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Abstract. The article presents a brief description of interflow horizons from several locations of
Javakheti - the villages Khertvisi, Toloshi, Khando, Kilda, Gelsunda and Akhalkalaki, which is
related to the issue of boluses identification. This event was studied for the first time in Georgia
by the group of the article authors.

Key words: Javakheti volcanic province; interflow horizons; red bolus.
153396dm Lo@Yz900: X935b9m0L 3 3956MM0 3M:M306300; WH350TMOOLO 3OHODMbEYO0;

foomgwo dmemligdo.
3°85MMYdMo Mgbomdy

X939b900L M 356w 3GM306300L 5300dmMolio BYMIEO 3mMODMBEdO. 3. 35315,

- 35953009, J. 390565330000, M. 39004, 3. Md:»B0dY, 3. 50b0s. X 935bgMOL M 3sbMo
36m306300L BoH03MMO 3 35bMmEMmyool 33930l gHm-gmm 360836 ™36 0ds0rorv)-
@905l @53500dMmMHOLO 3 356M96M-sbsrgdo Foedmbsgddbgdol Tglfogems Hocmdmogo-
396L. 59 36H0BMbGHJOOL gbfages 373960 3MMiEgLol 39B30msMYdoL, 4ocMgdml 930~
WMROIOM0 300M39d0L s 53 3060HMdYOOL F9i33wrol Jglobgd 360d3bgeMm396 0bEMMTsiE0sL

0dg3s. 33093900l gl 0300 gds 39ML3gIEBH0ME0s MYR0Mbol 35egMEsbdsg@ols
Q@5 3593 MR0IO0 M930MBLEI30930LbmM300.

59 30mM0DMbEHYIL 0O bsbos 03bMBL JoMIMIO 4gMEMYOMEmO LoBMYSMYOS B~
3MOE W350IMEOHOL 65¢ngdgdls, dog®sd Fomo MBS 33¢0935 SOOI 5O sMOL FoMdmygbo-
o s Mm@ Bsgzgg 2obloBO3MGOOL Lyg3MAZ39EBY Fom b odmf30L, 56 dzgeo boo-
053900L 3mOHO0BMOE GO dmoblighgdab. Moo, LHm®mgw 39356990 Ho®BMbogdbgdols dg-
33w0b gl 360G 9d0 0deg3s FoMBmgbsL oMM 35¢gM93MWMYOME 30MHMdJIDY.

B3960 X530l J0gM, sM59Mm0 5993560 L3gEoswoliEol ImLsBMYdoL Logwmdzgue by
(Widdowson, Walsh, et al., 1997; Turner, Hopper, et al., 1986; Shilman, 1986) o L532)0056
©5330039093D9 ©ogMHEbMdOm, J98vd53 drEMOL goblsbwazMs. s50bodbmwo gobly®-
03605 56 1B J030RboMm S0LMEYEME (Hals, 0939 F0dE0bIMY Boddom 35M0BE,
HMIGO3 393309030¢90L dMELGdOL 25d0x3bsL B3 ALYs3L0 bogngdgdoliysb.

B3960 sBMm0m, dWML9Gdo MO O 39366 9g30bmEL TnGmOL J306Mg 359Dl
Pom3mgdboro LG o 298mx30@30L 3OHMMIG0s, OMIJEoE (3bgmo 30MM3WIBEIMO Tolo-
ol §gomsb 3:mb@ogd@obol, LHMoxgo go303900L 999y Ho®dmogdbgds. Aol sbolioosmgdls


https://doi.org/10.52340/pajig.2024.136.10

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

93069 Lo s3MY, F0BYMIWIHO S J0doMO F9dsRgbMBOL Losbermgg LEHYol Jsbmsb,
535L096, J933w0l 3OMYJBHIO0B 9MEOWSdO® bS F903939L bLIgIBHOGHIO MOobol,
390Gl s M3060L 30MHM:bRJOL.

X935b900L 3990 356m0 36OHM306300L BoGywgddo dgoMBs Loyhgbo FHowgdo, -
9903 bsomwo@ Homdmobgbs 30B03MMmO 3 39bMmEmyool 1530193IMHGOL s S350~
dmMoLo 3mMH0BMBEJOOL J933wgdd0 oblb3s3909dL. gl FOHOWgdO IEOIMIMBL LeREIgdOL
bgem30LoL, GHMEmdol, bobml, Jowsl, 4gwbmbosl s sboendsersdol dodgdst
A9M0GHMMH05DY.

15399 LM FoMmgdoL EOHML 5©gdo 60ddgdol Jodommo XRF-565¢00Bo 3sbbmem-
309 bgwlsfiym Spectrosceute geo 259mygbgdom, 393 HMyMOR0Mwo sfgMgdo §o390m-
5 90360Hmb3m39d0L Optica s Amscop bsdMoegdom, bawm XRD sbserobo Bo@oms
JPOH-2,0 Cu-antikat. 43ges 33935 9gbeens 5¢gdbobdg xsbgerodols Labgurmdols
390300l 0bLEOGHMGHOL 4gMEMAO0MMmO 33030l 3033¢gJLMO SBIMGHBHMEM05d0 O,
Bofomdmog, 39369 d9eododzowol bobgumdol 30H03MM0 s MEYEMwo Jodool obl-
AOGHMAOL WIBdMEOSEHMOH05T0.

33193990 99939© 3583360m, G™A bgHmngobo I-0b, GHmemdol, bsboml, dgwlmb-
Q5L S sbsErdsedol ogz5mmIMMmOLO Fomgwo g3mbBoBgdo XRF s XRD sbsgroBol dg-
©929%0L dobgzom FoMdmoagbl fomgw dmEmligdl, 649 53859Mmx30wgdl dmeErlols
B39BL dog® 893498539090 256356EHJdSL.

bgemzobo III-0bs s bobmb dmfomsenm, bsgmobggmo s 9530 3mM0BMbEJd0 s63
0ol HomBmoaabl, sME 35¢gMmbosoggdl, sOE oGIMHOGHIOL s M3 Jodmf30L 3m-
H0DBMb3HYOL. LO35M5MPM, gb Lo 30MMIWIBEOIOBS S dBAEPYLGIL FMEMOL JOMIESTSZ>WO
B30l 3mMH0BMbEgd0s.

B3960 sDM0m, bobml, 29wlivbslis s sbagdseodol ggMmo 3mmobmbEgddo s-
1304L0MYOMWOo BsBIOOLYIMMO BMMTGOO FYol sMOmMIgdoLsls 2oBgbow dHIMYOM6
MRGm 9@ bgoglgdsl 53wgbl, 300Mg Ws3Me FobfigaMgdslimsb. s8sbmab, 533560 BMM-
9900 dbmemE (30M0wdsMmE3w M35 3OMBEHIOT0 335d38 s 56 23b3gds Abzow 30GMM-
30bGM ©I3MD0EJdd0, 306500056 gi 356513690 5®53MTMYI6O FMMBEBHL FoMdmo-
396L. 9.0., 5333500 FMOIGOOL Ho®mgdbs bgds 9™ 3MOLESWOBIGOOLS S 5303900l
363930, 5589 5930 A3MYIMT0 Fo0owo H9gd3gMoEIMOL 306HMd9dT0 Mobs-J30-
30560 g6MbEgdol dog Fywol bHMsx0, 06EIbLOMMO 356M30LsL - 256936900l dMMmEgLo-
Uob Lo3dome goblb3zs398Mw0 3MMiEgLlol EOML. sdo@™Ad 330JOMdM, M J0MHMIESL-
AMO sbowsdo omdmgddbowo g3sbgmolgdm®mo BmMIgdol dodsMrm 56 Mbos g3obdsmmo
A9630b0 ,,53564M0LgdM0 456(9369ds%, 50599 30bIsOM® 3HgMdobo ,,z56dM0LYdMO™ 4s0mT-
0L Bo3Mogdo, 96 g35e30L ,8356dM0LYIMO“ Bsd3Mogdo, b Lywsg ,39bJMHOLYdMHO™
dOMO0L dBoMgdO.

Jow sl fomgeo 3mGH0OmO0BMOE0, dsbsliosmgdwgdol dobgz0m, MmMo wsz0l by
30b3ogdGHo© Mbos dogoBbomom.

Do 960o LGB0 Lofyobo 33093900l ol 9yemEbMd.. 336093900 yMdgan-
90 5 X3IBOL §930900 ym3geficron®o@ 5369896 ©s sBYLHYOYD dMELYEMD @33



Proceedings of Al. Janelidze Institute of Geology of Ivane Javakhishvili Tbilisi State University, No 136

Fo6gdmer 8mbs39990L, HMIYE0E 9BI3MIM0350 096905 Homdmagbowo 399303530930
Loboo.
INTRODUCTION

The Javakheti Volcanic Province (Fig. 1) extending over the area of synonymous highland
is situated in central part of the Lesser Caucasus Mountain system and is an important center of
voluminous post-collisional volcanism. The area boundaries correspond to the Childyr Lake
(Chrdili Lake), Shirak and Bazum ridges on the south, the Mtkvari (Kura) River upper reaches
on the west, the Trialeti Ridge composed of the Paleogene volcanogenic-sedimentary rocks on
the north. The eastern distribution limit of young volcanics corresponds approximately to the
Tsalka—Gomareti—-Dmanisi-Stepanavan line, though three large flood basalt lava flows extend
along the Mtkvari (Kura), Mashavera and Khrami valleys outside the delineated area. The
sequence of volcanics erupted from Neogene to Quaternary, and mostly during the Pliocene
epoch. The volcanics form a part of continental flood basalts that are spread across southern
Georgia, central and northern Armenia and NE Turkey, which was named by Sheth et al.
(2015) as South Caucasus Continental Flood Basalt (CFB) Province (Gabarashvili et al., 2019).
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Fig. 1. Geological Sketch Map of Javakheti Volcanic Province (modified from V. Lebedev et al. 2008)

1. Quaternary sediments; 2. Late Quaternary dacite volcanics of the Samsari ridge; 3. Pliocene andesites,
dacites and rhyolites of Javakheti ridge; 4. Pliocene volcanics of Akhalkalaki suite (basalts, sub-alkaline
basalts, andesite-basalts, andesites); 5. Late Miocene Volcanics of Goderzi suite (andesites, dacites);

6. Pre- Neogene igneous and sedimentary formations; 7. Mtkvari(Kura) flows;

8. Settlements; 9. State Border; 10. Study area.
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Despite active research by Georgian and foreign investigators in this province, documen-
tation of the physical volcanology of these widespread basalt lavas seems to be missing in litera-
ture. Since 2016 the authors of the article have undertaken the study of physical volcanology of
the Javakheti lava flows in order to build robust volcanic facies architecture of the province,
which is the first of its kind. These studies have already revealed some important physical
volcanological features, which can be used to identify volcanic and sedimentary facies that can
shed light of emplacement dynamics of the eruptions and paleoenvironment (Beridze et al,,
2017). The comprehensive study of the interflow sediments including bole beds is being under-
taken for the first time as well. The interflow sedimentary units (boles) keep an important
record on paleoenvironmental conditions existed during major eruptive events and are essential

for paleo-landscapes and paleo-ecological reconstructions.

THE STUDY HISTORY OF THE INVESTIGATED AREA

The study of the geology of Javakheti has a long history - starting with Abich (Von
Abich, 1879), probably there is not a single great geologist working in Georgia who has not
studied different aspects of the geology of this area. In this regard, the greatest contribution was
made to the study of volcanism in the region by G. Dzotsenidze (Dzotsenidze G., 1954), N.
Skhirtladze (Skhirtladze N., 1958), G. Zaridze (1961), B. Tutberidze (2004), O. Dudauri, V.
Lebedev, G. Vashakidze (Lebedev et al., 2008), and others. Important for us data were found in
the contributions by D. Jigauri (Jigauri D, 1975), and G. Maisuradze (Maisuradze G., 1981).

THE ACTUALITY OF THE PROPOSED RESEARCH

Despite the extensive bibliographic data, information about sedimentary horizons
between lava flows is fairly limited, and the study results of the phenomenon called bolus
horizons of weathering was presented for the first time in Georgia by our group to the
geological community at the mineralogical society conference (Kavsadze et al., 2018).

These horizons have long been known to the Georgian geological community as
interflow deposits, but their in-depth studies have not been presented anywhere, and only on
the basis of field determinations they are called either baked horizons or paleosols. However,
these products of volcanic rocks alteration provide essential information of the paleoecological

conditions of the environment.

BRIEF INFORMATION ABOUT BOLUSES

The study of boluses, or as they are called in the English-language literature "boles" by
the world's leading volcanologists, sedimentologists and pedologists, began in the 50-ies of the
20th century and has acquired a wide scope today, due to the ecological content mentioned
above.

The term "bole" in Scots means mud, bog dirt and was first recorded in Scottish sources

in 1338. In Greek-Latin sources, "bolus" means a pill, since red boluses, which are smectic
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clays, were used to make pills for intestinal infections. Here, the same term was used to refer to
the land lump. The Latins called "bolus" clay from Leucas and Lemnos. In recent years, Russian
researchers (Peryazeva, Plyusnin et al., 2001) use both the term "red bole" and "red bolus".

The authors of the article have decided to choose "bolus" as the Georgian volcanological
term, since "bole" would create some confusion.

Red bolus is primarily a color term. It refers to clay pigments ranging from red through
yellowish and pink shades to brown. Among them the most widespread is "terra rossa", salmon
color (pink-orange) and brown.

Red boluses have been used as a dye, medicine and food additive (and in some places to
this day) since ancient times, mainly in Armenia, Iran, the Mesopotamian states and in general
in almost all regions of the Fertile Crescent. In painting and applied art, bolus paints are still
widely used today both as a pigment (for example, "Armenian bole") and as a primer (especially

for smoothing the gold-ground surfaces of wooden furniture and frames) (Fig. 2).

Fig. 2. 14th-century gold-ground Italian painting where
the gold leaf has worn away to reveal the red bole beneath
(The New Oxford American Dictionary. 3rd ed. 2013).

TERMINOLOGICAL CONFUSION

Despite a millennial history of studies, there is still no consensus on the criteria needed
to identify boluses. We often come across cases when different researchers call the same object
a bolus (red bole), a laterite soil, a paleosol, and a baked horizon. The formation of an agreed
opinion here has not yet happened, and this somewhat complicates the qualification of these
formations.

Due to many contradictions, some scientists use differential analysis when determining
boluses, in particular, excluding laterites, red earth soils and the baked horizon, i.e. hot contact.
Since, unlike bolus, there are more or less established ideas about the listed events: laterite (Fig.
3) is considered to be an eluvial sediment obtained as a result of deep chemical weathering
(dissolution and hydration), the formation of which requires the infiltration of torrential rain
water characteristic of a humid tropical or subtropical climate into the ground, which is
accompanied by the massive migration of elements by both ground water and capillary water
(Widdowson, Walsh, et al., 1997). Besides, boluses (boles) are found between lava flows, and

thus formed in the time breaks (a few decades to thousands of years) between successive
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eruptions, whereas the laterites have developed on top of the continental flood basalts
sequences over tens of millions of years after volcanism ceased. Boles are generally local-scale
features, whereas the laterites have a regional-scale distribution (Duraiswami, et al., 2020).

For red earth soils (Fig. 4) formation, aside from tropical rains infiltration, seasonal mig-
ration of groundwater capillary rise and accumulation of certain organic material (humus) is
required.

Hot contact implies the iron oxides and hydrogen oxides formation during onlapping of
two lava flows and the presence of a watery surface between them, which gives the lava a red

color.

Fig. 3. Laterite (Crosta lateritica, 2019). Fig. 4. Red earth soil (Urushadze, 2014).

At present the genetic interpretation of boluses is fairly diverse. Some researchers think
that boluses (Fig. 5) are considered to be the formation of weak weathering products when the
pyroclastic material between two lava flows interacts with water. At the same time, in this case
water might be both atmospheric precipitations and from lakes, swamps, rivers, and seas. For
the final formation of the bolus hydrothermal process is essential as well (Widdowson, Walsh,
et al., 1997). According to other interpretations the boluses might be alteration products of lava
flow bases or lava flow tops, weathering products of flowtop and flow-bottom breccias in CFB
lava flows, or represent altered volcanic ash or inter-flow sediments (Duraiswami et al., 2020
and references herein). Various shades of red and brown are the most common colors of boles,
but nowadays green, yellow, purple, gray, or black boles are also described and studied. The
color of boles is mostly conditioned by their mineral composition (Duraiswamy, et al., 2020 and
references herein).

Based on the opinion of a number of leading experts (Widdowson, Walsh, et al., 1997;
Turner, Hopper, et al., 1986; Shilman, 1986) and our own observations, we have developed a
definition of bolus that should not be considered an absolute rule, but a working option which
makes it easier to distinguish boluses from other similar sediments.

We consider that boluses are the products of weak weathering formed during a short
break between two large volcanic episodes as a result of rapid cooling of hot pyroclastic
material in contact with water, and are characterized by small thickness, and are close by
mineral and chemical composition to the original rock. Besides, as alternation products it must

contain smectic clay, zeolites and iron hydroxides.
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After formation of the laterite complete profile only aluminum and iron oxides remain
from the initial rock. Red earths are also formed as a result of complete transformation of the
initial rock, representing the uppermost productive layer of the soil, and it must contain a
certain amount of organic matter for productivity. Baked (hot) contact develops as a result of
wet interaction of two lava flows and does not undergo other transformations aside of iron
oxide (hematite) formation and developing of weak argilization in the contact zone. Besides,
the bolus composition resembles that of the initial rock composition. In particular, by chemical
composition SiO2/Al:0Os value in laterites is 2 and in red earths - <2, whereas in boluses it
slightly differs from the initial rock’s composition. The content of Ca, Na, K, Ti is slightly

reduced as well.

Fig. 5. Red bolus (Gerta, 2017).

According to marker minerals content, hydrargillite AI(OH)3, boehmite AIO[OH], dias-
pore HAIO2 are considered as essential components. In the red earths initial/primary minerals
nearly no longer exist, but presence of humus substance that should not be less than 7.7 % and
of the relics of herbal detritus (roots) is essential (only black soils comprise more amount of
humus — up to 11 to 17 %). Bolus should necessarily comprise smectic clays, zeolites, and iron
hydroxides and in some cases presence of oxides is essential as well.

Time needed for the generation of these formations is important as well. In the formation
of laterites, in addition to climatic, anthropogenic and biogenic factors, time is an important
factor. Formation of thick Deccan laterites (more than 50-80 meters in southern Ghat
Province) named as superballs by Widdowson et al. (1997), continuously developed
uninterrupted during entire Tertiary after the eruptions had ceased.

The thickness of red earths is greater. For example, their thickness reaches 200-300
meters along the Black Sea coastal line of Achara. As for their formation time, it depends on
the climate changes and varies in the wide range.

The thickness of boluses varies inat most 8-10 meters range. It was believed that they
needed millennia to form. Then this time was reduced to centuries, and finally, during the last
activity of Kilauea (7 june, 2023), under the heavy rain conditions, both direct observers and
those who were watching this event on television saw that formation of red boluses took place
in 24 hours’ time.

There is an opinion according to which the boluses are formed on the basis of pyroclastic

material (e. g. Widdowson et al., 1997). Our studies have confirmed this opinion and have
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revealed that the boluses from Javakheti volcanic province were formed as a result of
pyroclastic material alternation.

Below the results of our study of interflow horizons of Khertvisi, Toloshi, Gelsunda,
Akhalkalaki, Kilda and Khando are presented.

RESEARCH METHODOLOGY

Chemical XRF-analysis of collected samples were carried out using ,Spectrosceute geo*,
petrographic descriptions were conducted on microscopes Optica and Amscop (USA), and
XRD-analysis was performed using DRON-2.0 Cu-antikat device. All studies were performed at
Complex Laboratory of Geological Research of Al. Janelidze Institute of Geology and, partially
in the laboratory of the Melikishvili Institute of Physical and Organic Chemistry of Thbilisi State

University.

THE STUDY AREA OF THE JAVAKHETT INTEFLOW HORIZONS

Representative sections showing characteristic features of physical volcanology of the
lava flows and variations in interflow horizons alterations were selected in the area of the
Javakheti volcanic province (Fig. 6).

The exposures of young lava flows were studied in the vicinities of the village Khertvisi:
section Khertvisi I -near the village Khertvisi entrance and section Khertvisi III — on the right
bank of the Mtkvari River.

Five lava flows composed of several flow lobes were established in the Khertvisi I section
(Fig. 7). The horizon of pyroclastic flow deposits consisting of coarse rock fragments was distin-
guished between the lobes 17 and 18 of the 5th Flow.

Fig. 6. Javakheti volcanic province with indication of studied sections on Google map:
1. Khertvisi I, 2. Khertvisi III, 3. Toloshi I, 4. Kilda, 5. Khando, 6. Akhalkalaki “pencils”
(along the Akhalkalaki highway), 7. Gelsunda.
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Fig. 7. Khertvisi I: 1. General view; 2. Red Bolus exposure under the lava flow.

According to XRF analysis results the SiO2/Al:Os ratio in the basalt (bedrock) is 3.01 and
for the red horizon is - 3.54. According to X-Ray diffraction analysis (XRD) aside from primary
minerals — plagioclases and pyroxenes, reflection peaks of montmorillonite (16,068A), illite
(13,53A), heulandite (3,996A, 2,931A) and mordenite (8,234, 6,44A) as well as weak reflection
peaks of B-hydrohematite (2.56A, 3,30A, 1,612 A) and hydrogoethite (4,178A, 2.45A, 2,69A)
are observed. In the thin section the rock was classified as an argillized and limonitized lithics-
and crystals-rich (lithocrystaloclastic) tuff exhibiting rhombic micro-jointing (Fig. 8). In the
lithic clasts primary basalt textural-mineralogical features are preserved.

The section Khertvisi III is composed of one flow (Fig. 9) with the red pyroclastic hori-

zon at the base comprising coarse rock clasts.

Fig. 8. Photomicrograph of the Khertvisi
I red horizon XPL (X40).

According to XRF analysis results the SiO2/AL:Os ratio in the basalt is 3.55 and for the red
horizon is — 3.085. According to XRD analysis in the red horizon montmorillonite-vermiculite
(15,399 — 13,53A), and goethite (4,133A) was identified. Zeolites are not present. In the thin
section the rock was classified as a lithic rich (lithoclastic) tuff (Fig. 10), where lithic clasts have
completely preserved their primary texture and mineral composition. The cement represents
highly argillized and ferruginous glass. The rock is very porous.

The Toloshi village section is located on the left bank of the river Mtkvari, behind the

village, overlooking the entrance road to Khertvisi. 15 lava flows were recorded here. Between
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the flows 14 and 15 there is a graded (probably lacustrine sediments) red colored horizon up to
6 m thick (Fig. 11).

Fig. 9: Khertvisi III: 1. General view; 2. Hand specimen from the red horizon;

3. Coherent lava flow; 4. Red bolus exposure at the bottom of the lava flow.

Fig 10. Photomicrograph of the lithic clasts
rich tuff. XPL (X40).

According to the XRF analysis results of the Flow 16 sample the SiO2/Al20s ratio is 2,771
which indicates the facies change (the rock is the andesite-basalt) and for the red horizon is -
3.085. In this case the ratio is close to the primary rock value. According to XRD analysis in the
red horizon abundant montmorillonite (16,068A), goethite (4,133A) and heulandite (3,996A)
have been identified. In the thin section the rock was classified as lithics and crystals rich vitric

(litocrystalovitroclastic) tuff where clasts have preserved the primary rock texture and
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composition. Crystal’s clasts are represented by plagioclase interstitions (Fig.12), cement is

represented by highly altered to clay (argillized), zeolitized and limonitized glass.

Fig. 11. 1 - General view of the Toloshi-I section exposure; 2, 3 - Outcrops of the Toloshi

variegated horizons.

Fig. 12. Photomicrograph of the Toloshi
red horizon. XPL (X40).

The flow with multiple lobes is exposed in the vicinity of village Kilda. Here the red
horizon is developed between two lava lobes (Fig. 13).

According to the XRF analysis results of Kilda SiO2/A1203=2,81, and according to XRD
analysis the mineral composition of the rock is close to basalt. However, the presence of calcite
(3,029A, 1,807-1,791A) and goethite (4,133A) was established as well. In the thin section the

rock specimen is classified as basalt with doleritic (ophitic) texture where interstitials are
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completely replaced by iron hydroxide (goethite), traces of calcite and heulandite (3,952A) are

observed, argillization was not established (Fig. 14).

On the left bank of the Chobareti River in the vicinity of Khando village, variegated
interflow horizons (pinkish, red, gray, black) were observed (Fig. 15, 16). In this section a

phenolmenon called "pencil jointing" is recorded (Sakrar, Chakranarayan et al, 2000).
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2
Fig. 15. Hand specimen photos of grey (1), black (2) and red boluses (3).

According to Widdowson et al. (1997) black boluses formation is related to substantial
deposition of ash with a devastating harmful impact on local flora and fauna. Therefore, the
study of such horizons is important in the evaluation of the continental flood basalt eruptions
on ancient biota and climate.

It should be noted that joints (e.g. columnar) develop in extrusive volcanic rocks (e.g.
lava flows) by cracking due to cooling-driven contraction, and is accompanied by the formation
of regular geometric shapes (e.g. Lamur, A. et al., 2018). In the case of red boluses, irregular,
thin columns are formed, which do not resemble the jointing in basalt flows, but drought-indu-
ced desiccation cracks characteristic of clay-sand soils (Sarkar et al., 2000). Therefore, we
believe (Kavsadze et al., 2022) for boluses, we should use the term "pencil-like" desiccation or
shrinkage cracks and not jointing (Fig. 16-1).

According to the XRF analysis of the grey horizon SiO2/Al203=4,649. By XRD analysis
plagioclase (anorthite), montmorillonite and a-cristobalite were identified. In the thin section
the rock specimen is classified as the crystal-rich (crystalloclastic) tuff (Fig. 17-1). XRF analysis
of the black horizon revealed that SiO2/Al203=3,973 and by XRD analysis montmorillonite, o-
crystobalite, plagioclase, pyroxene, and traces of hematite were identified. In the thin section
the rock specimen is classified as vitric (vitriclastic) argillized and fragmented tuff (Fig. 17-2).
By the XRF analysis of the red horizons SiO2/Al203=4,423 and by the XRD analysis hematite,
montmorillonite, a-cristobalite and traces of chabazite were identified. In the thin section the
rock specimen is classified as strongly altered crystal-rich vitric (crystallovitriclastic) tuff (Fig.
17-3).

Fig. 16. Khando interflow variegated horizons: 1. Grey and black horizons with developed in them

“pencil-like” desiccation/shrinkage cracks; 2. Pinck-carroty (orange-red) and red horizons.
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Fig. 17. Photomicrographs of 1. Grey, 2. Black and 3. Red boluses XPL (X 40).

Near the village of Gelsunda, across the road, almost 10-meters thick exposure of the red
horizon is observed, with a fairly clear grading of the material and an intercalation of "pencil-
like" dessication cracks (Kavsadze et all, 2022). The outcrop is steep and difficult to access,
making sampling extremely difficult. However, we were able to obtain material from the

horizon of pencils from the uppermost zone (Fig. 18).

Fig. 18. General view of the Gelsunda red horizons.

As can be seen from macro- and binocular photos of "pencils" (Fig. 19, 1 and 2), these
formations do not have correct geometric shapes. The sizes of the "pencils" range from 2 X 0.5
cm to 9 X 2 cm. The surface under the binocular is filled by cracked yellowish material. Accor-
ding to the XRF analysis SiO2/Al203=3,541. By XRD analysis the mineral of illite-montmoril-
lonite series 17.673A, anorthite-bytownite 3.493; 3.186A, pyroxene 3.186; 3.003A, mordenite
8.42; 3.996A, and gothite 4.182; 3.363A were distinguished. In the thin section the rock
specimen corresponds to vitric (vitriclastic) tuff, widely argillized and limonitized. Growth of

limonite concretions and replacement of plagioclases by zeolites is observed as well (Fig. 20).
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Fig. 20. Photomicrograph of the
Gelsunda “pencils”. XPL (X40).

The red horizon containing “pencil-like” desiccation cracks is observed at the base of the
lava flow, which is exposed on the right bank of the river Paravani along the Akhalkalaki-
Khertvisi highway (Fig. 21).

Fig. 21. Natural exposure of the Akhalkalaki red “pencils”.
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Macro- and microphotographs of both Gelsunda and Khando and Akhalkalaki "pencils"
(sizes from 1x2 cm to 3x4 cm) revealed that they do not have correct geometric shapes.
However, on the binocular photo of the Akhalkalaki “pencils”, desiccation cracks on the
surface have certain lecal, though irregular shapes. By observing them, we are convinced that
these cracks are more similar to the cracks formed under the influence of higher temperature,
during intensive evaporation of water, than to jointing (Fig. 22, 1-2-3-4).

According to XRF analysis SiO2/A1203=3,608 and by XRD analysis weakly crystalline
montmorillonite 17.673A, illite10.1A, morencite (nontronite) 12.63; 4.497A, anorthite-
bytownite 3.78; 3.20A, mordenite 9.075; 5.125; 3.363A and goethite 4.281; 3.363A were
identified. In the thin section the Akhalkalaki “pencils” correspond to widely argilized and
limonitized lithic-rich vitric (lithocrystalloclastic-vitroclastic) tuff. Plagioclase and pyroxene
phenocrysts are observed, limonite forms concretions as well as fills micro-cracks, some of

plagioclase crystals are replaced by zeolite (Fig. 23).

Fig. 22. Akhalkalaki “pencil-like” desiccation cracks in hand specimens -1, 3;

2, 4 —in the binocular microscope.
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Fig. 23. Photomicrograph of the Akhalkalaki “pencils”. XPL (X40).

CONCLUSIONS

According to the results of XRF and XRD analysis, the inter-lava red deposits of Khertvisi
I, Tolosi, Khando, Gelsunda and Akhalkalki represent red boluses, i.e. they meet mentioned
above definition of the article authors, according to which they are the products of weak
weathering formed during a short break between two large volcanic episodes as a result of
rapid cooling of hot pyroclastic material in contact with water, and are characterized by small
thickness, and are close by mineral and chemical composition to the original rock. Besides, as
alternation products it must contain smectic clay, zeolites, and iron hydroxides. The reddish,
gray and black horizons of Khertvisi III and Khando represent neither boluses, nor paleosols,
nor laterites, and nor backed horizons. Apparently, these are transitional stage horizons
between fresh pyroclastic rocks and boluses.

In our opinion, the pencil-like shapes observed in the variegated horizons of Khando,
Gelsunda and Akhalkalaki are more similar to cracks formed during water evaporation than to
lava jointing. However, such shapes are found only in fine-grained soils and are not observed in
thick pyroclastic deposits, since the latter represents a non-homogeneous soil. This means that
such shapes originate not during crystallization and cooling, but due to rapid water loss in clay-
sand soils in an aerated environment under conditions of high temperature — during a process
quite different from the joints’ formation process. Therefore, we think that we should not use
the term "pencil jointing" for pencil-like shapes developed in pyroclastic material, but use the
term "pencil-like" desiccation cracks, or "pencil-like" shrinkage cracks.

According to the characteristics, the red horizon of Kilda should be considered as a hot
contact of two lava flows.

The presented article is based on the initial studies data and is still in progress. The article
authors complete and refine the results of the bolus research, which will be gradually presented

in the form of publications.
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