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prgogdnabe ddafirgadmafio  peddendn  beBnepsmillatgeeegaho
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st gugeiol dtemndhadl. Gobegdog obfdgbogds ool
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Bk, . Dl—D: qnl.:ﬁrﬂnﬁh[jnﬂq-n w.al"raaa {Hassan, MeAllister,
1992 daffeennls atigandels amsbedmapndnbognl.

D,=0.76ALO,+2.91Mn0-1.93Na,0+ 195K O-1%,50P,0,;
D,=0.37A1,0,+7.25Ti0,-54.08Mn0-4. 28N 0-0.55K.0+45 8 1P,0,.

arfabingmnmadnl gaemgtio: b gndok; 5= gadali; A= gndob.
dnmbinmn Brdbnda: 1= prafg mnmmas ahgolighe, 2-gmbap-
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R, =451 11(NartK-2(FetTij: By= 6Ca+2MgrAL
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Bab. 5. Rb ={Y+Nd) mnbjfadinbagogeon nagMads (Ponroe el al,
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Preface

Prolonged study of the Pre-Alpine Dzirula Uplift of the Inner Caucasian
Microplate has revealed a wide variety of geodynamic and related ther-
il events. The Dzirula Uplift represents a major core complex, and
vonstraing tectomic and mogmatic mierpretations of the reghon.

The geodynumic evolution of the Caucasion orogen, based on geologi-
wul, paleofacics, paleobiogengraphic and paleomagneiic data, cenlers on

(he chosing of the Tethys oceanic basin ai the end of the Alpine cvele as a

st of collision of the Afro-Armbian and Eastern European plates; The
ler Cougasian Microplate, of which the Dzirula Uplifi is a part, was
sijupted in the inner oceanic portion of Tethys. Field, petrochemical, iso-
e, and geochronological investigation of the gramtoids of the Deinidn
Liplint illustrote continental orust forming processes from upper Protesoso-
b b upper Palensoie. Pan-Adrcan ectono-thermal events correlate with
magma fommation cpisodes. The integrated result of these processes is tha
the rocks of the Dzinals Uplift evolved 1o ultimately resemble typical con-
fincriial crust. The dits reported in this work suppon an imporant role for

“nnntle-derived magmas in the formiation of this continental crust.

The work is based on the interpretation of origmal field, petrographic,
petmochemical and isotopic data of a spectrum of graninid rocks exposed
i the Dtruls Uplift, with additional perspective [rom the existing nch
woienific e

The paper is intended for students and rescarchers in petrology, regional
peology, and tectonics. In addition, since the work is presented m both
Lieorgion and English, it will be uscful for Georgian students snd geolo-
jists in mastering the professional English [snguage. an important condi-
fon for success in scientific research.
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Introduction Paolo, 1981; DePacko et ol,, 1991; Samson and Patchen, 1991) in
e Luchland orogen in the Eastern Australia (Colling, 1996, |998);
i the Meguma lithotectonic zonc in the NE Canada (Clarke et al.,
1002 and in central Asia { Kovalenko et al., 1996; Bor-ming et al.,
A000) have largely supported this view of crustal formation, Gener-
Ay, the rectonic evolution of the Caucasus region is also related to
Aulhisional processes, cpused by the movement of the Arabian plate
o the Eurasinn plate. The Pre-Alpine consolidation of the Dzirula
Lplitt included a wide range of formations that encode the range of
- pocesses that occurred in the region. 1t therefore represents an im-
 purtant object for investigation of Proterozoic to Phanerozoic con-
inental crust evolution. Although well-mapped, there are few iso-
lopie or geological studies of the area (Okrostsvaridze and Clarke,
30013, 2004) We use the geochemical constraints presented in this
paper o further constrain the geodynamic and crust-forming pro-
Weskes in this area.

The Weoproterozoic marks the onset of modem plate tectol
systems, and as such the crust-forming processes preserved
the Pan-African evolution of Gondwana records this critical tif
period (Condie, 2005; Stern, 2008; Rino ot al,, 2008), The ea
tectonie history is frequently overprinted by younger events, b
some of these areas are exposed in basement uplifts within
Alpine orogenic belt. The Dezirula Uplift in the central part of {
Inner Cavcasus in the Republic of Georgia is one of these windo)
It exposes pre- Alpine basement, and contains a wide range of g -:
itoids of different pre-Alpine ages. Geochemical and geo
logieal data provided i this paper helps shed Light on crusi-fio
processas and geodynamics in this critical age range.

Maost continental crust was formed from mantle-derived mag
before Late Proterozore, and most intensively in the mierval of 3
2.5 Ma (Taylor and McLennan, 1985) when the esrth’s crust ¥
divided inio granulite-basic ond granulite-goeissic. Crust formal
at the end of Proterozoic and the Phanerozoic ocourred as a res
of lithospheric thickening, and granite-forming processes I
calized at subduction zones. Here the continental crust was form
as a result of lateral and vertical acerction of island arc comp

and Ar isotope svstematics in the North American Cordillera '
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bl

1. Tecionic Setting

The Cuucasus represents the Northern segment of the

Mediterranean orogen, which is extended over 1200 km bet -l
the Rlack and Caspian Seas, in a NW-SE direction. Currently =
an expression of continental collision between the Arabian ath 3 ] ~
asian lithesphene plates and its location represents the '1 S
segment between the Alpine and Himalayan mobile belts. <
Paleomagnetic and paleochemical as well as traditional geo
cal data indicate that within the occanic basin of Tethys. which x
nrated Afro-Arabian and burasian continental plates, there
atively small continental or subcontinental plates ({terranes) :
.
-
L
-
™

various geodynamic and geological histories (Gamkrelidze, 1

Somin, 1997; Stampfli et al., 2002). During the Law P
Paleoznic and Early Mesozoic, these terranes underwent horisg
displacement within the oceame area of Proto-Paleo- and M
Tethys, followed by accretion and ultimately merging with the
asian continent. The Arabian and Eurasian lithospheric
separated by the Greater Caucasian, Black Sea-Central Trans [:5
casitn, Baibut-Sevanian and fran-Afganian terranes ( '

1997), which m the geological past ropresented island arcs or
crocontinents (Fig. 1), The Black Sea-Central Transcaucasian
rane 15 situnted between the Greater and Lesser Caicasian mig
belts and i traditionally considered as the Inner Caucasian o
sif or Microcontinent. Both Pre-Alpine and Alpine stages are

A

el
Ar

r;}.*';b;“
[ BAl« 717
b= 7ZAs

N

Fig. 1. Tectonic zoning of the Caucasus and sdjacent area on the basis of the termne analysis (Gam-

krelidze, 1997).

i Continental frame of the Mediterranean mobile bell, Torranes: 2 - Greater Cancasian (GCF, 3

- Black Sea-Centrul Transcaucasian (BT, 4-Beilut-Sevanian (BS), 5-Iran-Afganian (1A}, 6-Ana-
inlian (AT); Ophiolite suture (marking the location of small and large oceanic basins): 7-Late

Pre-Cambrian; 8-Paleoroic, 9= Mero-Cenozoie: DU- Dzirala Uplift.
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In the Cambrian, during Pan-Alrican tectonic-magmatic evenis,
several tonalite composition bodies were generated in the LSk
migmatite complex. Lates, in the Upper Palcozoic Variscan fecion-
lsmagmatic events, numercus intrusions of microcline graniies
Were emplaced, and most of the gneiss-migmatite complex trans-
lurmed into granite-gneisses, granite-migmatites and porphiroblas-
e microcline granites.

The northeastern part of the Dzirula uplift containg ophialite
lingments, and is known as the Chorchana-Utslevi Ophialitic Zone
(thmkrelidze et al, 1981), The ophiolites are spatally related to
e gneiss-migmatite complex, and are cut by the Upper Paleo-
ke microcline granites. A detailed study of this unit (Zakaradze
#al, 1998) identified ultra-basic harzburgites that represent melt-
it restites of thelciitic basalt; their Nd model age corresponds (o
HIOE100 Ma. Later study indicated that not anly the Chorchana-
Mislevi ophiolitic zone overthrust, but the whole greiss-migmatite
gomplex overles it m the Dzirula Uplift. Viertical aceretion caused
#ielting of subcontinental sediments and generation of S-type gran-
Hoid melts. During the Vanscan tectono-magmatic events, these
Melts intruded into the obducted gneiss-migmatite complex and
siurated it by granitoid material (Okrostsvaridze, Shengeliu, 1996:
Shengelia, Okrostsvaridze, 1998).

sorved i the Inner Caucasian massif. The Inner Cauﬂs&m..
sif consists of o pre-Alpine crystalline basement, exposed m
Dziruls, Khrami, and Loki uplifts, that is overlain by an .
non-metamorphosed and moderately folded, nearly 1i-km hi
Upper Triassic through Cenozowe h‘ﬂiﬂﬂﬂ—ﬂﬂlmmmr:y COVET,
Dzirula Uplift reflects much a wider and more h:ll:h:nﬂng G
of geological processes than the other pre-Alping termncs, and
also preserved over a larger ared. !

The Drirula Uplift is exposed in the central part of the --_.
Caucasian Microplate and occupies nearly 1200 km’ at thc. e
erosion level (Fig.2), It i$ mainly constructed by Precambnan p

granites; and Upper Triassic hybrid erthoclase gnbbrﬂf- tl?-ic. _:_

Maost of the Dzirula uplift is composed of the gness-migmag
complex. Its protolith is represented by erystalline schistts, _--.:_:.
neisses and plagiomigmatites, which underwent the earliest (Gre
vilian or older) regional metamorphism. The wrinkled res
these rocks, the size of which ranges between one to tens of m .
are found in the Precambrian magmatic quartz-diorite gneiss
Most are represented by metapelstes, which unde:mrml :
metamorphism to biotite-muscovite-gneiss, biotite-sillima >
thoclise and low-temperature garnet-cordierite-orthociase e
{Gamkrelidze, Shengelia, 2003).
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2. Field Relations and Granitoid Petrography

2.1. NeoProlerozoic quartz-dioritc gneisses

The majority of the gneiss-migmatite ¢omplex of the Dairg
Uplift 15 constructed of NeoProterozoie quanz-diorites gneiss
{(~70%%). They are dark gray, medium grained rocks, with occasio

a! plagiceluse phenoerysts (4-5 mm). Mineral compasition include
plagioclase, biotite, quartz, hornblende; secondary minerals includh

K-feldspar, muscovite, chlorite and epidote; accessory mincrals i
clude apatite, zircon, prothite, thorite and ore minerals.

Amphibole (1.5-2.0 mm) is represented by green homblends
and is found in diorites that are in close spatial relation with gl

bro-diorite composition melusions existing in the rocks. K-feldsp

is marely found in quartz-diorite gneisses and are typically repng

sented by xenomorphic cross-hatch microcline graies (1-2
Their metasomatic charmoter was defined earlier by G- Zandze ar
N. Tatrishvili (1959) and later on by K. Chikhelidze (1999),

Quartz-diorite gneisses are characterized by numerous oval it

elusions of gabbiro to diorite composition. Inclusions range be

tens of centimeters 0 one meter and in some cases make 30-359
of the entire exposare, We consider that the inclusions represent

restites of basic mjections, which made swalic protoliths by assi
lation and hybridism.

GRANITOID PETROGRAPHY ™

1.1, Cambrian tonalites and granodiorites

Cambrian tonalities and granodiontes are widly disributed in the
Irarula Uplift. Their largest exposures are in the Macharula snd
Kuvirila niver gorges where they are exposed over a distance of 800
m. In both sections they have magmatic contacts with the rocks
of gneiss-migmatite complex. The host rock undergoes selective
melting and migmatization at the contacts, and biotite gneisses and
migmatite inclusions are found m the tonalite intrusive bodies. Late
Varisean quartz-muscovite-microcling oplite and pegmatite veins
cut each of these features.

The minersl assemblage of unaltered unchanged tonalities con-
ssts of plagioclases (oligoclase) biotite, quartz, and K-feldspar. Ac-
cessory minerals include apatite, zircon, thorite and ore minerals.
A a result of field and petrographic observation we find that tonali-
lies may be the product of anatectic melting of biotite pneisses of
the gneiss-migmatite complex.

1.3. Upper Palenzoic Microcline Granites

Upper Paleozoic microcline granites are widely spread in the
[¥arula outcrop and represent the product of the Varisenn tectono-
mogmatic cvents. The gneiss-migmatite complex is saturated with
numerous mirusions of these granites, In the northern part of the
Dzirula, the largest of these granites is exposed; the Rkvia intrusive
(65 km?) has o lens-like form of NW-SE orientation. The intrusive
is composed of porphyry gramites with idiomorphic K-feldspars.,
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GRANITOID PETROGRAPHY &1

the main mass of which 15 in a medum grained massive structurs
The prianary minerals are plagioclase, K-Feldspar, quartz, bi
and muscovite; sccondary minerals are; muscovite, sericite, chig
rite and epidote: accessory minernls are - zireon, apatite, grothil
monocite and itmenite. The Rkvian intrusive is poor in inclusions
but at the left stope of the river Kvirila in its central part there are T
% 4m sixe biotite-sillimanite unatectic restite. We consider they coull
represent protolith residue of this intrusive. The peripheml arcas o
the intrusive are rich in granitoid pegmatites. The river Buja section
includes pegmatites reaching 1.5 km thick in the contact zone of thi
intrusive.

2. 4. Upper Trinssic Orthoclase Gabbros (Ricotites)

In the eastern part of the Dairuka Uplift, in the Rikotula Rives
gorge, two small intrusives (thickness- 450 m and 250 m) of ortho-
clase gabbro are presented, which cross cut quartz-diorite gneisss
es. Due to their exotic character the investigators called them the
Ricotites. Their contact zones are mtricate because of Alpine te:
tonic processes, but partial melting products are detected in the aps

proximately 2-meter wide contact zong. The penipheral parts of i :

intrusive (60-T0m) ore constructed of hombiénde gabbros which

are gradually displaced by pyroxene-gabbros, Homblende gabbrog
are 4 medium-grained massive rock, the main minerals of which

are: hornblende and pyroxene; plagioclase, biotite and orthoclase
are comparatively moderately; rarely—quartz. Pyroxene gabbros an

i coarse grained massive rock its main minerals are — plagioclase
and pyroxene; homblende and orthoclase rare. Accessory minerals
i Ricotites arc magnctite, apatite, grothite, thorite and ilmenite.

Inclusions of lUem to 70cm diameters cllipsoid leucocratic
quartz-orthoclnze are characteristic of Kicotites, the mumber of
which decreases from the peniphery to the cenire. 'The melustons
fre gradually displaced by orthoclase gubbros, Following the field
work results, we assume that these acid rocks inclusions are xeno-
liths — the product of selection melting which were abducted by the
intrusive on s way of moving. We relate gabbros magma enrich-
ment by orthoclase and quartz 1o these processes.
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GEDCHEMISTRY AND GEDCHROLOGY £

3. Geochemistry and Geochronology
Scventy samples of the Dranula Uphift granitoids were collected
complex isotopic research, Major element, trace and rare earth ¢

composition hiave been defined in cach. Based on the petrographic a
geochemical work, a subset of twenty Tour samples were analyzed §

Sm-Nd, Hb-Srand *Ar-"Ar sotopic svstematics. Sm-Nd and Rb-5
vestigations were camed out of the University of Califomia ot
lsotopic Kesearch Centre, *'Ar-* Ar and magor, trace and rare earth

ment composition determination was done at the biboratories of D

housie University (Canada) (Tab. 1, 2, 3, 4,5.6,7).

4.1. NeoProterozoic Quartz-Diorite Gneiss

Quartz-diorite gneisses have an average Si0). content of 64.08%,
with relatrvely high ALD, (17.86%). In these rocks Ma,O (4. 16%) 15
higher than B0 [ 2.64%) and K O/Na, O=0.64 ( Tab. 1}. Quartz-dio-
rite gneisses are metalumineus rocks (Clarke, 1992) and according
o A/CNK parameter [ 1.07) they are I-type (Chappel, White, 1974)
or H-type ((hybrid) (Castro ¢t al,,1991] granitoids. The D -D, dis-
crimination dingram (Fig.3) is consistent, indicating an [-type.

REE concentration in quartz-diorite gneisses is relatively low,
The tend has weak asymmetry and no expressed Eu minimum
(Fig. 4), which shows that in quartz-dierite gneisses magma did
not undergo significant fractional crystallization. In quartz-diorite
pneisses | pammeter is quite stable ai 0.7044; this low value sug-
gests 3 mantle source for these rocks, In these rocks £, param-
cter varies from = 1.7680% w -2.19501. This shows thal they were
formied From the protolith which had comparatively low Sm/d pa-
rmelers relative 1o chondrite.

The variation suggests that the quartz-diorite gneisses could have
mchuded partial melting or assimilation of older upper crust rock,

The Sm-Nd model age did not show rehable resulis (23762600
Ma, Okrostsvanidze, Clarke, 2003), but these resulls suggest that
the protolith may have been middle Proterozoie formations. More
relinble results were resched by Kb-%r system. Isochrons construct-
il i the three samples of quartz-dionte gneisses comesponds to
itk T4 Ma (Okrostsvandze, Clarke, 2003 ), This result corresponds




GEOCHEMISTRY AND GEDCHROLOGY

CONTIMENTAL CRUST EVOLUTION

" 7 E t ! F = r % F E £ I
u i o 1E igT] £l a1 L] [ £l @l 21 e
ol il L T £L°1 1 90 L] Fa ) i wi LT (| LR
tl £l ¥l Tl 4] @ 11 i il sl Ell ¥l ag
BT FE r WL BLr L o'p i R g F N oL M
LT £rl L ir I GLl L&T i GET £I1T Ll 5T i) Hrel 52
[i 1] &l (i ] wh [ o Ll I LULR ) s I8 .
wi il e r £l L bad 1§ 18 il El I L
K [ ¥ EY ¥ ri 4 | L} 1 * B i iy
ES 14 H Ll EL E¥ 1] IE ] (34 BY e wE
LTS Lo (a1l W Hi T tL £ T 5T Ic 171 b 4]
£ i 91 1T ¥ iZ i £F Tl ot [ 21 el
L Ol | s9H1 'l I'vE | L% ¥y I'L L6 (2 &' L
'l | ESTLT | 1Rl el R FEl L Ll LET 1e £l L' s
CoEl | BEE] ORT | IEE EERI | LELT | wONE | £¥0S | LT 9E ¥l SHIT e
9100 | af's1 | €8°T1 51 iTEl 251 HCE bt ¥ ot | 6991 £l ST A
0sT ol 5E L 0O&FT el OF HAT ElT LDF 19T SLT b
25l 1Lt o8l (L] el Wiy T (111 1z1 & ril 01 T
el | ciss | wsss | £EIL | wiil | kO 05 | LIT1 | 908 | ¥ Ll #kF | woded
Qlaq | §1=2d | 6% | w0 ool | ek | R¥0 | TERO | 16RQ | €140 | ThEA o | apdunng
LRI B TR e T RS R BRI MOLE] -SLenly LR R
ol yipdn pprarer fo fudld) oo e ey
Pl
COET | FELT | £OOU | CLLT skt | oz | iz | ozso| Lis | ooz LisT Loug ]
(N s LIy LT EE LE o Ny FLs] PO=] LBI- il 5]
YKl e | wl % ol i€ FL 1'% oh LT L 7 __n_
ret | | e ] men ] ez eri ]| mi| s v | o ] NN
#io| fta| TCo| wrn &In #in | W e e | 910 it won ‘o'd
Ieh | 8LE| Ll'r| 61FE BT IL¢ e ] TLE | FlE LT BT _..m.‘.z
ITE GEE] S9E | I LY FRI| W8I | /T BET | sTF LI'r we ooy
| £l g |+l o M7 T | 89T LT X TH'E 1y [ELn]
ol | i€o | ko] el a0 | el | oecr | el WZ| L] IR | e
pyo | g0 | Qo0 | Lo ' GOV | BOW | RO ) 20T | L0 Q' LU0 gy,
L | ®ei ] si'1] sSIC 'L Ive ] (0| v | on's| FP El® e ‘o'ad
oF Sl | IS | 1okl | 040 | 6051 | O | HU9L | 690 | £E8°FT | TFEL | LEL] 6Ll ,Eu__r
Lign ) ITo | Log] 950 oo (9] &0 | ewo| LT &80 LED g 4] i
BEIL | BOGL | 6LWL | IODL | STTL | S0 L% | 60000 | ER LY | L0000 | &H'EY | I6'49 T WO
QUL | S180 | o200 | B TR | SR | FFR | TERT | VESCT | E1EO | T1EO 1121 | opdung
3R SETS0IMY RaqipEming SRR AL -Samn Ty BRIy

iraganinard poamiayIgad Fuor ey pEo o ) eorteedos sy s profiuea i e

AL




87

us SL LY 111 s Ly 37 L3 1% 3] [47 o)
& 0 ir ool sOF | L99 Pl | FRE Ol | SEE L 2
1 Li LEY Ir IRE | ¥l fff| vk 188 I6E att A
& L L L L3 L [ ot Ll £ & 75

86100 | W0 | ST | LeF0|  LE0'D | FE0D SOC0 | TEOD [ TEND | PREU | ERO0 O'd

pos | e £x s e g0l s¥l ] el o] o

S'E Te fit'l s Al £ P L | Bl I o] oOEN

L3 LE ITR 'L Okl | EETH RIFLL | ¥TRI EQEL | SA'k1 6941 03

'] thD e L o L I N L R S| 09N

SI0D | LEO0 ] SA00) SEi0| 90| 10| sel'o| 00| ROCO) ITO0) #EI0 ] OUN

o] #x1 vy i) Y] Sis YO0 | Ly on | EL'ie | ‘o

BUHl | 881 | Tlél L33 L ik '? | w6l CAN R g8 | OV

S9N LE0| #6R0 | LIRO |  6RS0 | GETO L'0| TE60 | EIL0] 1960 | 1000 “OLL

GTAS | LRG| LE6k| LE1E| 0BO0C | TITRE| STOS | ¥BGER | TOUS| 0Ok | TOOF s

6TH | RIM LTH 9o scd | Fod ECd | TiH 1TH | OoH g1W | waid

GEOCHEMISTRY AND GEOCHROLDGY

{EIGQEN APy aLio) FAMOEIY U7 (ldd) oo NOsED Amy per (S} SO ol FomRT)

CONTINENTAL CRUST EVOLUTION

res

1o | a0 | swa | ! & 4 d
ol | eun | ore | oo | 90 | e | 090 | s9n | €60 | L0 | §E0 90 '
GL'0 | ZEL | WD | I T BTl woE | weE | 08T | ELU LA o LUri 13
nen I€0 | 8T0 | 60 SF I e A | 8 | 650 | PO [ o
PITT | BETT | 662 | Bl'e | &LT e | &L | LT | OfF | ETE [A-4 e ]

% g0'r | STC | @ al'F Bl L g | 6FL Irs R E SET 7 PO
i a0 | RLO | &1 EES 191 Lo Ll ol w1 ol LE g
I&f | EU'F | al'v | SEX 6% o L] LA | LY | MR | LS s s
O01°ZZ | OTET | 6ULT | 1876k | e | Slak | 69°LE | 6091 | £F it | L6601 | ¥10C =B 1T "™
are | 9L | SUS | PITEL| oie | ESED | &0°00 | VI | o0i0l | I5E | Z19 %] o
LUtE | ER 19 | BAES | 188 | GO0l | S'POT | ROFR | SORE | GE'ER | ELTE | ITEE R ]
(et | aote | soir | oocls | ab'or | PERS | BT | SL00 | S0€k | AL | BELE | ST6E i
o12a1 | s1za | 62a | v2a | za | svza | #v2a | zewa | veea | g1 | 2izd | olea | sdwes

By a0y FOE0 | SATHEAY S-S HRY

i

sapotiedd iy srrs fo fudd) napeos st roa oy
F e




|

R xll'n THER I 1 URHE | ke | RULD | SURlia EERE'N et w68 S
> b k- e e Ewed | O4'L | Lealm | sTHlL0 Tl | SEEFD | OToll e
m HInLR'T- mivi‘o AFECiEm Lo TR sl D | LeLirn ZErl) Wi | ZWERI £erg
m L1 wiHIle oOCiE SFEE | BFO | DAOLD | ISOCLN GLHES] LI | £0911 1=q
m SN
ﬁ LF 5 arFICED i E ] LEEL Ll | HOLD LD LT GE9r | TT0l ElmQ
2 S - agLlra RLETIED BEGC | wak | PROL'D fI0ILh FERET EXTOR | #'Lh Tirg
w L= Bhe110 THTISD LT | WOE | #ROLD | TLROL'D BL5FD I#'LRE | LiT'6% s
4
@ T2 ] PN PN | 085, uﬂﬁwﬂﬁhﬁﬁﬂ
= _ " BN EI e
7T}
:

2y jo g Sidjursy o P (s pay pue S UG gy S wongnoochec poMisay
e

T L T | T 4 [ [ n
L i i | ] 4 £ < L
i | E | o1 L ] L ¥ 5 F ] qd
M 0 ¥ I 0 3 0 z 9 ] 0 ) ug
M £ 9 1l 1 ¥ r £ & r ) 5 qM
It | s El 1 kI il a1 zl Al ol A
b oLk | wst| tos| 6em|  ser| sec| Mc| WT| SiC| ek ke 15
m Bl Lal £zl aEl () 0% It bl i L Ly LR |
Hn. 91 Ll 1] il <l L] ol 1} ol [ (] i3]
m £ 9l is I 0 % % 6E 5 £ £ uz
Z 1£a i | L1 '] 1] [ of ¥l 11 Ly El nJ
m 9l 8 Tk 81 o | i sp| B w| 6k IN
fors 1] 5t L Fi ¥l 1 ¥ ¥l & B PN
5Ll | OpIT Lirl 6ETl 900 rL] L% [ e=L | 210l QET L |
6| siE HEl ] pe| o nol | st ne| son 5t 7]

=



i

GEOCHEMISTRY AND GEOCHROLOGY

CONTINENTAL CRUST EVOLUTION

D2

14

6

-10 -2

-18

I =02 Discrimination disgram (Hassan, MeAllisier, |992) for
the Dizirula Uplift granitoids.
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Tahle 6.
Ixniopic Ages (Ma) of Dzirnle Uplifi Gramitoid and Orthoclave
Grabbroy (Rikistites)
mETTEsErEy V1 nT]
— Kok : Sm-Nd Kb-Sr YAr-"Ar
0L
B G method method method
10 Quartz-diorite 300+5
E ot 1 2370:600 | 68674 s
= ENeIsses (hotice)
: Tunalil:_s and gra- B 538453 SIIIIE&E
P nodioriies {biotite
10 = 30344
= Ml line ies - 351421
= e {biotite]
= 21914
. Orthiclase gabbros {hornblende)
: 2TR48 PARE-H|
1 ) T S 5 B e (Rikutites) 21743
La Co Pr Hd Sm BaGd Th Dy Ho Br Tm Yb La {biotitc)

Fig. 4. Rare Earth Elements diagram for the quanz-diorite gneisses,

tn the enly ofhen result 7264222 Ma (Barthnitski of al., 1990: U-Pb
method). Proceeding from these data and peological evolution of
the region, we can assume that quartz-diorite gneisses protolith was
Mroterozoic subcontinental rocks, formed in NeoProterozoic (6).
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4.2, Cambrian tonalites and gronodiorites
Si0, [67.26%) is higher than in the quartz diorite gneiss,

ALO, is lower (16.16%), In these rocks as compared to quartz-d '.
rite gneisses Na.0) concentration (2.88%) is relatively low but K.

is quite high (3.26%).
Cambrian tonalites are metaluminous rocks (Clarks, 1992)

according to A/CNK parameter (1.22) they are S-rype (Chappel
White, 1974) gramitoids. The D,-D, discrimination diagram (Fig.3)

is consistent, indicatmg un S-type
REE concentmtion is quite high, but with symmetric mrend

(Fig.5). They are enriched in lanthanides, compamtively poor i
heavy REE and weakly expressed Eu mimamum, which shows thal

crystal fractioning was not an imponant process m the developme
of those rocks.

In tonahities | parameter varies from 0,7081 10 0.7082 which i

u typical for the upper crust. The e, parameter ranges from -2.8
o -6.8906; suggesting a strong influence of upper crustal pe
melts. Proceeding from these data, we nssume that tonalities co

have been generated at Late Pan-African tectonic-magmatic evenis

by melting of metapelites of the gneiss migmatite complex.

Rb-Sr isochrons constructed for four samples showed an age of
§38+£53 Ma which comesponds to Cambrian age (Okrostsvaridzey
Clarke, 2004). Biotite samples were also analyzed by “Ar-""Ar meths

ol ave an upper Paleozoic age of 306-+2. Therefore late Va
thermal events caused heated these rocks to greater than 300°C,

o T T AT

la Co FrNd Bm BaGd Th Dy HoEr Tm Yb Lun

Fig 5. Rare Farth Elements diagram for the tonalitics,
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Table 7.

Steps of * Ar-" Ar isotopic dating of tenalite biotites (Sample Dz-32)

Age (Ma)

T30 7

W

12

A4+ 2.3

Lo |
L

pd

3032415

45+ |5

305721

309.3 £2.7

inzis
24247

308.8+2.1

307.7+2.1

0823
308325

M5+

MAarAr
0.017003
LR ]

0.012125
0.01302%
0.013152
0013134
0.012971

0012887
0012817
0.013029
0.013089
013014
0.012993

0006346

WA MAr

0.002453

(.00 483

0.000324

0.000074
0.000027
0.000018

0.000017

0.00001%

(1.00002
O 0000
0.0000035
0.00002 1

.

23

0.001 788

AR AT

0.9

0.19
0.02
(.00
0.0
0.0l
0.01

0.02
.02
0.0
0.01

003
o3

444

A ot (Fe)

438

93

0.8

0.5

0.5

0.3

0.5

1

0.6

o7

518

™ AL (%)

04

| 4
£3

19.4

2l.6

10.4

4.6

33

413

6.3
6.6

56
6.2

1.2

™C

350

600
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50
800
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900

950

10000
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11040
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A3 Upper Paleszoic Microcline Granites

Microcline granites have an average Si0, of 724006, ALD, is the
howest among the Dierula Uplift pranioads (14.95%). Alkalinily
I increased (No 0—3.49; K,0~4.28) and K,(/Na,U parameter is
oqual to .22 which is typical upper crust granitoid data (Table 1).

Upper Paleozoic microcline granites are metaluminous rocks
{Clarke, 1992) and according o A/CNK parameter (1.42) it 18 8-
type (Chappel, White, 1974) granitoids. Thie D -D, discriminstion
liagram (Fig.3) is consistent, indicating an S-type.

REE disiribution in microcline granites (Fig.6) are chamcterized
by sharp asymmetry; they show lanthanides high concentration
und heavy REE low concentration. They have sharply expressed
Eu mimmum, which show that intensive crystal fractionation took
place In magmatic system,

The I has a very wide range, Irom 0.7066T to 0.71460. This
ringe suggests extonsive meorperation of upper crustal rocks, g,
parameter ranges from -2.19589 to +9.36967; it shows that they
were genersted by melting of upper crust rocks, Taken fogether,
the isotopic dotn suggests that the microching granies formed by
anatectic melting of the upper crust.

The Rb-5r isochren (Fig.7) for five samples of microcline pran-
ites corresponds to 351421 Ma. This is Early Carboniferous, cor-
respondingly, the activity appears o be associated with Variscan
lectono-magmanc events. In microchne gramites (sample D2,
D%, Dl 6) museovite isotopic age was determined using “Ar-
“Ar methed which is identical nearly in all samples and on average
equals to 303+4 Ma., which, like the tonalite *Ar-""Ar data, also
corresponds to Late Vanscan
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4.4, Upper Triassic Orthoclase Gabhros (Ricotites).
Rikotite petrochemistry suggested derivation from subduet

related voleanic. Two petrochemical types are distinguishad in the

Ricotites: hybrid and non-hybrid. Non-hybrid Ricotites (R20, R21,
RI3, R26 and R29) represent protolith rocks which were low in REE
ALO,, Fe,0, K.O and high in Ca0 snd MgO composition (table 2)
Hybrid Rikotite (R28 and B29) are rich in REE. A plot of indica
tive Th/La, Th/Sm and Th/YD ratios show higher values for the hy-
brids. Study of the arc gabbros (Okrostvaridze et al., 2002),
Rb-Sr daw are presented in Figure 8; the isochron mude for six

samples shows 211+11 Ma. Crystullization date of this intrusive

A

was approximately the same by hornblende “Ar-"Ar thod whigh
corresponds to 21954 Ma, me and by biotite dating using the sam
method in this intrasive (21743 Ma).

The Rb-Sr isotopic system in rocks 15 closed at 600-700°C; *

“Ar system in hornblendes ol 450-500°C; in biotites 300-350°C,
From this we can conclude that the results are in good comelation
with cach other and indicate Ricotric intrusion took place Upper

Triassie during the Cimmerian tectono-magmatic processes, ap

proximately i the mierval of 210-220 Ma,

GEOCHEMISTRY AND GEOCHROLDGY
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5. Summary of Geochemistry Findings

The peodynamic regime of formation of the Dzirula Uplift pranit-
oids can be assessed with the R -R, discomination diagram (Fig.9),
quartz-diorite gneisses figure points are located within Pre-Flate
Collision granitoids field, while tonalites and microcline granites -
within the Syn-Collision. Approximaiely the same genetic picture
was shown by Rb-(Y+Nb) diserimination disgram. Quartz-diorite
gnetsses are Jocated within the voleanic arc granite Ged on this dis-
gram, while toralities and microcline granites — within syn-colli-
siom granite field (Fig. 100, On the Y-Nb diserimmation diagram all
figure points of the DU pranitoids are located within sin-collision +
voleanic arc granitoids field (Fig. 11

The petrochemical mvestigation camied out showed, that the
Dezirula uplitt granitoids are genetically different from each other.
Caartz-dionte gneisses belong to metaluminous 1-type gramites,
which were formed in the voleanic are peodynamic regime and n
which magma crystal fractioning did not tnke place.

Tonalites and microcline granites represent petrochemically sim-
ilar formations and belong 1o S-type paraluminous granites, which
were formed at syn-collision stage evolution of the orogen. In to-
nalite magma chamber crystal fractioning was weak. while in mi-
crocling granites this process was intensively expressed.

On the €., and I, disgram quartz-diorite gneiss figures points se-

tuglly do not appear in the field of erust formations and only tonalite

1- Mantle Fractionates

2- Pre-Plate Collision ‘

2000 3 - Post-collision Uplift -
4 - Late Orogenic F
:-Swﬂulﬂlim :

1500 o . y &
o 3
1000 2 &
3 it

500 4 6::.|_|=I-+ .
5 ;

I] ?I

0 300 1000 1500 2000 2500

Ry

Fig. 9. R -R, discrimination diagram (Bachelor, Bowden, 1985) for the
Diirula Uplifi granitods.

R, = 45i-11(Na+K-2(Fei Ti): R= 6Ca+2Mg+ AL

Conventional signs are identical to fig, 3.
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Fig. 10, Bb Y+ Nd) discrimination disgrem (Pearce el al., 1984) for the

Dirzirula Uplift granitoids.

SCG —Syn-collisonal granites; VAG —Voleanie are pramites; WPG
~Within-plate granites; ORG — Ocean ridge granites.

Conventional signs are identical 1o fig. 3.
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Fig 11 Y=-Nbdiscrimination diagram (Pearce et al..1984) for the Drzinula
Uplift granttoids,

500+ VAG= Syn-collisional granites +Velcanic are gronites,
WPG —Within-plate granites; ORG — Ocean ridge grnites,

Canventional signs are identical 1o fig. 3.




06 CONTINENTAL CRUST EVOLUTION

10

L] ’m
S
III'II|'1|I'|-TI'II!III!IJI-I LU LA TTAN
o2
+
+

Upper crust
-15 ‘f\
-20
_ﬁ Il i i i I L L L 1 I L i L i I i L J
0,700 0.705 0.710 0715 0,

L

Fig.12. ¢, - I, izotop diagram for the Dziruls Uplift granitoids.

Comventiomal signs are wentionl of fg. 3.

GEOCHEMISTRY FINDINGS 1w

anid microcline figure poimnts follow the upper crust trend (fig.12).
i, - Inrtuzive age (Ma) relation diagram shows clearly that all the
granitoid figure points investigated by us are located in the field of
Phanerozoic crust (fig.13), which clearly shows, that the DU conti-
nental erust is Phanerozoic formation. According to granitoid petro-
genetic types, isotopic age and £, , parameters it should be treated as
typical Tethyside or collisional orogen by Windley (1996).

Using J. Bor-ming et al., (2000) method, we tried o caleulate
the share of mantle component o the investigated granitonds. The
result showed (hat in quadz-dionte gneisses the préesumable share
of the mantle component is within 50% on average. Mantle compo-
nent 15 quite high in other granites. [t is evident, that i granitoids of
the Dzirula Uplifi the mantle component share 15 much higher than
wi suppused before,
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GEOYNAMIC EVOILLITION 1]

6. Geodynamic Evolution of the Region

The peodvnamic evolution of the Caucasian orogen, based on
peological, peochemical paleofacies, paleobiogeographic and pa-
leomagnetic data, centers on the closing of the Tethys oceanic hasin
at the end of the Alpine cycle as o reésult ol collision of the Afro-
Arabian and Eastern Furopean plates (Gamkrelidze, 1991, 1997
Stampfli, Borel, 2002, Raumer et al, 2003). The Inner Caucasian
Microplate, of which the Deirula Uplift is a part. in these mod-
els is treated 8s & microcontinent, {sland arc or rertane, which was
situnted in the inner oeeanic portion of Tethys. lis genctic relation
with wny of the continental plates is not well understood. The new
tectonic, petrogeochemical and isotopic duta obtamed from the
Dizimuls Uplift gave us an opportumity to constrain the relationship.

Relving on existing imformation ond the data in this paper sug-
gests, that the Dzirula Uplift represents a vertically accretion struc-
ture which s constructed of two large formations: Gondwana-
derived gneiss-migmatite complex (upper) and ensialic island arc
{lower) (Fig.14)

The interrelation of granitoid penetic types and the geodynam-
1¢ evolution of the region support this struciure, In addition, the
greiss-migmatite complex is similar to the Arabian Plate North-
emn edge in age, composition and construction (Marzouki, Fyle,
1979; Abdel-Fannh, Doig 1989, Kroner, Stermn, 2008). These au-
thors indicate that the Northern part of Arabian Plate, simated to
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the south of the Inner Caucasian Microplate, represents a mo
of microcontinents which were connected by Pan-African tectono-
magmatic events. Most are charaeterized by similar compositio Ef
and tectonic development history to the Dzirula gnerss-migrmatite
complex. The intensive injection of the mantle material, metamor-
phism, ulramemmorphism and granite-forming processes were :,'
the same character and ook place in the intervals of 700-450
The Pun-African tectono-magmatic events at this time are charag-
terizedd by a transitional regime, namely, the older inner plate pro-
cesses are substituted by younger { Phanerozoic) plate edge regimes
(Kraus, 1982). Our dats indicates that the pneiss-migmatite com-
plex is likely a Gondwana-derived terrain, part of, but sn:parumd
from the Arabian plate northemn edge during the opering of the
Pualaco-Tethys Sea.,

Deep drilling conducted 10 the south of the Deirula Uplift shows
voleanogenic sedimentary cover formations to the Drirula gneiss-
migmatite complex { Nadareishvili, 1980}, which is further evidence
of the Southern ongin of this complex.

CONTINENTAL CRUST EVOLUTION Wi

7. Granitoid Melt generation
and Continental Crust Evolution

This work has identified four distinct granitoid types in the Dir-
ula uplift, including their spatial relationships, intrusion history and
ages, These data, combined with an understanding of the regional
peodynamics, provides an understanding of granitoid melt genera-
tion and the evolution of the continental crusi in the Dzirula Uplift.

The Proternzoic gneiss-migmtite complex is the most widely
distributed, and occupies the upper plate of the structure. This umit
is composed of quartz-diorites gneisses of | or H-type gramtouds.
In keeping with their relatively primitive composibion, these rocks
have low REE concentration and no Eu anomaly, In tectonic dis-
crimination diagroms, rocks from this umt plot in the pre-collisional
and voleanic are granitoids field. The avernge isotopie parameters
of these rocks (1, =0.7044.10,0066; &, = -1.976692 ) show that they
belong to “immature™ crust with a mantle component of up to 50
percent. The migmatite complex appears to have formed by partial
melting of a subcontinental lithosphere by mantle-derived magmas.
The age of quartz-diorite gneiss erystallization is 686474 Ma (Rb-
Sr method), which corresponds 1o the Early Pan-African tectono-
magmitic events.

The tonalites have a crystallization age of 538433 Ma (Rb-5r
age) which corresponds to Late Pan-African (eciono-magmil-
ic events, The tonalites are more evolved than the gneiss, being
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pemluminous 5 type granitmds with gher REE concentrations
The tectonie discrimination diagrams indicate the syn-collisionl
granite field. The isotopic composition of the tonalites indicates.
greater upper ¢rustal character compared to the gneiss migm
complex (I, =0.7087=0.0011; e, =5.762702).

The microcline granites have an age of 35142 Ma (Rb-Sr meths
od), corresponding w the Variscan tectono-magmatic events. The
gnetss migmatite complex is intruded by the microcline granites
this time. These rocks are much more evolved than either the gneds
mignuatite or the tonalites. The microcline granites are hiotitic-migs:
covite peraluminous 8 type granitoids with higher REE cnnmn.
tion, a Eu-anomaly, and evidence for more exiensive fractional o
tallization. In the tectonic discrimination disgrams the microcling
granites plot in the syn-collision and voleanic aic gramile field
The isotopic composition of the microcline granites also indicutes
o more developed continental crust. The I of these rocks ranges
between 0.70667 and (.71460, and &, from - 2. 19589 10 9.96967,

Thus by the late Vanscan, the crust of the Dairula uplift has
evolved from a primitive composition to one more characteristic of
more evolved contimental crust. This development occurred duri
cycles of tecono-magmatic activity that lasied from the NeoPro-
terozoic to the Upper Paleozoic. As a result of these cycles, the en-
sialic protolith S type Upper Paleozoic microcline granites intrude:
mto the mantle-crust hybrid | type Upper Proteroznic quartz-diarite
uncisses. Based on the gendynamic setting, the gneiss-migmatite
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complex was overthrust onto the protolith of the microcline gran-
ite, and part of the ensimatic terrane subducted under this protolith
(fig.14), This collision led 1o release of water from the subducted
termane thai led (o pamial mehing of the microchine granite protos
lith and formation of the microcling granftes which intruded into
the overlying poeiss. This explanation 1= further supported by the
presence of ophiolite fragments in the northerm part of the Deirols
Liplift.

The fourth gramitoid rock type in the Dzirola uplifi is the o
thoclase gabbros, or Ricotites. The age of the Ricotites by Rb-Sr
methed, the whole rock - 211211 Ma; “Ar-"Ar method homblende
= 21954 Ma: by “Ar-""Ar method biotite is 21743 Ma, The results
madicate, that the Ricotites intruded into the Dizrula uplift during the
Upper Trinssic, corresponding to the Kimmerian tectono-magmatic
events. The Ricotites, according 10 all dote, belong to island are
formations that collided with the Dazirula Uplift area. The Ricotites
contain orthoclase and are potassiom nich. Ledcocratic inclusions
in the Ricotites have mantle-related |, ranging from 0.704976 to
0.705333, The exotic composition of the Ricotites provides further
clues about the development of the Dzirula Uplifi. The Ricotites
appear o have a mantle source, and partial melting and meorpora-
tion Of the potasium-bearing granites or their protolith appear 1w
have led o (he potassium enrichment of the Ricotiles.

CONCLLISIONS 115

Conclusions

Field, petrochemical, isotopic, and geochronological mvestiga-
tion of the granitoids of the Deiruln Uplift illustrale continenial
crust forming processes from upper Proterozoic to upper Paleozoic,
Thae fosrmmtion of the continental crust i this arca was episodic. oc-
curring during three phases ol tectono-magmalic cvents

The datn in this study also constrain the gendynamic hstory of
the Inner Caucasian Microplate. These processes occurred in the
closing process of Palaco-Tethys and the opening of Meso-Tethys,
Within the Dzirula uplift, o Gondwana-derived Neol'roteroreic
gnciss-migmatitc complex s situated obductively on ensialic 13-
land arc. In this Variscan collision-nccretion stricture, the crustal
thickening end released water coused partinl melting of the ensi-
alic island are, thus generating the microcling granites, which in-
trucded the overlying gneiss-migmatite. By the end of this process,
the Dxarula Uplift resembled typical continental crust. Later, in the
Upper Trinssic, the structure was further intruded by potassium rich
gabbros (Ricotites). Later, during the Alpine tectonic-magma pro-
cesses the Inner Caucasian Mieroplate merged with the Euro-Asian
continental southern active edge. Overall, the hisiory indicates an
important role for mantle-derived magmas in the formation of this

continental crust,
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