of different Maar-diatreme volcanoes, related to

the stratified upper diatreme facies.

The volcanic activity ceased in the southern zone, and it is relocated about 3
km northwards, possibly due to coeval active transcurrent faulting (Fig. 11D).
Morphology and sequences are different in both zones, although they share several
similarities. A combination of volcanism and faulting excavated a new depressed
area, and a set of small-sized pyroclastic eruptions developed (unit (e)). The gradual
decrease in lithic concentration towards the top of the sequences is compatible with
eruptions that penetrate less into the underlying material, indicating a progressive

shallowing of the eruptive center.
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The volcanic eruptions culminated and gave rise to an extended andesitic lava
lake, represented by the unit (f) deposits (Fig. 11E). These deposits form a central
elliptical funnel shape structure of 150 m thick. The lava lake size indicates an
increase of magmatic flux and spots a volatile depletion in the volcanic system. In
the upper section of unit (f), block and ash flow deposits indicate that lavas or lava

dome grew and collapsed due to more viscous and volatile-rich magma involved.

The development of a lacustrine environment characterizes the latest
evolutionary stage of the CCHC. Shallow and deep lacustrine facies are registered
interbedded with minor channelized sandstones beds. Anoxia in volcanogenic lakes
is frequent and related to steeped crater walls that prevent water mixing or
circulation. Deep lacustrine facies commonly occur in Maar-diatreme volcanoes as,
e.g., Maar steeped structures of the Central European volcanic belt and the Arizona
volcanic field. Minor pyroclastic eruptions take place synchronously with the

lacustrine sedimentation.

6.2. Configuration of the North CPB domain: from silica-rich caldera

complexes to felsic diatreme volcanism.

The geochronological and stratigraphic data obtained in the present work allow
us to correlate the CCHC volcanic deposit with the Garamilla and Lonco Trapial
formations (~188 Ma). This correlation highlights the evolutionary differences in
terms of local and regional conditions that occur at different latitudes and settings.
Two areas were separated according to the volcanism type (Fig. 12A): 1) Caldera

complexes with regional dike swarms and Il) Felsic diatreme complexes.
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In particular, the dike swarms described in the North CPB domain develop
three fracture patterns that characterize a scarcely subsided rift floor (Benedini et al.
2014). These patterns are (1) En-echelon dikes located at the rift floor valley
margins, (2) Internal curved dikes disposed in the central valley and developed
roughly orthogonal with the regional extension (~N 15°) and (3) dikes formed parallel
to the rift margins (Benedini et al. 2014). Empirical models of highly obliquity
describe equivalent fractures patterns in modern rift systems like the rift of Ethiopia

(Clifton et al. 2000; Agostini et al. 2011; Autin et al. 2013; Brune, 2014).

The oblique rift extension, here, is considered to be promoted by an extensive
diking episode developed during a Pliensbachian Stage; when a widespread dike
swarm was injected, in conjunction with a large number of fissure flow eruptions.
Moreover, the identification of more than 2300 bodies of dikes and fractures filled
with magmas indicate that the crust was subject to a widespread regional extension
accommodating and storing high volumes of rising silica-rich magma at shallower
crustal levels. Dikes swarm emplacement can act as a first-order tectonic factor,
starting the along-axis continental rift segmentation, e.g., northern Afar rift, in eastern
Africa (Wright et al. 2006). In this sense, we consider that the mechanism of rifting
that acted in the north area could be considered as equivalent to the reported by

Wright et al. (2006).

However, the magma intrusion via diking does not progress in the same way
southern to the E-W Fitarruin Canyon, indicating that the factors that control the
regional extension along the CPB are discontinuous or different. The first variation in
the extensive dike pattern and the associated volcanism occur southward the trace
of the Fita Ruin Canyon (Fig. 12B). The Canyon located at 40°39' parallel in the Rio
Negro Province forms an E-W elongated valley which extension could be traced in
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continuity with the Loma Blanca dextral fault recognized in La Esperanza area
(Corbela, 1975; Giacosa et al. 2007). Fault continuity progresses westward along
more than 150 km. It has been a remarkable regional dextral strike-slip fault. It
extends, following an E-W strike and occurred as a large fault set or fault zone, that

we consider naming as Loma Blanca Fracture zone (LBFZ) in the present work.

The faults kinematics was regionally described 40 km NW of Los Menucos
town (Giacosa et al. 2007), which affected the metasediments of the Lower
Paleozoic Colo Niyeu Formation, the Permian granites of La Esperanza and Dos
Lomas complexes (Llambias and Rapela, 1984; Martinez Dopico et al. 2017) and
the Lower Triassic Los Menucos Complex (Labudia and Bjerg, 2001; Lema et al.
2008 and Luppo et al. 2018). The absence of structural relationships between the
LBZ and cretaceous units indicates than the strike-slip faults were active between
the Upper Triassic and Lower Cretassic times. The absence of structural
relationships between the LBFZ and the Cretaceous units indicate that the strike-slip
faults were active between the Upper Triassic and Upper Jurassic periods, and in
this sense, active during the Lower Jurassic Period. Although strike-slip structures
can also be recognized southern to El Piche Graben, these can be partially

differentiated based on the strike attitudes (Fig. 12C).

Southward to the Fita Ruin Canyon, volcanism (CCHC) shows several
differences, including lower erupted volumes, a progressive increase of effusive
facies, composition, and volcanism type variation. The absence of the regional dikes
development also indicates that a shallow magma reservoir does not continue until
those latitudes and the massive magma injection, not promoted the south CPB
extension in the same way. These changes suggest that the extensional Lower
Jurassic phase, in the CPB, can be latitudinally segmented into different areas.
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The regional strike-slip faults that divide the rift into different segments occur as
E-W striking structures. These falt systems are interpreted, in the present work, as
roughly synchronous with the rift extension and early evolution. Multiple rifting
episodes usually occur in the rift basin, where the segmentation can be promoted
during one or more rifting stages. Particularly in the CPB, the relationships between
the rift margins and the strike-slip structures are not earliest recognized and neither

described although detailed structural analisis was not developed heretofore.

We identify that the main changes in regional volcanism and the related
stratigraphy are associated with these regional E-W faults distribution. Also, more
than one fault zone can be proposed along the CPB extensién. Locally, the lower
erupted volumes southward to the Fita Ruin canyon can be associated with the
highest degree of dextral shear stress or changes in the angle of extension as occur
in other volcanic rift areas, e.g., Taupo volcanic zone (Spinks et al. 2005). The
caldera complexes, on the other hand, are develop were the regional extension is
roughly orthogonal to the fractures pattern. The segment extension is not entirely
clear; regardless, we consider that they have between 40 to 250 km, likewise occurs

in different rifted areas around the world.

7. Conclusions

1- The early Jurassic volcanism of Central Patagonia forms an extensive
area where the volcanic deposits occur as significant isolated volcanic systems. The
composition, depositional, and genetic features show several differences along the
strike of the oblique rift distribution. The Cafiadén Chileno complex (CCHC), located

in the Rio Negro province, Argentina, provides the opportunity to evaluate and
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improve the understanding of the Lower Jurassic setting of Central Patagonia since it
occurs in the region where these characteristics change.

2- Based on the field and laboratory data developed in the present work, 22
lithofacies were recognized and grouped into eight facies associations. The
continental sedimentary environments include alluvial fan deposits (FA 1),
ephemeral deposits (FA 2), braided fluvial deposits (FA 3), alluvial plains, or over
banks (FA 4), and lacustrine deposits (FA 9). On the other hand, the pyroclastic
facies were separated according to the pyroclastic currents involved during the
deposition; into fall-out, dilute, and density currents (FA 5, FA 6, and FA 7). Effusive
andesitic feeders and lava-flows (FA 8) were also recognized.

3- The stratigraphic data obtained in the present work reveal that CCHC
consists of two felsic diatreme volcanoes - described here as Southern and Northern
Zone-, developed over a local subsided area, represented by an asymmetrical basin.

4-  Seven units were recognized in the CCHC record (Units a, b, ¢, d, e, f,
and g: unit (a) represents an initial stage of continental sedimentation recorded
throughout the entire Complex. Unit (b) represents the upper felsic diatreme facies,
in Southern Zone of the Complex, where debris flow are interbedded with massive
lapilli-tuff deposits. Unit (c) consists of local andesitic lavas flows and feeder dikes,
and the unit (d) consists of welded lapilli tuff deposits interpreted as the growth of the
volcanic system. The Northern Zone evolves similarly with the felsic intra-diatreme
deposits of unit (e).The unit (f) consisting of an effusive stage represented by
extended andesitic lava flows. Finally, a deep lacustrine environment is installed (unit
g) that includes shallow and deep facies, with intercalations of local pyroclastic

deposits.
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5- New geochronological data (U-Pb zircon age of 188 + 3 Ma) was
determined to confirm and reinforce the correlation criteria between the different
areas involved, indicating that the volcanism described here is synchronous with the
Northern silica-rich calderas of the Garamilla Formation as well as the large andesitic
volcanoes of the Lonco Trapial Formation located southward to the CCHC.

6- These changes occur along with the north-south extended areas limited
by transfer fault systems developed in continuity strike-slip structures of the La
Esperanza area (LBFZ). These changes are relatively constant and regular

throughout the entire oblique rift strike, separating differentially structured areas.
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Volcanic episode

V1

V2

V1

VO, V1 and V2

Influenced area

Central Patagonia,
Rio Negro and
Chubut provinces

Patagonian Andes

Eastern Patagonia
(Atlantic influence)

Geologic Setting

Oblique back arc?
(V1)

Pull apart (V2)

volcanism and

sedimentation
(Oblique back arc

Intra arc (V1)
Retroarc and

plume related
volcanism

Geologic Unit

Garamilla Formation/ Las
Leoneras andTaquetrén

formations

Lonco Tapial/Cafiadén

Asfalto formations

SPB /SCB

Marifil Complex

Ages

188-185 Ma

177-171 Ma

187-181 Ma

192-177

Geochemistry Authors
Franzese et al. 2002, Benediniy
Gregori, 2013, Benedini et al.
2014

calc-alkaline silica rich volcanism

calc-alkaline intermediate to acidic composition and Cuneo et al. 2013; Bouhier et al .
continental sedimentation 2017, Hauser et al. 2017

Gordon and Ort, 1994, Rapela et
al. 2005,

Cortes, 1984; Alric et al . 1999;
Rapela et al . 2000; Strazzere et
al.2017; Pavén Pivetta et al.
2019

calc-alkaline gabros to granodiarites

alkaline to calc-alkaline silica rich volcanism



Gravel facies

Sandy facies

Mud/silty facies

Pyroclastic facies

Efusive facies

Limestone facies

10,11

12,13

14,15

16

17

18,19

20

21

22

Lithofacies Code

Gmm

Gmg

Sm

Sh

Sl
Fm

FI

//sL, pmL

epmLT, mLT

xsL, xsLT

dmTB

mTB

pfbA, pmA

orlM
pmnM

slcM

Lithofacies

Matrix-supported massive gravels

Clas-supported massive gravels

Matrix-supported gradded gravels

Medium to very coarse sandstone, sometimes pebbly

Horizontally bedded sand

Low-angle crossbedded sand
Massive mudstones and siltstones

Laminated mudstones and siltstones
Parallel stratified Lapilli and parallel bedded masive Lapillis

Juvenile rich eutaxitic masive Lapilli tuff

Cross stratified lapilli and lapilli tuff

Disorganized, masive tuff Breccia

masive tuff Breccia

Porphirithyc flow banded andesite, porphyrithic masive andesite

Organic rich parallel laminated mudstone (limestone)
Masive with nodular chert mudstone (limestone)

Stromatolithic laminated mudstone (limestone)

Description
Poorly to non sorted angular blocks floating in a
sandy matrix.
Massive beds and no clast imbrication.
Sharp contacts.
Poorly to moderate sorted, sharp base contact
Poorly sorted clasts floating in a sand matrix,

Interpretacion

High-stream debris flow in a pre-existing
alluvial flow (e.g. channel).

Low energy pseudoplastic debrys flow
i R High-stream debris flow in a pre-existing
showing some normal to inverse gravel clast
grading. Sharp contacts
Massive sandstones, no structures. Moderate to well

alluvial flow (e.g. channel).

sorted. Sediment-gravity flow deposits
Horizontally laminated, moderate to well
sorted sandstones. Parting lineation can
occur on the bedding planes.
Low angle cross-bedding dipping b15°. Well to

moderate sorted.

Plane-bed Flow (critical flow)
Scour fill sandstone

Massive mudstone non strutured, with desiccation Deposits from standing pools of water

cracks during low stage flood

. I Waning inter-lobe floods suspention

Fine, laminations. i
deposits

Fine to medium grained well sorted Lapilli Pyroclastic ash fall deposits

Masive juvenile rich Lapilli tuff deposits, with quench-

cooling textures.
Moderate to well sorted low angle stratified lappilli
and Lapilli tuff

Disorganized and poorly sorted with subvertical

Freato-Plinian deposits

Dilute pyroclastic density current

En masse deposition of volcanic debris
diffuse preferred clast fabrics; contains abundant
andesitic and mLT blocks and in a andesitic ash
matrix.

upon syn-eruptive crater floor from dense

collapsing columns (Stiefenhofer and
Farrow, 2004; Porritt et al. 2008)

Disorganized and poorly sorted with sub horizontal

coarse bedded; contains subangular andesitic block .

X R . R R X lava flow or lava dome collapse deposits

inmersed in a fine grained ash matrix, quench colling

textured blocks.
vertical and horizantal fuidal andesite, feeder or lava

) lava flow or andesitic feeder
coherent facies

bituminous organic rich laminated mudstone N
Deep lacustrine limestone
carbonate

masive mudstone with intense chert nodulus grow  Algal limestones with phreatic silicification

curved, episodic laminated stromatolithic fine algal limestone mobil build up with

limestone with vertical cracks sporadical exposion

Thick (m)

0.5-5

0.1-1

0.1-1

0.2-0.5
0.1-0.4

0.5-20

0.5-1.5

0.5-20

0.5-5

Masive. Flow
bands 2-20
cm.

0.5-15
0.5-4

0.2-0.5



COHC Statigraphy. Sub units
Southern Zone sequence
Nembera
Lower secton
Nermber b
Upper section
Nember ¢
Member d

erprtaton cate sraigraphy Descripton erprtaton
Northern Zone scquence
‘Consiss of 40 10 130m hick, vl fans ) A ) A
‘Compound massive lapi tuff (gnimbre) uns (FA 7a) nerbecded withfines rch sedimentar
Geposis (FA 4). Consist of three ighl-v elded grey 10w ie-colored, R poor (5-15%),eutaxiic
accretionary lapl and
mcroperii textures). Thick vary between 60 10 140 m Gving & combined hckness of 350 m.
Statfied pyrociastic compoused, Upper datreme posis ogeraiely (A0
deposts, highly subsided Member & deposis s Uppar
parale beds 110 20 cmick (s and LTds) and low angl (< 15 ) cross-statficaton (Lxs). The
159%, i fragnents
140 miick sequence of panar to Sighty-undultory, ow temperature mLT facies 1o igh concentatons (18-403). The morphology is modiied by post deposiional processes such
(FA 70), with aqier blocks, quench extures and prtl rew ok, terbedded g Sedmentary influence.
(FA Land FA 3) i and oxidaton.
member
Is formed by juverie-rich massiv pyroclastc deposis (FA 7a) (45-60 ), without fower secton's formed by two andesiic lva flow's, 150 mfick,lateraly extended, and
evidence of The tickness o elipical funnel-shaped. The upper secion, on he aher hand, presents two extended
upper secton of member (0), 2 welas Deposis Satied prociast conpoused, Upper GATEMe  yeper (e The Lava-lake, lava grow and colapse (Bock and ash low deposis)
are markedly homogencous, obe-shaped, scarcely v eled, and develop up o 150m mTB reaches up to 15 mand has more than 2 Kometrs o aeral extension. Th orignof MBI
ticknesses posis
ember ()5 con st feeders,tva flows, and bk and as tmesiones. La (FA 50 and FA 90)
T eter ) conposeof adesi fesders, v o, ok s fiotion S
pos fors oterone. Pulr e 4, and FA 3). Show a tabuar morphology, Strongly Gipping (357, that extends o mor than 1 km
o o e Pt Foer e, s B 0O 00 normalof tateraly, forming

colored,
poorly sorted, monolthological, andesitc, massive tff-breccia (FA 7b) of 510 10m,

(FATa)
orange-colored, moderately 1o poorly Sorted, and are separated by thi inter-erupive
fine sediments. 42). The

amoderaty atthe base (FA
5) formed by 10 mihick paralel 0 low angle cros stratfied apilis and lapituf.

Organic
With unidentiied plants remains. The 10p of the member (1) as a matrx-supported, ether non-
o poor

Poymictic

210m

Minor eruptions related to a deep lacustrine enviroments



Spot number

FA 84 C 004
FA 84 C 005
FA 84 C 006
FA 84 C 008
FA 84 C 009
FA 84 C 003
FA 84 A 006
FA 84 A 007
FA 84 A 008
FA 84 B 001
FA 84 B 002
FA 84 B 005

f206a

0.00774183
0.17522352
0.01202177
0.00877862
0.02395912
0.20446407

0.1209248
0.19334723
0.10252721
0.06173639
0.01467918
0.08603923

Pb
ppm

32.7068748
5.05244523
13.6099392
16.4695258
13.2221438
8.84542742
1.17428598
0.98269849
4.30369274

5.1621121
6.81804413

5.5176633

Th
ppm

333.659506
34.950274
288.203192
250.7899
283.654634
99.1359554
20.0683766
13.0112318
101.173394
84.5608524
129.702121
91.7219214

ppm

1029.8108
73.0109511

408.33104
517.577921
373.029249
176.801392
41.6395691
23.2483488
119.895593

137.01105
195.922751
120.960843

Th/Ub

0.32400078
0.47869906

0.7058077
0.48454521
0.76040856
0.56071931
0.48195447
0.55966262
0.84384581
0.61718272
0.66200643
0.75827779

207Pb/
235U

0.2076339
0.44377973
0.19261256
0.22927772
0.29843511
0.32434722
0.44185168
0.47355428
0.61462683
0.22837345
0.22666593
0.47976923

1s
[%]

12.7303773
11.5448947
15.4536761

12.248806
11.1662821
12.7086543
7.18516399
7.18865909
6.53044972
6.71091595
5.66776995
3.11029477

206Pb/
238U

0.02832946
0.03090892
0.02751192
0.02937888
0.03216469
0.02818391
0.03022723
0.02894133
0.02866049
0.02944973
0.02987205
0.02971163

1s
[%]

12.5410057
11.4932316
13.0349014
12.0918641
11.0444093

12.604565
5.25361075
5.59030243
5.67448634
2.40233329
2.26645636
2.44419093

Rhod

0.98512443
0.99552502
0.84348224
0.98718717
0.98908564
0.99180957
0.73117479
0.7776558
0.86892735
0.35797398
0.39988503
0.785839

207Pb/
206Pbe

0.05315679
0.10413155
0.05077646
0.05660117
0.06729291
0.08346562
0.10601735
0.11867249
0.15553444

0.0562423
0.05503259
0.11711286

1s
[%]

2.1876205
1.09097314
8.30105117
1.95449998

1.6452596
1.62321758
4.90164825
4.51944004
3.23217858
6.26619403
5.19488131
1.92350311

206Pb/
238U
180.084435
196.234406
174.957414
186.659709
204.082108
179.171986
191.97026
183.919004
182.159315
187.103403
189.747441
188.743249

1s

abs
22.5843992
22.5536747
22.8055265
22.5706383
22.5396634
22.5838494
10.0853702
10.2816285
10.3366054
4.49484734
4.30054295
4.61324538

207Pb/
235U
191.565205
372.914135
178.855994
209.602249
265.177212
285.241079
371.557269
393.641024
486.473943
208.855048
207.442617
397.914556

1s

abs
24.3869734
43.0525443
27.6398261
25.6737727
29.6104355
36.2503026
26.6969991
28.2975113
31.7689363
14.0160867
11.7573703
12.3763156

207Pb/
206Pb
335.495184
1699.02783
230.694896
476.027727
846.852254
1280.12651
1732.02554
1936.33236
2407.6831
461.946169
413.547281
1912.62267

1s
abs

7.33936142
18.5359374
19.1501014
9.30396182

13.932918
20.7792385
84.8977994
87.5113801
77.8206174
28.9464433
21.4832904
36.7893565

%
Concf

53.6772041
11.5498053
75.8393086
39.2119404
24.0989036
13.9964281
11.0835699
9.49831791
7.56575128
40.5032914
45.8828892
9.86829508



Lower
Member

Mieddle
member

Upper
Member

FA1

FA 2

FA3

FA4

FAS

FA6

FA7a

FA7b

FA7c

FA 8

FA 9a

FA 9b

Facies asociation

Alluvial fan FA .

Fluvial ephemeral FA

Fluvial braided FA ?

Aluvial plains or Overbank

Direct fall-out dominated
pyroclastic FA

Traction-dominated
pyroclastic FA

Granular flow-dominated
piroclastic deposits FA

Andesitic lava and vent FA

Lacustrine FA

Facies

Gmm, Gem, Gmg and Sm

Gmm, Sm

Sm, Sh, Sr and SI

Fland Fm

//sL, pmL,

xsL, xsLT,

mLT, epmLT

mTB

dmTB

pmA and fbA

pmnM, slcM, sh and Gem

orlM,

Geometry

Tabular to lobe shape bodies with sharp to erosive bases. 1-5m

thick, dominated by pre-eruptive clast population.

Concave-up erosive base to tabular, horizontal masive coarse sand

bodies and channeled, cut and fill structured
Concave-up erosive bases and horizontal to concave-down
tops. Bar dimensions vary from 2 to 5 m thick.

Sheet-like bodies, 0.2-2m thick, complex relations with FA 4

Sheet-like beds, 0.2-1.6 m thick, well sorted masive to parallel
bedded that mantled the topography

Erosive base 0.5m to 2m tabular shaped

Lobe shaped, erosive base, 5 to 200m thick,

Lobe shaped, erosive base, 5 to 30 m thick

cone shaped 3 to 20m thick, vertical arranged to massive

Tabular upper flow banded or horizontal lobe shape bodies

Tabular, 5 to 40 m thick eliptical inwar tilted

Tabular 0.5to 1 m

Interpretation

Sediment gravity Flow
deposited as alluvial fans
and ephemeral flows

Sandy Sediment gravity
Flow deposited as
ephemeral fluvial mostly
non confined

Downstream braided
bars?

Overbank or interlobe
deposition

Pyroclastic fall-out
deposits

Surge or dilute
pyroclastic density
current deposits

Pyroclastic density

current main body
deposits

Block and ash flows
related to Dome collapse

Phreatmagmatic debris
Jet breccia

volcanic feeder and lava
lake

Post eruptive shallow
lacustrine facies

Deep lacustrine
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Profile VI Interpretation Waypt. Profile IV Interpretation Waypt. Profile V Interpretation
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"| stratified and massive and ignimbrite ) )
pyroclastic deposits deposits Maln(liyep)érsc?tcslastlc
with minor sedimentary |~ P
_....-deposits Tuff-rich massive b
FA7a pyroclastic FA41 e
_ deposits Az 2 Alternating pyroclastic
T L _ deposits
with sandstones
FASO -] ogeEn €-ra3s blocks and
““Tuff-rich massive to quench-cooling textures
BAS-EATa weakly bedded — with massive breccia and
FA 2b pyroclastic sandstones
FAS its i
e i FA2b Ve de&%ﬂ';;:b?;?:ﬁged : Z ] Alternation of massive
EAS fuvisl facies | 2] matrix-supported breccia,
Northern Zone FA4 o exhibit angular
A2 ceenst : N extraformational clasts,
FA3s | FA7a" = interpreted as
b i alluvial fan deposits
CCHC Stratigraphy
---- Correlation lines [ unit (d): massive lapilli tuff facies interbedded inter-eruptive deposits

FA 1: Facies code used in this work . Unit (c): Block and ash flow deposits of andesitic composition
e [ unit (b) Upper section: Massive lapili tuff deposits
Finning upwards
Lower section: Massive lapilli tuff deposits interbedded with sedimentary deposits

/" Paleoflow direction D Unit (a): Fluvial and alluvial deposits
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The Cafiadén Chileno Complex (CCHC) is formed by sedimentary and
volcanic units.

Includes conglomerates, sandstones, pyroclastic flows, effusive lavas, and
lacustrine limestones, assigned to a felsic diatreme volcanism.

The age is 188.0 + 3 Ma, and is coeval with other units of Patagonia.
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