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Abstract — We present an initial report of a well-preserved and relatively diverse Gondwanan plant
assemblage from Bahia Laura Group, Chon Aike Formation strata of the Estancia Flecha Negra area,
central-western region of the Deseado Massif, Santa Cruz province, Patagonia, Argentina. The locality
contains the first richly fossiliferous chert with a diverse and well-preserved plant assemblage reported
from the Mesozoic which is demonstrably associated with hot spring activity. A compression flora and
petrified forest contained in associated clastic and volcaniclastic environments provide an indication
of regional plant diversity during this as yet poorly represented stratigraphic interval.
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1. Introduction

The volcanic and volcaniclastic Bahia Laura Group of
Santa Cruz province, Patagonia, Argentina, contains
a diverse, often well-preserved and important Middle
to Late Jurassic, Gondwanan flora (Table 1). To date,
floras have been recorded from the tuff-dominated La
Matilde Formation and occur in the northeastern region
of the province, at Cerro Cuadrado-Cerro Madre e Hija
and in the southeastern region, particularly in the Gran
Bajo de San Julian area (e.g. Panza & Haller, 2002).
Only one flora, comprising bennettitaleans, discovered
at Estancia Bajo Pellegrini (de Barrio ef al. 1982), has
been described from the central-western region and
is attributed to the ignimbrite-dominated Chon Aike
Formation.

Plant fossils are also reported from a number of hot
spring-related travertine and sinter deposits contained
within the Bahia Laura Group and situated in the
Deseado Massif in the central-western region of the
province (e.g. Marchionni et al. 1999; Guido, de Barrio
& Schalamuk, 2002; Guido et al. 2002). However,
we have visited deposits at La Marcelina (Marchionni
et al. 1999), El Macanudo (Schalamuk ef al. 1999),
La Marciana (Guido, de Barrio & Schalamuk, 2002)
and La Esperanza (Andrada de Palomera, Moreira &
Fernandez, 2005) and studied hand specimens from
the Marianas—Eureka—Cerro Negro area (Guido et al.
2002; Lopez et al. 2003), Cerro Contreras (Moreira
et al. 2005) and La Josefina (Moreira et al. 2002) de-
posits. We find that at these localities, plant occurrences
are rare and preservation too poor to allow taxonomic
description.
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2. Regional geological setting

The Deseado Massif, Santa Cruz province, Argentina,
is part of a major Jurassic bimodal volcanic province,
related to widespread extensional tectonism, which
extends across Patagonia and Antarctica (Pankhurst
et al. 1998; Riley & Leat, 1999; Riley et al. 2001).
The volcanic stratigraphy of the region is complex
and has traditionally been subdivided on the basis of
an evolving basaltic—rhyolitic rock geochemistry and
dominant eruptive style into three formations:

Bajo Pobre Formation (Lesta & Ferello, 1972).
Andesitic and subordinate basaltic volcanic rocks
forming lava domes, lava flows, debris flows, agglo-
merates with minor tuffs and occasional sediments.

Chon Aike Formation (Stipanicic & Reig, 1957;
Archangelsky, 1967). Rhyolitic volcanic rocks,
commonly ignimbrites and lavas and less frequently
agglomerates and tuffs.

La Matilde Formation (Stipanicic & Reig, 1957;
Archangelsky, 1967). Acid tuffs and bedded ash-fall
deposits with less frequent ignimbrites, commonly
displaying a conspicuous pink to red alteration
colouration.

The latter two formations comprise the Bahia Laura
Group. Local intercalation of and geochemical similar-
ities between the andesites of the Bajo Pobre Formation
and the Chon Aike ignimbrites led Echeveste et al.
(2001) to revise the stratigraphy of the central-
western region of the Deseado Massif to also include
the Bajo Pobre Formation within the Bahia Laura
Group. They interpreted the Bajo Pobre outcrops
of the zone to represent an active effusive centre
that formed a topographic high during emplacement
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Table 1. Locations, stratigraphic positions and diversity of floras previously described from the Middle to Upper Jurassic of Santa Cruz

Province, Patagonia, Argentina

LA MATILDE FORMATION

Cerro Madre e Hija, Cerro Cuadrado, Estancia Bella Vista, Cerro Tortuga

Wood p Araucarioxylon spp. 1-3, Agathoxylon matildense 4

Female cones p Araucaria mirabilis, Pararaucaria patagonica 57

Male cones p Masculostrobus altoensis 8

Leafy branches and shoots p Araucarites sanctaecrucis 9

Coniferous seedlings p 5-7

Bracket fungus p Phellinites degiustoi 10

Dematiaceae fungus p Paleopericonia frietzschei 11
Gran Bajo de San Julian

Wood p Araucariaceae, Podocarpaceae, Cupressaceae, Taxodiaceae, Protopinaceae, Taxaceae 3
Filicean stems p Millerocaulis patagonica, Osmundites santaecrucis 12, 13, O. tehuelchense 14, O. patagonica 15
Filicean foliage ¢ Cladophlebis patagonica 15, C. cf. antarctica, Gleichenites juliensis 13, 16, Hausmannia deferrariisii 8

Sphenophyte ¢ Equisetites sp. 8

Bennettitaleans ¢ Otozamites sanctaecrucis, O. cf. barthianus, O. cf. bunburyanus var. major, Zamites cf. antarcticus 13, 16

Coniferous foliage ¢ Pagiophyllum sp. Brachyphyllum sp. 13, 16

Pteridosperms ¢ Sphenopteris cf. delicatula, Scleropteris cf. vincei 13, 16

Estancia La Matilde

Filicean foliage ¢ H. deferrariisii, Cladophlebis sp. 17
Bajo del Tordillo

Sphenophyte ¢ Equisetites sp. 8

Filicean foliage ¢ H. deferrariisii, Cladophlebis sp. 8
CHON AIKE FORMATION
Estancia Bajo Pellegrini

Bennettitalean ¢ Dictyozamites sp. 18

Permineralized flora = p, Compression flora = ¢

References: (1-3) Gnaedinger, 2000, 2001, 2004; (4) Zamuner & Falaschi, 2005; (5-7) Stockey, 1975, 1977, 1978; (8) Panza & Haller, 2002;
(9) Calder, 1953; (10) Hibbett, Donoghue & Tomlinson, 1997; (11) Ibafiez & Zamuner, 1996; (12) Herbst et al. 1995; (13) Herbst & Salazar,
1998; (14) Herbst, 2003; (15) Archangelsky & de la Sota, 1962; (16) Archangelsky & Archangelsky, 2002; (17) Stipanicic & Reig, 1957,

(18) de Barrio et al. 1982.

of the Chon Aike ignimbrites. Geothermal activity
accompanied volcanism in the region, and recent
mineral exploration activity in the Deseado Massif has
revealed the presence of numerous epithermal systems
and terrestrial hot spring sinter and travertine deposits
(e.g. Schalamuk et al. 1997; Echavarria, Schalamuk &
Etcheverry, 2005).

3. Locality and local geology

3.a. Locality details

Laguna Flecha Negra (69°48'7.52"W—47°55"13.88”S)
is situated approximately 100 km NNE of Gobernador
Gregores, Santa Cruz Province, Argentina (Fig. 1a) and
is accessed from a minor road that leads NW towards
Estancia Flecha Negra from the Dos Manantiales—
Bajo Caracoles Road approximately 10 km north of
the Estancia El Fénix.

3.b. Local geology

The Laguna Flecha Negra flora is contained in fluvial
sediments, chert beds and rhyolitic tuffs. The basal
fluvial sequence was deposited above a landscape
unconformity developed on the weathered and eroded
surface of a Bajo Pobre Formation andesitic dome
complex. The top of the sequence is covered to the
north and west by the youngest Chon Aike Formation
ignimbrite sheet in the area called the Ignimbrita Flecha
Negra (Echeveste et al. 2001). We therefore consider
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the strata to be an easterly extension of the Tobas
de Caida El Fénix unit of the Chon Aike Formation
mapped by Echeveste et al. (2001).

3.b.1. Bajo Pobre Facies, lava dome complex (Fig. 1, BPA)

The oldest rocks of the Laguna Flecha Negra area are
lavas that form part of a major andesitic dome complex.
Mapping of the area reveals the presence of a landscape
unconformity with high ground to the east and low
ground at the site of the present lake. To the east of the
laguna the lavas contain angular xenoliths of more basic
lava, while to the west they appear massive and lack
xenoliths. At the western margin of the lava outcrop,
widespread alteration ranging from degraded biotites
to broad areas of degraded lava fragments with blue-
green colouration is apparent. Intense weathering at the
margins of the outcrop produces a structurally unstable
and friable, but in situ white, orange-red weathering
residue.

3.b.2. Chon Aike Formation — Tobas de Caida El Feénix, fluvial
sequence

The clastic sequence is exposed in the shore and low
cliffs surrounding Laguna Flecha Negra (Fig. 1c).
Basal sediments of the unit which lie directly above
the Bajo Pobre Lavas (Fig. 1b) are massive to thickly
bedded, white to mottled orange weathering, coarse
sands. These comprise angular volcanic lithic clasts
and crystals and weathered feldspars which indicate

IP address: 142.103.160.110


http://journals.cambridge.org

Jurassic flora and hot spring chert 403

Fina tuffs with
Altered top of andesitic abundant lapilli
lava dome, with green chioritic [RNEEEEEEEEEENEGEGGN ~  [m——
alteration. Margins and top a—
heavily weathared and esitic lavas .
Chalcadony msag;'egalm with sparss lithic Ignimbrite,
= wain cross cuts clasts abundant lithic

clasts in sastem
oulcrops, massive
and lithics absent
in west

dame

Lagill-rich honzons
and compression
flora at various

Petrifiad forest
at contact batween

a wilh permineralised tuffs & ignimbrite
root harizons and
chert lenses Coarse tuff.

Chen Alke Fm.
Rhyolitic wffs
wilh lagilli

compression flora
& lapills hotrizons

Cross bedded fluvial
sifls and sands, top
intercalated with ash

Chon Aike Fm.

Clastic plant

Bajo Pobre Fm.

Andesitic dome

compiax

% Plant locality
ar hotizon

o Lapilli
horizon

& Root o trunk
harizon 4

in lake shore and cliff

200 m T

#. To Bajo Caracoles
- Dos Manantiales
Rd

Massive ignimbrite with poorly
developed eutaxitic texture

il
Stumps of some trees
coincede with contact
between twuifs and

=
Petrified forest developed on
intra Chon Adke Fm. landscape

(Chalcedony
gin with minor il weathered top of
carbonate andesite

Rhwolit horizons Coarse tuff

volithe | S

ignimbrite Highly weathered gnmpj;ﬁsr:m?\wngfs
dome surface below

Chon Aike Fm. arse arkosic sands| Ay Thin ash deposits

Rhyolitic tuffs Sands and silts

and clastics abundant well-

bearing sequence

Al |

Fluvial, crevasse splay silts and sands (a) pass
upwards inlo ntercalated fluvialfash fall sequence
and then into massive white tuffs (b}

preserved plants

Chon Aike Fm, fuffs

directly in contact with
‘/Baia Pobre lava dome

Lenticular cherts,
silicified root
honzons & poorly-
praserved
compression flora

White ignimbrite with lithic clasts
and aulaxitic texture defined by
elongate voids

weathered
Andesitic lavas,
chalcedony
veins &
alteration

S FMC

Coarse sands dermwed
from weathering of

andesile lack silicified
flora in SE outcrop

Chon Alka Fm. fulfs and ignimbrite

thin towards east. Ignimbrita contains
lithic clasts that are absent in
WEasLem exposuras

Debris flow deposit

Coarse sands denved from weathered Baon/within andesibe
top of andesitic dome. Contain silicified
Altered and intensely Mllroot horizons and lenticular cherl beds
in NW outcrop adiacent to regeon of
chalcadony waining

Eastemn outcrops, Chon
Aike Fm. Tuffs deposited
direcily on basement
andesites

Figure 1. (a) Location map and sketch geological map, (b) lithological log and (c) cross-section for the Laguna Flecha Negra locality.

a proximal sediment source and derivation from the
underlying highly weathered Bajo Pobre lavas. The
sandstone sequence, which is about 35 m thick, fines
upwards, becomes more thinly bedded and comprises
more quartz-rich, mature sediment. Individual beds
within the unit are conglomeratic and contain sandstone
intra-clasts up to 4 cm in diameter. Contained within
the coarse sandstone strata on the northwest shore of
the laguna is a sequence of petrified root horizons and
lenticular chert horizons (Fig. 2). On the southeastern
shore, similar sediments are devoid of silicified
horizons, indicating an apparent geographic restriction
of the influence of silicifying fluids.

Conformably overlying the sandstones are
approximately 5 m of beige-brown to olive green
weathering sands and silts. The base of the unit
begins with thinly bedded (1-3 mm) dark grey to
beige-green weathering silts which are parallel bedded
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and fissile. These contain a poorly preserved but
identifiable compression flora. In the overlying strata,
bed thickness increases to 10-35 mm. Each bed
represents an upward-fining sand to silt transition
with initial cross-bedding giving way to parallel
bedding. Bedding surfaces may contain relatively
coarse, heavily weathered, volcanic clasts, degraded
ash particles and mica flakes. Concentrations of
bedding-parallel elliptical voids mark horizons
containing a well-preserved compression flora (Fig. 3).
The top of the unit shows increasing evidence of
explosive volcanism in the region as sand-silt beds
become intercalated with initially thin (5—10 mm) but
thickening white weathering ash horizons. The contact
between the clastic sequence and overlying massive
tuffs is obscured throughout the mapped area by
base-of-slope scree deposits. Apparent dips, however,
suggest that the two units are relatively conformable.
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Figure 2. For legend see facing page.
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Figure 3. Typical elements of the compression flora contained in fluvial sediments cropping out on the west shore of Laguna Flecha
Negra. (a, b) Foliage and branches of Brachyphyllum sp. Scale bars: (a) 1 cm; (b) 2 cm (c, d) Leafy shoots of Pagiophyllum sp.
Scale bars: (c) 9 mm; (d) 8 mm. (e, f) Dispersed mature seed scales of Araucarites sp. Scale bars: (e) 1 cm; (f) 6 mm. (g) Pinnae of
cycadophyte with parallel venation. Scale bar: 1 cm. (h) Cone of conifer with poorly preserved helically arranged sporophylls. Scale
bar: 5 mm. (i, j) Elatocladus sp. foliage. Scale bars: (i) 5 mm; (j) 1 cm. (k) Sphenopteris sp. frond, apical fragment. Scale bar: 1 cm. (1)
Probable pinnate pteridosperm, reproductive structure. Scale bar: 1.3 cm. (m, n) Monopinnate fronds of bennettitaleans, Otozamites
sp. (m) basal region and (n) mid-frond. Both exhibit cuticular preservation. Scale bars: (m) 1 cm; (n) 1.5 cm.

Figure 2. Chert horizon and permineralized flora. (a) Lenticular chert bed (1) split horizontally at level of sandstone parting, above
permineralized root and stump horizon (2) within coarse, bedded sandstone sequence. Sandstone beds deflect around stump base.
Hammer shaft length is 35 cm. (b) Permineralized ramified roots within coarse sand. Scale bar: 1 cm. (c) Vertical section through
chert bed with abundant wood fragments, shoots and roots. Scale bar: 1 cm. (d) Horizontal section through chert horizon, angular
wood fragments with prominent growth-rings and small, vertically orientated plant axes (arrows). Scale bar: 1.5 cm. (e) Conifer
root with diarch protostele structure (arrows). Scale bar: 1 mm. (f) Transverse section through permineralized conifer stem with two
growth-rings and patchily-preserved parenchymatous cells in the pith. Spherical fungal spores occur within regions of degraded tissue
(arrows). Scale bar: 1 mm. (g) Transverse section through conifer stem with well-preserved pith and endarch protoxylem (px) and
phloem (p). Adjacent permineralized scale leaf has well-preserved palisade parenchyma. Scale bar: 1 mm. (h) Permineralized shoot
of araucarian-type with spirally arranged leaves exhibiting preservation of parenchymatous tissues. Scale bar: 1 mm. (i) Transverse
and oblique section through scale leaves of araucarian-type. Abaxial surface with thick cuticle (Ab), hypodermis (Hyp), palisade
parenchyma (P) and vascular bundles (VB). Adaxial surfaces (Ad) lack thick cuticle and palisade parenchyma. Scale bar: 1 mm. (j)
Transverse section through cycadophyte leaf with partially preserved vascular bundles. Scale bar: 1 mm. (k) Transverse section through
a conifer seed with embryonic tissue. Scale bar: 1 mm.
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Figure 4. Typical elements of the permineralized and com-
pression flora in the Chon Aike Formation — Tobas de Caida
El Fénix Tuffs (CAT). (a) Decorticated branch. Scale bar:
1 cm. (b) Brachyphyllum sp. branch with poorly preserved scale
leaves. Scale bar: 1 cm. (c) Sphenophyte stem with whorled leaf
scars. Scale bar: 1 cm. (d) Permineralized stump (about 1.5 m
diameter) in growth-position on inclined substrate. Largest of
the massive lateral roots (about 1 m diameter) points downhill
towards bottom right of image.

3.b.3. Chon Aike Formation — Tobas de Caida El Fénix, tuff
(Fig. 1, CAT)

The contact between the thick white tuff sequence and
underlying strata is marked to the east of Laguna Flecha
Negra by a landscape unconformity above Bajo Pobre
lavas and to the west by an apparently conformable
contact with the underlying clastic sequence. The tuffs
are poorly bedded, internally massive and white to
pink altered and/or weathered. The sequence comprises
alternations of coarse tuff units that fine upwards
and thinner lapilli-rich tuff horizons. The overall
character of the unit fines upwards. The tuff sequence
is fossiliferous, containing plant compression fossils
throughout (Fig. 4a—c). The top of the tuff has a
well-preserved and widespread (extending about 1 km)
petrified forest horizon developed on a sloping palaeo-
topography (Fig. 4d).

3.b.4. Chon Aike Formation — Tobas de Caida El Fénix,
Ignimbrite (Fig. 1, CAI)

A pink, beige weathering welded rhyolitic ignimbrite
forms a conspicuous cap on many hills of the area.
The base of the ignimbrite is marked by a change of
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slope which is normally masked by deposits of scree
derived from cliffs above which form the top of the
ignimbrite. However, in places the ignimbrite is seen to
sit on an uneven surface developed on the underlying
tuffs. In places the contact between tuff and ignimbrite
coincides with the in situ and in growth position stumps
of petrified trees. Texturally, the ignimbrite is generally
welded and massive, but a poorly defined eutaxitic
texture is defined by open pockets with sub-horizontal
long axes. In the east of the mapped area, volcanic lithic
clasts, commonly of darker rhyodacitic volcanic rocks,
are also incorporated in the ignimbrite.

3.b.5. Chon Aike Formation — Tobas de Caida El Fénix, lapilli
tuff (Fig. 1, CAL)

The youngest rocks of the area are bright-white,
bedded (10-60 mm) fine-grained tuffs. Beds appear
internally homogeneous but contain abundant spherical
to ellipsoidal accretionary lapilli with diameters of
about 5-10 mm.

3.b.6. Cross-cutting mineralization

On the west shore of Laguna Flecha Negra, cross-
cutting chalcedony veining with minor carbonate
occurs at a number of levels at the margin/top of
the altered and weathered Bajo Pobre lavas (Fig. 1a).
Poor exposure prevents confirmation of whether the
veining cross-cuts the basal clastic sediments, and
the relationship between cross-cutting chert veins and
conformable chert lenses and silicified root horizons.
However, Laser Mass Spectroscopy reveals that the
matrix chert of both vein material and chert beds
contains anomalous concentrations of As, Sb and Tl
(Table 2). Hg concentrations in vein and chert bed
samples, obtained by Analytical Scanning Electron
Microscopy were between 0.09 and 0.84 wt%. The
vein chert contains disseminated micron- to millimetre-
scale inclusions of iron oxides or hydroxides after
framboidal and euhedral pyrite; these variously have
associated trace element concentrations of Mn, Ti, W
and V. Trace concentrations of Na, Cl, K, Ca and Mg
are also associated with both vein and bedded cherts.

4. Flora and floral associations

4.a. Compression flora and silicified root horizons in coarse
sandstones

Massive coarse sandstones at the base of the clastic
sequence on the west shore of Laguna Flecha Negra
appear devoid of plant fossils. Overlying bedded coarse
sandstones contain poorly preserved compressions and
external moulds of gymnosperm roots or branches
plus rare silicified plant fragments which lack cellular
preservation and are not taxonomically identifiable.
Six root horizons occur within the coarse-sandstone
unit (Fig. 1b). Each horizon comprises a network of
large (5-20 cm) diameter dichotomizing roots that
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variously appear to be conformable with and cross-
cut the sediment matrix (Fig. 2a, b). The larger roots
are accompanied by smaller permineralized roots of
millimetre- to centimetre-scale in a partially silicified
sandstone matrix. Preservation of the root tissues is
extremely good; axes exhibit little or no distortion
of their original shape and growth rings are easily
discernable. One root horizon has an exposed major
root several metres long and 15-20 cm diameter,
while another contains a trunk base with a diameter
of about 50 cm (Fig. 2a). These obviously represent
relatively mature vegetation and hiatuses in volcanic
and sedimentary deposition processes long enough for
sere development.

4.b. Lenticular chert horizons within coarse sandstones

Two lenticular chert horizons occur within the same
strata as the silicified root horizons. The lower chert is
approximately 8 m in diameter and up to 30 cm thick.
At the thickest point the lens becomes a composite
of two chert layers separated by a sandstone parting
(Fig. 2a). The base of the chert is in contact with the
top of a large silicified trunk base and root system
in the bed below (Fig. 2a). The chert lens has an
uneven contact with underlying sediments. Internally,
initial sediments are finely laminated silts/mudstones
containing compressed plant remains. Above, a matrix
of sandstone which fines upwards supports angular to
rounded clasts of silicified wood, which are aligned
with their long axes parallel to the lens base or
with slight imbrication (Fig. 2c). The percentage of
matrix versus wood clasts and wood clast-size generally
decrease upwards through the middle of the bed, and
the wood becomes clast-supported. Interstitial matrix
becomes a clear to clotted chert with little sign of clastic
material but an abundance of disseminated and finely
comminuted organic particles, microbial filaments,
plant and microbial spores and bisaccate conifer pollen.
Towards the top of the bed, larger wood fragments
once again become abundant, but the ratio of matrix to
organic clasts remains low. The top surface of the chert
lens is crowded with millimetre- to centimetre-scale
wood fragments. Overall the chert has a black colour,
derived from the abundant silicified wood fragments
within the bed.

A spectrum of wood preservation quality is seen
within the chert. Poorly preserved material has
degraded to the point of fibre separation and was
permineralized after a phase of plastic deformation
and vertical compression and collapse. Good pre-
servation allows observation of well-defined 1-3 mm
thick growth-rings with poorly developed latewood
(Fig. 2d), homogeneous, low and mainly uniseriate
parenchymatous rays, bordered pits, and the absence
of resiniferous channels.

In addition to degraded and transported wood, young
in situ permineralized conifer roots and stems with
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diameters of up to 5 mm are distributed throughout
the lens. Some roots have a diarch protostele, cortex
and poorly developed secondary tissues (Fig. 2e).
Permineralization of the stem tissues extends to
the parenchymatous cells of the pith (Fig. 2f, g),
phloem and cortex (Fig. 2g). Degraded areas of
parenchyma within the pith of some stems contain
fungal hyphae and spores (Fig. 2f). Surrounding the
pith, primary xylem shows eustelic arrangement of
bundles (Fig. 2f, g). Shoots of conifers with attached
leaves, which were preserved in a horizontal position
within the chert lens (Fig. 2h, 1), illustrate that parts
of the permineralized flora had undergone relatively
little transport and were probably autochthonous or
para-autochthonous. Disseminated organs within the
chert include conifer shoots with scale leaves of
Brachyphyllum—Pagiophyllum morphology (Fig. 2g—i),
cycadophyte (cycad or bennettitalean) leaves (Fig. 2j)
and possible conifer seeds (Fig. 2k). Conifer leaves
have a rhomboidal-lanceolate outline and a broad
base (Fig. 2g—i); anatomical features visible in these
include vascular bundles with well-developed cent-
ripetal metaxylem, thick abaxial and thin adaxial
cuticle and a hypodermis with one or two layers
(Fig. 21). Parenchymatous structures include palisade
and spongy parenchyma (Fig. 2g—i). In combination
these characters suggest an araucarian affinity. Cycado-
phyte leaves also occur frequently. Transverse cross-
sections through the leaves show thin blades of about
0.7 mm thickness, with several vascular bundles of
more or less circular shape and about 0.5 mm diameter
within a homogeneous mesophyll (Fig. 2j). Regions
of embryonic tissue are visible within less common,
mature seeds (Fig. 2k). Leafy shoots (Fig. 2h, 1), leaves
(Fig. 2g, j) and seeds (Fig. 2k) have regions of well-
preserved parenchyma despite, in the case of the leaves
and seeds, having undergone a period of transport
and burial. These illustrate that permineralization and
formation of the chert was extremely rapid and must
have occurred very quickly after deposition and/or
accumulation of the organic components.

A second thinner chert, about 5 cm thick and 3—
4 m in diameter, occurs 70 cm above the main chert
lens (Fig. 1b). This has rippled upper and lower
contacts with coarse sandstone beds. The base and
top of the lens comprise fining-upwards sequences
of silicified sandstone containing plant compressions.
Only the central 3 cm of the lens have a clear to
clotted chert matrix, and this contains clast-supported
permineralized wood fragments, roots, stems, cones
and spores. Axial organs within the lens were generally
less well-preserved than those in the main chert, gen-
erally comprising cylindrical to compressed cuticular
or epidermal straws with completely degraded cortical
tissues. Further evidence of lower plant preservation in
the environment represented by this lens is provided by
wood fragments which appeared to have margins with
a high degree of de-lignification.
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4.c. Compression flora in fluvial sands and silts

The basal parallel-bedded sands and silts of this unit
contain abundant but fragmentary carbon compres-
sions and poorly preserved compressed coniferous
branches. Above, in finer sediments, plant preservation
is better and species diversity greater. Conifers are
the dominant component of the compression flora and
are represented by two different types of foliaceous
branches with helically arranged, lanceolate, adpressed
leaves (Fig. 3a—d) and the dispersed ovuliferous scales
of Araucarites sp. (Fig. 3e, f). Foliage with at least
two orders of branches in organic connection was
common (Fig. 3b, d). The dominant coniferous foliage
is assignable to the Brachyphyllum sp. (Fig. 3a, b)
with less frequent occurrence of Pagiophyllum sp.
(Fig. 3c, d). We speculate on the basis of foliar
morphology and the association of the foliage with
araucarian seeds that the community was dominated
by this group. Less common elements of the flora
were large cycadophyte (cycad or bennettitalean)
pinnules (Fig. 3g), small (about 1 cm diameter) oval—
circular conifer strobili with helically arranged sporo-
phylls (Fig, 3h), foliaceous Elatocladus sp. branches
(Fig. 31, j), pteridosperm fronds of Sphenopteris type
(Fig. 3k) and pinnate pteridosperm-like reproductive
structures (Fig. 31). Fragments of the monopinnate
fronds of Otozamites sp. (Fig. 3m, n) were rel-
atively common within individual horizons, where
they occurred in association with Brachyphyllum—
Pagiophyllum foliage and ovuliferous scales of
Araucarites. Many of the bennettitalean fronds had
well-preserved regions of cuticle.

4.d. Compression flora and petrified forest in Chon Aike
Formation tuffs

In the coarse Chon Aike Formation tuffs, plant
preservation was common but preservation quality
poor and apparently limited to relatively robust plant
axes and branches (Fig. 4a—c). The flora comprised
cf. Brachyphyllum sp. branches with variable levels
of preservation extending from decorticated branches
to branches with attached but poorly preserved scale
leaves (Fig. 4a, b) and poorly preserved sphenophyte
stems with whorled leaf scars (Fig. 4c).

Petrified tree trunks (Fig. 4d) occurred in the upper
part of the tuff sequence, either at three different
stratigraphic levels or within a single interval on
an exhumed Jurassic hill slope (Fig. 1). The forest
comprises large coniferous trees with trunk diameters
in the range 0.28-2.20 m (average 1.5 m, n=30).
The forest contains in excess of fifty individual trees.
Frequently they are represented by stumps in life
position, and with major root orientations that indicate
their growth on an inclined surface (Fig. 4d). Tree
stumps are distributed between 5.5 and 36 m apart.
The stump density and the different classes of trunk
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diameter suggest that the forest represents a mature
community, commonly with a high density of individu-
als. The topographically highest in situ tree stumps
appear to coincide with the contact between the tuff
sequence and overlying ignimbrite. Additionally, many
fallen trunks have a common NNW-SSE alignment.
In combination, these observations may suggest the
forest’s destruction in a single event associated with
emplacement of the overlying ignimbrite sheet. As with
the silicified root horizons, the development of mature
vegetation indicates relatively protracted hiatuses in
volcanic activity in the area.

5. Discussion
5.a. Sedimentary environments

The massive basal sediments above the landscape
unconformity show little evidence of transport and
apparently derive from the altered, hydrothermally
bleached and weathered top of the Bajo Pobre lavas
below. We interpret this initial clastic sequence to
represent deposits associated with basin margin alluvial
fans. The bedded coarse sandstones which pass
upwards into fissile silts—muds and repeated sequences
of cross-laminated sand and silt suggest the initial
development of a braided stream and subsequent
development of a meandering stream in an alluvial plain
setting. The numerous silicified root horizons and chert
lenses with abundant transported and in situ plant ma-
terial within the bedded sandstones indicate repeated
migration and occasional abandonment of channels
and formation of standing water pools. During hiatuses
in deposition, relatively mature vegetation colonized
sediment surfaces. Sedimentation in the alluvial plain
environment was dominated by the development of
crevasse-splay deposits and subsequently a switch from
fluvial sedimentation to subaerial volcanism.

5.b. Origin of the Laguna Flecha Negra cherts

The Deseado Massif has abundant evidence of low-
sulphidation epithermal systems, many of which have
associated surficial sinter and travertine deposits (e.g.
Schalamuk ez al. 1997). Plant fossils have been reported
from a number of these environments (Marchionni
et al. 1999; Guido, de Barrio & Schalamuk, 2002;
Guido et al. 2002), but fossils are sparse and preserva-
tion quality too low to allow anatomical and taxonomic
description. Two processes may be responsible for
the lack of informative plant fossils. Firstly, the hot
spring environments thus far described in the Deseado
Massif are proximal sinter and travertine mounds
and aprons (Guido, de Barrio & Schalamuk, 2002;
Guido et al. 2002; Andrada de Palomera, Moreira &
Fernandez, 2005) which present harsh environments
for plants, dictating an initial low plant diversity and
abundance. Secondly, the subaerial surfaces of aprons
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Table 2. Concentrations of elements (in ppm) considered to be potential indicators of low-sulphidation epithermal Au/Ag and hot spring
Au/Ag deposits in samples of Laguna Flecha Negra and selected Palacozoic hot spring chert deposits

Li B Mn Ni Cu Zn As Mo Ag Sn Sb Ba W Au Tl Pb
LFNV 64.0 169 232 69.1 570 0.62 59 02 nd 1.2 2.1 0.7 028 n.d. n.d. 0.18
LFNCI 61.7 136 15.0 91.0 535 092 68 02 004 12 1.7 100 nd. nd 0.004  0.08
LFNC2 647 184 319 1159 232 859 115 01 019 18 08 15729 0.1 0.001 0455 3.68
WOB 678 94 145 89.9 436 0.54 35 01 003 12 331 215 25 0.009 0.023 036
RCH 527 149 139 1053 435 0.72 29 02 0.02 12 2.0 63 nd. nd 0.017  0.04
WCH 1189 46 278 99.5 582 148 38 02 001 12 45 1125 0.1 0.009 0.029 0.72

Samples: Laguna Flecha Negra chalcedony vein (LFNV), Laguna Flecha Negra chert (LFNC1 and LFNC2), Wobegong sinter, Drummond
Basin, Queensland, Australia (WOB), Rhynie Chert (RCH) and Windyfield Chert (WCH), Aberdeenshire, Scotland. Analyses were
conducted by Laser Ablation Mass-Spectroscopy utilizing a New Wave Research UP213 ultraviolet laser (213 nm) coupled to a Thermo X7
ICP-MS system. Spot analyses were conducted with the following parameters: laser frequency — 20 Hz, laser power — 0.47 mJ per pulse™!,
beam diameter — 80 pm, acquisition time — 70 seconds. Element concentrations were calculated from calibration curves based on NIST
standards 610, 612 and 614 analysed under identical conditions to the unknowns.

provide relatively low preservation potentials for plant
tissues, particularly parenchymatous tissues, as they
are intermittently drying environments with relatively
low vertical accretion rates (e.g. Channing & Edwards,
2004). We hypothesize that in contrast, the Laguna
Flecha Negra plant-rich chert lenses formed in a
distal, low temperature, ephemeral or emergent aquatic
setting. We base this hypothesis on features that the
cherts share with the richly fossiliferous Devonian hot
spring cherts of Rhynie and Windyfield, Aberdeenshire,
Scotland:

(1) Both deposits occur within an alluvial environ-
ment close to basin margin sediment sources
associated with an andesitic—rhyolitic volcanic
terrain.

(2) Both deposits are closely associated with areas
of cross-cutting chalcedony =+ calcite veins,
containing disseminated iron oxides after pyrite
and elevated concentrations of As, Hg and W
(Baron et al. 2004).

(3) Initial Laser Mass Spectrometer analyses of
Laguna Flecha Negra and Rhynie/Windyfield
chert samples (Table 2), plus comparison of
element concentrations with other sinter deposits
of the Deseado Massif (e.g. Guido, de Barrio
& Schalamuk, 2002), reveal closely comparable
trace element ‘fingerprints’. Both chalcedony
veins and chert beds show enrichment of ele-
ments typically associated with low sulphidation
epithermal Au—Ag (Panteleyev, 1996b) and hot
spring Au—Ag deposits (Panteleyev, 1996a).

(4) Chert bed morphology matches the commonly
lenticular to podiform and composite-lens struc-
tures of Rhynie/Windyfield and indicates depos-
ition in hollows in the surface of active alluvial
fan deposits.

(5) Texturally, the chert beds comprise sandstones
with undulose or rippled bases containing com-
pacted organic material and plants preserved as
hollow straws, which pass upwards into massive
chert which is rich in three-dimensionally
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preserved plants. In detail, matrix chert in
the massive chert layers comprises amorphous
organic-rich clots plus degraded but identifiable
phytodebris (microscopic wood fragments and
cuticle), spores/pollen and microbial filaments.
These features compare closely with the len-
ticular and massive chert facies of Rhynie
(Trewin, 1994, 1996) and Windyfield (Fayers &
Trewin, 2004).

(6) Palaeontological and taphonomic similarities in-
clude the preservation of fleshy parenchymatous
tissues and organs in three dimensions and at
the cellular level and preservation of a bacterial
and fungal micro-biota. Additionally, all three
cherts contain a mix of allochthonous, para-
autochthonous and in sifu plant materials that
exhibit a spectrum of levels of degradation from
preservation of entire tissues/organs to collapsed
cuticular straws.

6. Significance

The Laguna Flecha Negra locality greatly expands the
recorded plant diversity of the Chon Aike Formation
and illustrates plant diversity associated with proximal
volcanic settings within the region’s broader volcanic
terrain. The locality contains, at the family level, all
of the higher plant diversity thus far reported from
the Jurassic of Patagonia. Repeated colonization and
sere development is evident at the locality, which
demonstrates the punctuation of local volcanic activity
by hiatuses spanning hundreds to thousands of years.
Comparison of the geological setting and initial
investigations of sedimentary fabrics and geochemical
characteristics of the Laguna Flecha Negra cherts
suggest their formation at the surface in shallow depres-
sions containing organic-rich sediments as geothermal
fluids, derived from hot springs, flowed across the
surface of an alluvial plain. To our knowledge, this
locality contains the first richly fossiliferous chert
beds discovered in the Deseado Massif and the first
Jurassic and Mesozoic hot spring deposit with a
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well-preserved flora. The ecosystem contained in the
Rhynie Chert underpins much of our understanding
of early terrestrial ecosystems. Similarly, this chert
has enormous potential significance as it contains
plant groups and plant organs and tissues, which in
most environments have a low preservation potential,
preserved in three dimensions and at the cellular
level. The presence of previously unreported 3-D
organs, including young roots and stems, mature
leaves and leafy shoots with leaf primordia, plus the
presence of reproductive structures and an abundance
of wood material, offers the opportunity to study plant
histology, anatomy, developmental biology, ecological
adaptations, habit, branching system, and evolution of
Jurassic taxa and floras in Gondwanaland.

The Laguna Flecha Negra area contains a perminer-
alized chert flora, fossil forest silicified in growth posi-
tion and compression floras with cuticular preservation
within a laterally and stratigraphically compact area.
The juxtaposition of sites that include many different
types of plant preservation, allied with exceptional
preservation quality, high botanical diversity and
high fossil abundance, make the area unique. The
association of plant-bearing clastic and volcaniclastic
sequences and hot spring deposits make the area ideally
suited to ongoing taphonomic and palaeoecological
investigations that could address questions relating to
the role of adaptation—preadaptation, specialization and
endemism of hot spring floras (e.g. Channing, 2003).
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