Proceedings of Al. Janelidze Institute of Geology of Ivane Javakhishvili Tbilisi State University, Ne 136

LAVA/SEDIMENT INTERACTION RESULTED IN A PEPERITE TEXTURE:
AN EXAMPLE FROM BOLNISI DISTRICT, GEORGIA
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Abstract. A thin layer of carbonate breccia, with limestone fragments in a red clay and calcite
matrix, lies between Pliocene-Pleistocene basaltic lava and Danian limestones. Rare basaltic
pieces suggest peperite formation due to lava interaction with wet breccia, with fluidal shapes
from ductile deformation. This interaction varied with water saturation.
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INTRODUCTION

The coincidence of penecontemporaneous geological events in space, such as sedimen-
tary and igneous, including effusive and intrusive, can lead to the interaction between hot
magma and poorly consolidated, typically wet sediments (Skilling, White, McPhie, 2002). Due
to magma-sediment density contrasts, quenching and autobrecciation, forceful mechanical
stress, and hydromagmatic explosions, the magma is fragmented and mingled with host
sediment to form peperite. Peperite clast morphology can vary from blocky to fluidal indicating
brittle or ductile deformation regimes, respectively (Busby-Spera, White, 1987).

The study area is in the Bolnisi district, in southeastern Georgia, near the Mukhrana
village. Here the LTD Caucasian Mining Group (CMG) has recently constructed five explora-
tion drillholes, one of them has intersected peperite, the origin of which is discussed in this
paper.

The territory of Georgia and the Caucasus as a whole is part of a single Alpine-Hima-
layan orogenic system that formed from Jurassic—Cretaceous to the present (Jankovic, 1997).
This system developed as a result of the convergence of the African, Arabian, Indian, and
Indonesian plates and their collision with Eurasia in the area of the former Tethyan oceans
(Adamia, Shavishvili, 1979; Adamia Sh. et al., 2010; Gamkrelidze, Dumbadze, Kekeliya, 1981;
Gambkrelidze et al., 1999; Zakariadze et al., 2007; Gamkrelidze, Shengelia, 1999). Bolnisi district
is situated in the 350-km-long Somkheto-Karabagh tectonic zone of the Lesser Caucasus. The
latter is the southernmost part of the Caucasus and developed in the framework of the north-
east verging Jurassic-Cretaceous subduction of a northern branch of the Neotethys under the
Eurasian continent and closed in Late Cretaceous (Rolland et al., 2011).

The Bolnisi district is characterized by Hercynian basement, unconformably capped by
the Upper Carboniferous molasse, as well as by the Upper Jurassic-Cretaceous arc association
(Yilmaz et al., 2000). In ascending section these formations are followed by pre-collisional
Eocene volcano-sedimentary sequences; post-collisional Upper Miocene-Lower Pliocene
basalt-andesite-dacite-rhyolitic subaerial lava sheets and pyroclastic rocks; and, Upper
Pliocene-Holocene mainly basaltic subaerial lavas (Adamia et al., 2011).

The Bolnisi ore district is known for its gold and copper deposits hosted by Upper

Cretaceous subduction-related bimodal volcanic formations (Moritz et al., 2016). One of the
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most significant in the province is the Madneuli (Migineishvili, 2005) deposit mined for more
than 50 years and producing copper concentrate and gold Dore alloys. The Caucasian Mining
Group Ltd recently revealed several new mining targets clustered around the Madneuli.

Ongoing geological exploration is still underway.

GEOLOGIC FORMATIONS AND DRILLHOLE COLUMNAR
SECTIONS IN THE STUDY AREA

The CMG five drillholes provided additional lithologic and structural data pertinent to
this case study. The drillholes intersected the following formations: (i) the Campanian-
Maastrchtian Tetritskaro suite; (ii) the Danian Khrami suite; and (iii) the Akhalkalaki Upper
Pliocene—Pleistocene suite (Fig. 1).

The Tetritskaro suite is largely composed of grey and bright-white limestones (mainly of
the lithographic type), marls, and rare interlayers of variegated tuffs. Sometimes it contains
large (0.6-0.8m) concretions of smoky flint. This suite is confined mainly to synclinal structures
and is conformably stratified with underlying or overlying deposits. Based on fossils of Ammo-
nites, Inoceramids, Globotruncanas, and other typical Cretaceous fossil groups, collected here,
the lower part of the Tetritskaro suite is ascribed to the Campanian stage, and its upper part - to
the Maastrichtian stage (Gambashidze, 1979; Gambashidze, 84).

The Danian-aged Khrami suite is composed of limestones similar to the underlying Tetri-
tskaro suite limestones. The lower boundary of the Khrami suite can be assumed based on its
thickness of 40m and the presence of Oyster and echinoid Danian fossils. The Cretaceous—
Paleogene boundary in this region, as elsewhere in the world, is marked by the mass extinction
of species that used to be widespread in the earlier periods. Meanwhile, a flourishing of Paleo-
gene habit microforaminifera also occurred here (Gambashidze, 1979).

Upper Pliocene—Pleistocene Akhalkalaki suite largely consists of basaltic lavas, less often
of lenses of fluviatile to lacustrine and alluvial deposits, pyroclastic rocks, and andesitic basalts
(Adamia et al., 2010; Adamia et al., 2011). This stage of magmatism was about 2 Ma long and
lasted from 3.75 to 1.75-1.55 Ma (Lebedev et al. 2008), releasing considerable volumes of lava.
Due to low viscosity, basalts flooded the landscape on a regional scale, spread over large territo-
ries, and generated a new landscape of subdued relief — Javakheti Highland's spacious lava pla-
teau. Successive eruptions formed 100 to 300 meters accumulations of nearly horizontal flows.

Late Pliocene-Early Pleistocene mammalian fauna, as well as fossils of Early Pleistocene
hominins, have been recovered at the lower level of the Akhalkalaki suite, in lacustrine
sediments, at the Dmanisi historical and archaeological site (Gamkrelidze, 1964; Gabunia et al.,
1999; Vekua et al., 2002; Pontzer et al., 2010). Dmanisi hominins inhabited the Earth some
1.85-1.75 Ma ago and are the best-preserved fossils of early Homo. The basalts' radiometric age
(2.0£0.5 Ma) is in consent with faunistic data (Tutberidze, 2004).

Each drillhole intersected a thin layer of carbonate breccia occupying the distinct
stratigraphic level between subaerial Upper Pliocene-Pleistocene basaltic lava flow and
underlying Danian limestones (Fig.1). A special case is the drillhole KIRDDH2 that crossed

breccia layer twice (at 26.5.0m and 49.5m). It can be explained by the tectonic displacement of
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the breccia layer along a fault zone represented by tectonically crushed rocks (interval of 27-
36m). Laterally, the breccia is traced for a distance of 300 m. It doesn't typically survive erosion
for long, so it cannot be found in a surface outcrop. Its thickness is changeable and varies

widely, from 1 to 110 cm.
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Fig.1. Drillhole columnar sections at the Mukhrana village, Bolnisi municipality. 1 - Eluvial and diluvial
deposits; 2 - Akhalkalaki suite; 3 — Carbonate breccia; 4 - Khrami suite; 5 — Tetritskaro suite; 6 — Fault
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zone presented by tectonically crushed rocks. For clarity, two intervals of the KIRDDH? are highlighted
separately and enlarged twice in scale.

The carbonate breccia comprises limestone fragments in a mixed matrix of red iron
oxide-stained clay and crystalline calcite. This is angular to sub-rounded, millimetric to
centimetric (up to 4cm across), poorly sorted, randomly oriented, loosely compacted, highly
porous, matrix-supported breccia (Fig. 2). The limestone fragments of breccia contain abundant

micro-fossil remains or bioclasts, complete or fragmented.

Fig. 2. Fluidal peperite with basaltic black clasts of a few

centimeters size in carbonate breccia.

PEPERITE

The carbonate breccia that is intersected in the drillhole KIRDDH2, in the interval of
49.5-49.65 m, contains fluidal peperite clasts derived from overlying basaltic lava flow. Clasts
are up to 4 cm across and have amoeboid margins (Fig. 2). Fluidal juvenile clasts are thought to
be fragmented in the ductile regime (Busby-Spera and White, 1987). This type of peperite re-
cords a dynamic interaction of the carbonate breccia sediment with overlying basaltic hot lava
during flow and final emplacement. No peperite was found elsewhere in the other drillhole
intervals of the study area.

In the same drillhole, near the contact with the carbonate breccia, basalt hosts a crack
filled with fine-grained breccia cement. Its length is 10 cm, its maximum thickness is approxi-
mately 5 cm. The crack gradually pinches out. According to Kokelaar (1982) and Doyle (2000),
the presence of sediment-filled fractures or joints in the parent intrusion/lava body implies that
host sediments were unconsolidated or poorly consolidated, and most likely wet, at the time of
interaction with the magma. Fluidization enhances sediment mobility and is a key factor in
peperite formation.

The basalt lava body has many vesicles of 2-5 mm across, some of them, in the contact

zone, are infilled with carbonate breccia cement. Infillings often are finer-grained, than the
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bulk of the host sediment. Such infillings are also inferred as indications of the host sediment
mobility (Goto and McPhie, 1996; Dadd and Van Wagoner, 2002).

CONCLUSIONS

Interaction between subaerial Upper Pliocene-Pleistocene hot basaltic lava flow and an
underlying thin layer of carbonate breccia in the Bolnisi district, Georgia resulted in the
localized formation of fluidal peperite with amoeboid margins. Sediment-filled fractures and
vesicles in lava flow suggest that the carbonate breccia was unconsolidated or poorly
consolidated and wet when the lava flowed over them. A spatial restriction of peperite, as well
as sediment-filled fractures and vesicles to just a single locality of the study area, might be
caused by possible heterogeneity of water-saturation of the breccia layer at the time of the
igneous-sediment interaction. The interaction presumably was intensified where the saturation

was maximal.
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