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We found new diatreme at Khosrov reserve from central part of Armenia (Khosrov
river basin) which has an oval shape; 150 m W-E length and 50m N-S width. Judging
from the mineral composition, petrography and major element chemistry the main
rocks of Khosrov diatreme are vitro- crystallo-lithoclastic tuffs. The tuffs composed
mostly of volcanic glass and have diopside, augite, Ti-augite, accessory (garnet,
zircon, picotite, sphen) and other minerals. Vitro- crystallo-lithoclastic tuffs are cut by
about 2m length trachyandesite dyke in the northern part of the diatreme.

Keywords: vitro- crystallo-lithoclastic tuffs, diatreme, ophiolite, Armenia
Introduction

Diatremes are formed by a range of generally but not necessarily silica-
poor magmas (e.g. Ross et al.,, 2008 report a tholeiitic basaltic andesite
diatreme: Coombs Hills), including wide variety of magma types ranging in
composition from alkali basalts to kimberlites, various ultramafic melts,
carbonatites etc. Alkaline lamprophyre diatremes in Erakh anticline and Vedi
area (Armenia) are Jurassic in age (e.g. Satian et al., 2005 and references
therein), which crop out in ophiolitic (obducted oceanic lithosphere) units of
almost the same age. U-Pb dating on zircon crystals established that
lamprophyres of Vedi diatreme were formed at 182+3My, in extensional
environment of a subduction setting (Sahakyan, 2022 submitted). Alkaline
lamprophyres are not strictly associated with Jurassic ophiolites, but they were
probably located on oceanic lithosphere. The origin of the lamprophyric melts
generated from a mantle metasomatism associated with a mantle plume
described by Stoppa et al. (2013) for alkaline lamprophyres from southern
Tuscany.

Lamprophyres are representing volatile-rich magmas rapidly emplaced in
crustal layer classified on the basis of their mineralogy and chemistry (e.g.,
Rock 1991; Tappe et al., 2005). According to Satian et al. (2005 and references
therein) the first stage of explosion of a multistage formation of the diatremes
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are related to alkaline-basaltic tuffs of holohyaline type, with rare xenoliths. The
first stage of explosive activity was followed by the formation of alkaline
lamprophyres (including xenoliths) and injection of the dykes of comptonites,
monchiquites, basanite and picrobasaltes in Erakh and Vedi areas respectively.
In this paper we briefly describe the geological environment of the
diatreme Khosrov; composition, as well as major element concentrations which
has not been reported so far. The focus of this study aims to outline the petro-
mineralogical features of the rocks that fill the oval shape diatreme.

Geological setting of the studied sections

The new found Khosrov diatreme is situated (39.952108 N, 44.888233 E;
fig.1) on the left bank of the Khosrov river basin. The rocks look dark green and
clearly contrast with the surrounding limestones. The crumbly rocks (e.g. fig.2,
Kh 20/2) are cutted by dyke in the northern part of the diatreme (fig.2, A-19). In
the area conglomerates containing pebbles of the ophiolite complex (ser-
pentinites, gabbro, basalts, radiolarites) are outcrops. Besides pillow lavas
(probably OIB type) intercalated with radiolarites are exposed about 500m
westward from the diatreme. In Vedi area the oceanic crust sequence is covered
by variable thicknesses of pillowed OIB alkaline lavas of Lower Cretaceous age
(117.3+0.9Ma) dated by “°Ar/*Ar method (Galoyan, 2008; Rolland et al.,
2009). Here Santonian sedimentary sequence cover the obducted ophiolitic
rocks, ophiolitic melange and the Cenomanian-Turonian shallow-water carbo-
nates. Khosrov diatreme also is covered by Santonian, Paleocene and Eocene
sedimentary formations, which are onlap deposited on Cenomanian -Turonian
limestones (fig.1).

Material and methods

Immersion method was used to study the mineralogical content of samples.
Heavy and light fractions were separated using Bromoform (CHBr3). Fractions
are studied in immersion Eugenol of different refractive index (Ne= 1.630-
1.520) under polarizing microscope. Whole rock major elements were analysed
in the laboratory of chemistry at the Institute of Geological Sciences of the
Republic of Armenia (analyst S. Mkrtchyan and A. Avetisyan). Analyses were
done according to NSAM (Research Council for analytical methods of research)
instructions.

Petrography and mineralogy

Khosrov diatreme is composed of ocher green (in places bluish green)
crumbly rocks and dyke. Tuffic rocks contain some relatively thin beds mostly
showing plane-parallel stratification in some places. Petrographic features of the
studied rocks are illustrated in fig.2. Based on their textures under the polarized
light microscope the host rocks of diatreme have aphanitic and porphyritic



textures and the principal constituents are lithoclasts, vitroclasts and crystals.
Lithoclasts (L in fig.2) are represented by basalts, basaltic andesites, granitits
and rare by limestones (fig.2,a,c). They are rounded - angular and the contact
with the groundmass is sometimes not clear.

Fig.1. A- Google Earth picture and B-field photo of the Khosrov diatreme. Cn-Cenomanian reefal
limestones, Pg;- Paleocene limestones, Sn- Santonian limestones. The white dash-dotted lines
show the contours of Khosrov diatreme.

Crystals are presented mostly by seriticized plagioclase, rare pyroxene
(fig.2,d,e,f), altered olivine, individual crystals of calcite, large crystalline
leucite, biotite plats and chlorite. Volcanic glass is represented by shards, frills
and irregularly shaped contours (fig.2,a). Discontinuous veins of isotropic
analcime of irregular form also are formed in some places of the thin section.
The volcanic glass matrix is partly replaced by chlorite and hydromica
(fig.2,b).



b Kn20/1

Fig.2. Photomicrographs and field photos of vitro- crystallo-lithoclastic tuffs Kh20/1, Kh20/2,
19-00A, trachyandesitic dyke 19-A from Khosrov diatreme. cl-calcite, Pl-plagioclase, Px-
Pyroxene, v-volcanic glass, L-lithoclast. Plane-polarized light (ppl)- a,c; Cross-polarized light
(cpl)-b,d, e, f.

Dyke consisting of needles of plagioclase (albite) (fig.2f), small quantities
of pyroxenes are present between needles in a volcanic glass matrix. The texture
is trachytic (fig.2,f), phenocrysts of plagioclase are seriticized and ferruginous.
Altered minerals of calcite, zeolite and chlorite were also identified.

Table 1 presents the mineral composition of studied rocks. For minerals
determination used immersion method (see material and methods). Vitro-
crystallo-lithoclastic tuffs are characterized by the occurrence of amphibole
phenocrysts (hornblende, actinolite, tremolite), clinopyroxene (mainly rep-
resents by diopside, augite, Ti-augite), hypersthene, epidote, coisite, pla-
gioclase, mica (biotites), opaque minerals. From opaque minerals, the following
association of mineral phases was found: limonite, magnetite, hematite. Zircon,
garnets, picotite, sphen etc. occur as accessory minerals. Altered minerals
consist of calcite, zeolite and chlorite.



Table 1

Mineralogical composition of vitro- crystallo-lithoclastic tuffs of Khosrov diatreme

fraction

Minerals
19-00A | 19-00 Kh20/2 | Kh20/4 | Kh20/5 Kh20/6
sampl. N
Plagioclase 8% 7% 6% 6% 3% 3%
Weathered and
semi weathered 50% 38% 50% 36% 50% 46.5%
5 minerals
§ Chlorite - - + 1% 0.5%
E Serpentine - - - 7%
f_ln Volcanic glass 42% 55% 44% 50% 47% 50%
Limonite 12% 25% 56% 3% 30% 25%
Magnetite 15% 40% 20% 50% 50% 45%
Hematite % 2% 4% 1% 1% 3%
Actinolite 5% 7% 1% 5% 3%
Tremolite 2% 1% 0,5% 2% 1%
Augite 3% 5% 2% 3% 0,5% 3%
Ti- Augite 3% 1% 0,5% 2% 0,5%
Diopside 26% 8% 3% 16% 0.5% 5%
Zircon 3% 2% 1% 2% 3% 2%
Garnet 3% - 0,5% - 0.5%
g Hypersthene 3% - 2% -
£ [ Epidote 3% 4% - 2% 1%
% Coisite 5% 2% 6% 2% 6%
T Hornblende - 2% 0,5% 4% 0.5% 2%
Bas. hornblende - - - 2% 0,5% 1%
Picotite 2% 1% 3% 2% 2% 1%
Sphen 1.5%
Barite 6% - - - 5,5%
Celestine 2% - - - 4%
Biotite 2% 1%
Chlorite - - - 2% 0.5% 0,5%
Yield of heavy
0,4% 0,3% 0,45% 0,2% 0,2% 0,3%




Table 2
Major elements of magmatic rocks from Khosrov diatreme

Samples| Vitro- crystallo-lithoclastic tuffs dyke

N 19-00 19-00A | Kh20/1 | Kh20/2 | Kh20/3 | Kh20/4 | Kh20/5 | Kh20/6 | Kh20/7 | 19-A

L . 139.952194139.952098 [39.952076 [39.952267 [39.952208 |39.952226 |39.952386 (39.952196 [39.952018 [39.952446
ocation
44.888944 144.889739 |44.889992 [44.88963 |44.888963 [44.888873 |44.888418 |44.888217 [44.887769 |44.889061

SiO2 59.62 | 60.74 | 64.06 | 5635 | 63.35 | 62.18 | 62.12 | 63.64 | 55.56 62.2

ALOs 14.12 | 14.74 | 1292 | 1257 | 1426 | 1480 | 15.71 14.64 | 14.82 | 19.98

Fex03 4.05 2.94 4.03 5.45 4.85 2.79 2.84 255 2.59 3.36

FeO 1.4 1.68 1.96 1.40 1.40 3.08 1.68 1.50 1.82 1.12

MnO 0.04 0.04 0.06 0.06 0.05 0.06 0.10 0.05 0.05 0.04

MgO 4.48 3.96 3.66 4.04 3.36 3.48 3.76 3.28 5.26 0.37

CaO 4.27 4.76 3.92 7.98 3.22 3.70 3.39 4.86 6.68 1.89

Na20 2 2.1 2.20 2.00 2.80 2.30 2.30 2.30 1.60 43

K20 1.7 1.8 1.30 1.40 1.30 1.60 1.60 1.20 1.20 3.1

TiO2 0.49 0.51 0.50 0.53 0.49 0.57 0.67 0.65 0.70 0.23

P20s 0.2 0.21 0.092 | 0.115 | 0.092 | 0.115 0.26 0.25 0.23 0.18

H0 2.15 1.77 0.41 0.60 0.80 0.86 051 0.41 2.34 0.71

LOI 276 3.95 2.97 2.80 2.78 2.66 227 1.52 1.36 1.83

CO2 2.81 0.88 2.07 5.06 1.67 2.16 2.81 3.16 5.80 0.78

> 100.09] 100.08 | 100.15 | 100.34 | 100.42 | 100.36 | 100.02 | 100.01 | 100.01 | 100.09

Na20+K20 3.700 3.90 3.50 3.40 4.10 3.90 3.90 3.50 2.80 7.40

Bulk rock major element geochemistry

Major element data of selected rocks from Khosrov diatreme are listed in
tab.2. Bulk-rock major element compositions are characterized by intermediate
composition SiO, (55.56-64.06 wt.%), Al,O; (12.57-14.82wt.%), MgO (3.28-
5.26wt.%), TiO, (0.49-0.70wt.%), and variable alkalis (Na,0O+K,0) contents of
2.80-4.1 wt% for Khosrov vitro-crystallo-lithoclastic tuffs (tab.2). Na,O
contents of samples are higher than K,O contents.

The chemical composition of the dyke differs from the surrounding rocks
by a higher content of Al,O3 -19,98% and Na,0+K,0 -7,40% , lower MgO-
0.37.

According to the geochemical classification of Le Bas et al. (1986), most of
the samples fall on the fields of basaltic andesite, andesite and dacite, dyke in
trachy-andesitic field (fig.3). The SiO, vs. K,O diagram presents that the most
of the analysed rocks fall on the Medium-potassic and dyke in the High-potassic
fields (fig.3,b).
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Fig.3. (a) Total alkali content (Na,O + K,0) vs. SiO, classification plot for vitro- crystallo-
lithoclastic deposits and dyke (LeBas et al., 1986) and (b) K,O vs SiO2 diagram (Peccerillo &
Taylor, 1976) from diatreme Khosrov.

Discussion and Conclusion

New diatreme (Khosrov) was discovered in an ophiolitic mélange of
southern part of Armenia, which is easily distinctive from the surrounding
deposits by their colour and oval shape structure. Based on the petrography,
mineral paragenesis and major element compositions the rocks from Khosrov
diatremes are classified as vitro-crystallo-lithoclastic tuff probably formed by an
early magmatic explosive phase. Diatreme composed also high potassium
trachyandesite dyke (fig.2,19-A; tab.2), which is the last, or almost the last,
preserved phases of the magmatism.

The material of diatreme is ocherous green crumbly vitro- crystallo-
lithoclastic rocks which contain 50-55% fragments of volcanic glass,
phenocrystes of hornblende, pyroxenes (mostly diopside) and biotite. The
accessories observed are: Fe-Ti oxides (opaque), relicts of olivine, sphene,
barite, celestine, zircon, garnet and picotite. Yield of heavy fraction is about
0,2-0,45%. Diagnostic features related to mineralogy (biotite and/or amphibole
together with clino- pyroxene set in a groundmass which consist of plagioclase,
carbonate, Fe-Ti oxides and glass) is typical of those reported from alkaline
lamprophyres (Rock et al., 1991). Geochemical behaviour of studied rocks
show an enrichment in SiO,, Al,O;, Na,O, K,O and an moderate impo-
verishment in MgO and CaO. SiO, contents of the rocks from Khosrove
diatreme are higher to classify them as lamprophyres. Low LOI (Loss on
Ignition) values 1.36-3.95wt.% most probably are related to secondary
alteration of these rocks (tab.1), resulting in low volatile content.

Acknowledgement: This research was supported by the basic foundation
of the Armenian government.
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MAULNYP UNrSGLASARU 2USSLULELIUD LA YhUSCEUTL
(ZUBUUSUL)

Uwhwljjut L., Unkthwinub ., Udwammi U., Uwhwlnd U,
Zuygpuy buyub U

Udthnthnud

Zuquunwbh JEnpniwliut hungusnid nupndh wpghngnud
(funupny gbnnh wjuqui) dkup hwyntwpbnt) tup tnp nhwnpbdw, npu
nitth oyuwdl nbkup wpldntinphg wplkyp 150 U kplupnipni b 50 U
Jwjunipnit hjniuhuhg hwpwy: Cun dhubpuyuwghtt juquh, wbwnpn-
gnuwbhuyh b hhdtwlwb wwpptph  phdhwlwt fuqdh  Rnupngh
nhuwwnpbduwh hhdtwjut wywnpubpp tkpliuyugdus Eu Jhnpn-pnipk-
nu-hpojuunhl wnidtpny: Smipbkpp Juquus b hhdtwljuind
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hpwphiwhtt wywlinig b yupnibwlnud o nhnwuhn, wdghwn, mhunwi-
wyghw, wpghunp (Untwpwp, ghplnt, yhinunhw, udki) b wy Jhubkpuw-
tubin: Unwn 2 Jd Gpllupnipjudp mpupnhwunbghnuwhtt nuyjut juipnud k£
Jhunpn-pinipbqu-jhpaljjuunhl wum$kpp phwnpbdh hntuhuughte dw-
unuu:

OBHAPYXEHUE HOBOI JUATPEMBI B XOCPOBCKOM
3AIIOBEIHUKE (APMEHMS)

Caaxsn JI., Crenaunsin 7K., ABarsn A., CaakoB A., Aiipanersin A.
Pesrome

B XocpoBckoMm 3amoBeHNKeE, PAcTIONOXEHHOM B LIEHTPaIbHON YacTH Ap-
MeHnH (bacceiiH pekn X0cpoB), HAMH OOHapy)KeHa HOBas AUaTpeMa, HMeEroIast
oBanbHYIO (opmy. [InmmHa ee 150 M ¢ 3amama Ha BocTOK mpu mupuHe 50 M ¢
ceBepa Ha tor. Cyzs o MUHEpaJIbHOMY COCTaBy, ETporpadguu 1 XUMHYECKOMY
COCTaBY IJIaBHBIX 3JIEMEHTOB, OCHOBHBIMH NOpPOJaMH XOCPOBCKOH JUATPEMBI
SIBIISTIOTCSL BUTPO-KPUCTAIIO-TUTOKIAcTHYeCKHE TY(Qbl. Tydbl CIOXKEHBI B OC-
HOBHOM BYJIKAHUYECKHM CTEKJIOM M COJCp)KAT IUOICHJ, aBTUT, TI-aBIUT, aK-
HeccopHbie (TpaHaT, IUPKOH, MUKOTUT, cheH) u apyrue MUHEpanbl. TpaxuaH-
JIe3UTOBasl AaiiKa MPOTSHKEHHOCTBIO OKOJIO 2 M IPOPBIBAET BUTPO-KPUCTAIIIO-
JIUTOKJIACTHYECKHE TY(BI B CEBEPHOM YaCTH JUATPEMBI.
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