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ABSTRACT

The deposit of dawsonite and realgar—orpiment in the Koman area, northern Albania, is aligned along the NE-SW-trending
tectonic linejoining the Krasta—Cukal and Mirdita structural-tectonic zones. The deposit contains the following main paragenetic
assemblages: i) marcasite — greigite (Fe-sulfide stage), ii) stibnite — realgar — orpiment (As-Sh-sulfide stage), iii) dolomite —
cal cite— dawsonite— aragonite — barite— gypsum (carbonate-sul fate stage), iv) native As—gibbsite (supergene stage). There was
lithostratigraphic control of mineralization; carbonate-rich wallrocks reacted with the mineralizing fluids emanating from a bur-
ied magmatic body and migrating along Albanian transversal faults, rather than argillaceous lithotypes. Values of 5180 and 313C
indicate that dawsonite and hydrothermal dolomite are derived at the expense of carbonate rocks, which occur extensively in the
stratigraphic sequence of the host rocks. The water:rock ratio during the carbonate-sulfate stage of deposition was probably
small. Moreover, oxygen and carbon i sotopi ¢ exchange during metasomatic transformation of therocks, recrystallization and late
involvement of groundwater, probably all occurred. The sulfur involved in realgar and orpiment deposition may be of magmatic
origin, and there was enrichment of heavier S during late hydrothermal processes. Both marcasite and greigite have low Co/Ni
values reflecting low-temperature conditions during their formation; the amount of As in the fluids was relatively high during
both Fe- and As-Sb-sulfide stages of deposition. The wallrocks were the source of Al and Nainvolved in dawsonite deposition.
Al, Na, K and Si were the elements most effectively leached from rocks during hydrothermal alteration.

Keywords: dawsonite—realgar —orpiment deposit, chemical compositions, stableisotopes, ore genesis, Koman, northern Albania.
SOMMAIRE

Le gisement de dawsonite et de réalgar—orpiment de larégion de Koman, dansle nord del’ Albanie, est développé lelong de
|"axe tectonique NE-SO reliant les zones de Krasta-Cukal et Mirdita. Le gisement contient les assemblages paragénétiques
principaux suivants: i) marcasite — greigite (stade des sulfures de fer), ii) stibnite — réalgar — orpiment (stade des sulfures de As—
Sb), iii) dolomite — calcite — dawsonite — aragonite — barite — gypse (stade des carbonates—sulfates), iv) As natif — gibbsite (stade
supergene). Lalithostratigraphie aexercé un contrdle sur laminéralisation; lesroches-hotes carbonatées ont réagi avec lesfluides
minéraisateursissus d'un massif magmeatique enfoui et migrant lelong defailles transversal es al baniennes plutdt que les roches
argilleuses. D’ aprés les valeurs de 880 et de 8°C, la dawsonite et la dolomite hydrothermale ont été dérivées des roches
carbonatées, qui sont répandues dans la séquence stratigraphique de I’ encaissant. Le rapport eau:roche au cours du stade des
carbonates—sulfates était probablement faible. De plus, il y aeu échange des isotopes de |’ oxygéne et du carbone au cours de la
transformation métasomatique, une recristallisation et uneimplication tardive de |’ eau des nappes souterraines. Le soufre présent
danslaformation du réalgar et del’ orpiment pourrait avoir une origine magmatique, et il y aeu un enrichissement tardif en soufre
pluslourd. Lamarcasite et la greigite possedent de faibles valeurs de Co/Ni, qui témoignent des conditions de faible température
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lorsdeleur formation; laquantité d’ arsenic danslaphase fluide était rel ativement élevéel ors des stades de déposition des sulfures
defer et de As-Sh. Les roches encaissantes étaient la source de Al et de Naimpliqués dansladawsonite. Ce sont Al, Na, K et Si
qui ont été les plus effectivement lessivés des roches lors de I altération hydrothermale.

(Traduit par la Rédaction)

Mots-clés: gisement de dawsonite — réalgar — orpiment, compositions chimiques, isotopes stables, genése du minerai, Koman,

nord de I’ Albanie.

INTRODUCTION

The hydrated carbonate dawsonite is considered to
beacomparatively rare mineral (e.g., Wopfer & Hocker
1987). Dawsonite was discovered in Montreal, Canada,
on the campus of McGill University and the east-south-
eastern slope of Mont Royal. In its type locality, it oc-
curs as aggregates of acicular to fibrous crystalsin the
joints of atrachyte dike cutting limestone (Harrington
1874, 1878, Graham 1908, Frueh & Golightly 1967). It
also occursin several sedimentary sequencesin various
depositional environments: i) associated with eruptive
rocks (e.g., Hay 1963, Malesani & Vannucci 1974,
Heritsch 1975), i) not related with magmatic rocks (e.g.,
De Michele et al. 1965, Goldbery & Loughnan 1970),
iii) derived but not directly associated with magmatic
rocks (Baker et al. 1995), and iv) related to hydrother-
mal mineralization (e.g., Pelloux 1932, Smith & Milton
1966). Koman, in northern Albania, is the only occur-
rence reported so far of dawsonite in association with
realgar and orpiment.

Geological, geochemical and isotopic information
about the Koman dawsonite and realgar—orpiment de-
posit isscarce (e.g., Pelloux 1932, Grazhdani & Bushati
1983). In this paper, we describe the features of the daw-
sonite, and report on the stable i sotope data and major-
element composition of the main mineralogical phases
and carbonate-bearing wallrocks associated with the
mineraization. An attempt is made to define the main
processes that contributed to the formation of the de-
posit.

GEOLOGY AND MINERALIZATION
Main geology

The dawsonite and realgar—orpiment deposit in the
Koman area (Fig. 1) is located along the course of the
river Drin, about 15 km north of the town of Puka. The
occurrences are aligned along the NE-SW-trending tec-
tonic line joining the Krasta—Cukal (footwall) and
Mirdita (hanging-wall) structural-tectonic zone
(Grazhdani 1987, Grazhdani et al. 1989).

The Mirdita zone, near the deposit, consists of Tri-
assic limestone with lenses of chert, argillaceous schist,
sandstone and volcanic rocks, ultramafic rocks (Juras-
sic), and the volcano-sedimentary series of the Mirdita

ophiolitic complex (Triassic-Jurassic). The Eastern
Ophiolitic Belt of Mirdita is well known in the litera-
ture, as it hosts many chromite deposits, representing
one of the most important mineral commodities of Al-
bania.

The Krasta—Cukal zone, aso near the deposit, con-
sists of a sequence of terranes composed of cherty lime-
stone and radiolarite (Jurassic to Lower Cretaceous),
limestone (Upper Cretaceous) and carbonate schist,
sandstone and conglomerate (“Xhan Flysch”, Upper
Cretaceousto Lower-Middle Paleogene). Granitic rocks
are particularly widespread in the Levrushku (Jurassic?
Cretaceous?) and Fierza—Poravi areas (Middle Jurassic),
about 25 km northeast of Koman (Xhomo et al. 2002).
Theseterranes define an anticlinorium with asouthward
dip.

The occurrences of dawsonite and real gar—orpiment
studied here outcrop mainly near the Shkodra—Pec re-
gional alignment (Fig. 1), being deposited mainly within
the marlstone, argillaceous schist, carbonate and sand-
stone of the Xhan Flysch of the Krasta—Cukal area, and
subordinately within Triassic argillaceous schists of the
Mirditazone. The mineralized areahasaNE-SW to E—
W trend with a 60—-70° dip ranging from southeast to
south. At Dushman, about 10 km northeast of Koman,
in the vicinity of the mineralized area, volcanic rocks
(mainly dacite-andesite) also are exposed; these rocks
occur as olistoliths of Middle Triassic age in the Paleo-
gene flysch.

The deposits of dawsonite and real gar—orpiment
preferentially lie within carbonate-rich layers up to 30—
50 cm thick, in some cases cutting across cleavage sur-
faces, and outcrop in abelt of about 3 X 0.5 km by 300
m thick. The dawsonite-rich horizonis500 X 100 m by
20 m thick (Leka et al. 1997). The estimated potential
reserves of dawsonite are 2 X 10° tonnes at 10-15%
average grade in the carbonate wallrocks, and 5 x 106
tonnes at 5% average grade in the sandstone occurring
in the Xhan Flysch formation (Borova et al. 1991).
These occurrences were deposited mainly between
argillaceous schists and the marlstone — argillaceous
schist — carbonate — sandstone formation, and show two
main forms: i) dawsonite associated with realgar—
orpiment, and ii) dawsonite as the only ore mineral.

Inthe Dinarides, it isworth noting that the main As—
Sb-TI-Au mineralization isthe Alsar deposit (Jankovic
et al. 1997) in the Kozuf district (former Yugoslav Re-



THE KOMAN DAWSONITE AND REALGAR—ORPIMENT DEPOSIT, ALBANIA

415

guni

Jlie e\l

ORIN RIvER (

Murges Mt

= I Levrushku
YA

waces Mt.”

L D(i[n

s

| km

LT

L9

Fic. 1. Geological sketch-map of the Koman region. Krasta—Cukal zone: 1) Xhan Flysch (Upper Cretaceous — Lower-Middle
Paleogene), 2) limestone (Upper Cretaceous), 3) cherty limestone (Upper Jurassic — Lower Cretaceous); Mirdita zone: 4)
granite (Jurassic? Cretaceous?), 5) vol cano-sedimentary series (Triassic-Jurassic), 6) ophiolitic formation (Jurassic), 7) lime-
stone and argillaceous schistswith lenses of silexite (Triassic); 8) stratigraphic boundaries; 9) faults; 10) overthrusts; 11) zone
of realgar—orpiment and dawsonite mineralization; 12) mineralized bodies. Square: area of Figure 5. Insert: tectonic sketch-
map of Albania (ssimplified from Shallo et al. 1985) showing location (black rectangle) of study area. Tectonic zones: Ko:
Korrab; G: Gash; M: Mirdita; K-C: Krasta—Cukal; Kr: Kruja; I: lonian; S: Sazan; E: evaporite diapirs, A: Alps. Sh—Pe:

Shkodra—Pec tectonic alignment.

public of Macedonia, about 120 km southeast of
Koman), whereas the main polymetallic mineralization
is the Trepta deposit in the Kopaonik Massif (Serbia,
about 100 km northeast of Koman). These examples of
mesothermal to epithermal mineralization are closely
linked with local acidic to intermediate-acidic Tertiary
magmatism. Other realgar—orpiment deposits in the
Albanides (Hoxha 2001) have been discovered at
Radomira, Stanet, Preshit, Dipjaka and Bardhe, in the
Korrab Mountains, about 70 km southeast of Koman, in
eastern Albania. None of these deposits contain dawso-
nite.

Minor occurrences of Hg, barite and Pb—Zn-Bawere
found inthe Cukal region, and at Qerret and Levrushku,
further south (Hoxha 2001).

Petrography of the wallrocks
The wallrocks of the dawsonite occurrence mainly

consist of dolostone, principally composed of micro-
crystalline dolomite and ankerite, with subordinate

amounts of quartz and clay minerals, which form mi-
croscopic laminae, causing in places adlightly oriented
fabric in the rock. Realgar, orpiment, dawsonite and
marcasite also occur as disseminations, vugs, small
pockets, and veinlets along cleavage planes of the
dolostone or in transversal fractures. In the latter case,
opague minerals are also associated with quartz, and
dolostone in places shows slight recrystallization of
dolomite, cemented by calcite.

Mineralization has a so affected sandstone and shale,
and to alesser extent, argillaceous rocks and schist for-
mations. The sandstoneis composed of abundant quartz,
feldspar and scarce calcitic cement, whereas the shale
consists of very fine quartz and very thin K-mica and
clay crystalsoriented in the direction of bedding. In both
rocks, the replacement of a primary calcareous mud-
stone matrix containing planctonic microfossils was
observed. The sandstone and shale host only subordi-
nate amounts of dawsonite and associated hydrothermal
mineral phases, forming veinlets cutting across the
wallrocks.
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Mineralogy

In order of decreasing abundance, the mineralized
bodies contain dawsonite, realgar and orpiment, with
subordinate marcasite, greigite and occasional stibnite,
and as gangue minerals, mainly dolomite, quartz (also
chalcedony), with subordinate calcite, aragonite, barite
and gypsum. Native As, gibbsite, arsenolite, pharma-
colite and goethite occur as supergene minerals.

Dawsonite occurs as veinlets and nodular aggregates,
generally associated with early-deposited realgar,
orpiment and quartz within limestone, and shows an
acicular, radially concentric texture (Fig. 2). It also oc-
curs as tabular crystals and radially concentric aggre-
gatesinside rhombs of dolomite and calcite. Gibbsiteis
closely associated with the dawsonite.

Realgar also occurs as veinlets and nodules within
dolostone, marlstone, sandstone and limestone. Near
occurrences of realgar, thedolostoneis generally recrys-
tallized to alarger grain-size (Fig. 2). Moreover, veins
of diagenetic calcite are replaced or cemented by real-
gar, and nodular aggregates of realgar and calcite may
be found within some quartz veinlets.

Orpiment usually occursin association with realgar,
in aggregates cementing the largest crystals of dolomite,
where the latter occurs in veins. The prismatic crystals
of orpiment also penetrate the largest crystals of dolo-
mite, replacing them. Textural relationships reveal that
the aggregates of realgar are surrounded by idiomorphic
crystals of orpiment, but may also include them;
orpiment is also due to the pseudomorphic transforma-
tion of realgar (Fig. 2).

Accessory minerals are stibnite, as elongate crystals
within realgar (Fig. 3), marcasite, greigite and native As.
Greigite, an epithermal mineral, occurs as a primary
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phase in the Koman deposit and, with marcasite, forms
i) round and tabular aggregates and nodules with
banded, concentric, spheroidal (Fig. 3) and fibroradial
textures, disseminated within wallrocks, ii) crystals
within realgar—orpiment (Fig. 4), and iii) small lenses
inside dawsonite. The occurrence of stibnite and greigite
in this deposit had not been reported.

SAMPLING AND ANALYTICAL PROCEDURE

The sampleswe collected are representative of lime-
stone, marlstone and argillaceous rocks within the Up-
per Cretaceous to Lower-Middle Paleogene flysch, and
of the main mineral phases. A first group of wallrock
sampleswas collected at an average interval of 50-200
m (total length about 1 km) along a NW—-SE cross-sec-
tion (A—A in Fig. 5) in the mineralized area; a second
group was collected in a layer of dolostone relatively
enriched in dawsonite and arsenic minerals. Particular
attention was paid to these carbonate rocks, the most
greatly affected by hydrothermal fluids.

Prior to chemical and isotopic investigations, all
samples were examined in polished thin section to es-
tablish mineral assemblages and textures. Confirmation
of the presence of the mineral phases recognized was
made with a Seifert automatic X-ray powder diffracto-
meter (accelerating voltage 15 kV, beam current 30 mA,
Ni-filtered Cu radiation, graphite monochromator, 26
step 0.02°).

Selected samples of the various types of wallrocks
were analyzed by X-ray fluorescence and atomic ab-
sorption spectroscopy after determination of H,O~ and
LOI. Determination of major-element contents of the
main mineral phaseswas carried out by electron-micro-
probe analysis (Cameca Camebax Microbeam, equipped

TABLE 1. COMPOSITION OF THE WALLROCKS OF THE KOMAN DEPOSIT, ALBANIA

KO- KO- mean sd. KO- KO- KO- mean sd. KO-
l-u 1l-u 8n 2-u 12-u 6-n
Is Is Is  marl. marl. marl.

KO- KO- KO- mean sd. KO- KO- KO- mean s.d.
3-u  4-u 10-u 5n 7-n 9
arg. arg. arg. arg. arg. arg.

SiO,wt.%  5.87 203 395 272 871 3493 32.67 338 1.6 28.88
Fe,0; 094 04 0.67 038 097 432 44 436 006 3.1
TiO, nd. nd nd. 04 04 04 O 033
AlO; 22 132 176 062 202 9.68 653 811 223 512
CaO 50.02 53.24 51.63 2.28 47.59 23.72 27.13 2543 2.41 2944
MgO 0.04 042 023 027 095 26 209 235 036 326
Na,0 034 012 023 0.16 047 083 0.77 0.8 004 125
K,0 031 022 027 006 016 165 078 122 062 05
H,0” 0.06 0.12 0.09 0.04 017 03 055 043 0.18 0.52
LOI 39.66 41.56 40.61 1.34 38.52 21.05 25.0 23.03 2.79 27.07
Total 99.44 99.43 99.56 99.48100.32 99.47
Na/K 098 049 0.73 035 263 045 0.88 0.67 031 223

SiO, wt.% 39.48 53.36 53.12 48.65 7.95 543 47.46 56.88 52.88 4.87
Fe,0, 7.54 819 291 621 288 452 739 70 63 156
TiO, 0.56 096 033 062 032 048 0.69 0.87 068 02
ALO; 12.73 17.99 546 12.06 6.29 9.15 1426 143 12.57 296
CaO 11.89 2.64 19.76 11.43 8.57 1336 7.51 571 8.86 4.0
MgO 492 444 115 35 205 228 416 3.18 321 094
Na,0 129 142 096 122 024 133 133 116 127 0.1
K,0 206 373 05 21 162 119 30 32 246 111
H,0~ 04 064 0.2 039 026 029 054 045 043 0.13
LOI 1827 6.44 1597 13.56 6.27 1222 129 7.15 10.76 3.14
Total 99.14 99.81100.28 99.12 99.24 99.9

Na/K 0.56 034 172 087 074 10 04 032 057 037

Symbols: Is: limestone, marl.: marlstone, arg.: argillaceous rocks; s.d.: standard deviation, n.d.: not detected, u: unmineralized, n: near

mineralization.



TABLE 2. ELECTRON-MICROPROBE DATA ON MAIN MINERAL PHASES
PRESENT IN THE KOMAN DEPOSIT, ALBANIA

Dawsonite

ideal: 35.4% ALO,, 21.5% Na,0,
30.6% CO,, 12.5% H,0

mean +sd. n/6 e

ALO, 47.15 +2.17 6 0.05
Na,O 1038 135 6 0.04
CaO 036 +0.15 6 0.06
MgO0 026 +0.08 2 0.05
K,0 0.14 +0.07 2 0.06
As,0, 147 £043 3 0.09
SO, 020 +0.10 6 0.06
CO, 3157 £158 6 210
H,0 921 +375 6

Dolomite (wallrock)

ideal: 30.4% CaO, 21.9% MgO,
47.7% CO,

mean *sd. n/13 e

CaO 3212 £133 13 0.05
MgO 1952 £123 13 0.06
FeO 0.82 £0.55 12 0.05
MnO 038 £030 11 0.05
Na,0 028 +0.06 10 0.04
K,O 015 +£0.02 8 0.06
ALO, 128 £046 11 0.06
Si0, 1.17 +045 10 0.05
CO, 4588 +1.58 13

Dolomite (hydrothermal)

ideal: 30.4% CaO, 21.9% MgO,
47.7% CO,

mean +s.d. n/l10 e

Ca0 3318 £0.12 10 0.04
MgO 1943 +0.88 10 0.06
FeO 130 +£036 7 0.05
MnO 055 £035 7 0.6
Na,O 028 +0.14 10 0.04
ALO, 075 034 9 0.06
CO, 4521 +026 10

Calcite (hydrothermal)

ideal: 56.0% CaO, 44.0% CO,

mean +sd. n/8 e

CaO 5477 +£1.14 8 0.05
MnO 1.22 +£1.00 8 0.06
MgO 036 +£0.10 6 0.05
FeO 072 +£0.06 5 0.07
Co, 43.19 +027 8

Orpiment

ideal: 60.9% As, 39.1% S

mean +sd. n/5 e

As 5775 +145 5 0.12

Sb 1.62 +£0.09 5 014

Se 0.53 +£006 5 0.11

Hg 0.12 +£0.01 2 0.06

Zn 0.17 +£0.03 2 0.08

S 40.12 +0.68 5 0.12
Marcasite

ideal: 53.5% S, 46.5% Fe

mean +sd. n/7 ¢

Fe 4464 £0.72 7 0.06
Ni 215 £0.09 2 0.07
Co 072 +£0.07 2 0.06
As 0.60 +0.09 7 0.11
S 5220 +023 7 0.12

Ankerite (wallrocks)

ideal: 28.0% CaO, 10.0% MgO,
18.0% FeO, 44.0% CO,

mean *sd. n/12 e

CaO 3060 +0.94 12 0.06
MgO 1322 £1.01 12 0.05
FeO 9.64 +£2.60 12 0.04
MnO 053 =040 11 0.05
Na,0 026 +029 10 0.04
ALO, 051 £0.19 11 0.06
PO, 045 £0.06 10 0.05
CO, 4527 =039 13

Stibnite

ideal: 71.7% Sb, 28.3% S

mean +s.d. n/l10 e

Sb 65.59 +£0.87 10 0.13

As 502 +£0.55 10 0.11

Se 0.18 +£0.08 2 0.09

S 28.76 +0.20 10 0.12
Realgar

ideal: 70.0% As, 30.0% S

mean *sd. /16 e

As 68.01 +0.61 16 0.12

Se 0.58 +0.02 16 0.09

S 31.78 +£0.59 16 0.10
Greigite

ideal: 46.4% S, 56.6% Fe

mean *sd. n/7 e

Fe 5515 +332 7 0.07
Ni 032 +0.04 7 0.06
As 0.71 +0.59 3 0.09
S 4236 +234 7 0.10

Note: e is the standard error, expressed as a percentage.
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with three wavel ength-di spersion spectrometers operat-
ing at an accelerating voltage of 15 kV and a beam cur-
rent of 30 nA, with an acquisition time of 10 s on both
peak and background; data reduction with ZAF correc-
tion software). We used natural and synthetic standards:
diopside (SiKa, CaKa, MgKa lines), corundum (AlKe),
albite (NaKa), orthoclase (KKa), synthetic diamond
(CKa), fayalite (FeKa), apatite (PKa), pyrite (SKa,
FeKa), sphalerite (ZnKa), arsenopyrite (AsLa), syn-
thetic HgSe (HgMa,, SelL.a), metallic Mn, Ni, Co (Ka)
and Sb (La).

The 880, 313C and 5*S of selected concentrates of
quartz, dawsonite, dolomite, realgar, orpiment (purity
checked by XRD, >98%) and carbonate rocks were
obtained by conventional mass spectrometry (reaction
under vacuum of selected mineral phases with ortho-
phosphoric acid to extract O and C from carbonates,
hydrofluoric acid to extract O from quartz, and nitric
acid to extract S from As sulfides) and expressed as
5180, 813C and 834S (replicate error of initial value
<+0.20, +0.10 and +0.20%o, respectively) against
SMOW, PDB and CDT standards.

EXPERIMENTAL RESULTS

Tables 1 and 2 show major-element contents of
wallrocks and the main mineral phases, respectively.
Table 3 liststhe bulk chemical composition of the daw-
sonite ore. The 8180, 83C and 84S of quartz, dawso-
nite, dolomite, realgar, orpiment separates and carbonate
rocks are shown in Table 4. The dataand mean calcula-
tions reported in this work are representative of repli-
cate analyses carried out on several samples.

Petrography of wallrocks

The limestone and marlstone near the mineral oc-
currence have higher Na contents than the correspond-
ing unmineralized rocks. The mean Na/K values of the
two corresponding categories are as follows: limestone
2.63 and 0.73 £ 0.35, marlstone 2.23 and 0.67 + 0.31,
argillaceous rocks 0.87 + 0.74 and 0.57 + 0.37, respec-
tively (Table 1). Na/K values are in any case also very
small in comparison with those (10-50) of wallrocksin
other occurrences of dawsonite in various geological
contexts in the world (Hay 1964).

A plot of wallrock compositions in terms of the
(NaxO + K,0) — Al,0O3 — SIO, diagram (Fig. 6) shows
that samples near the mineralized zone fall within a
narrow field included in that of unmineralized samples.
Slight recrystallization by mineralized fluidsthusled to
agreater chemical “homogeneity” of the resulting rock.

With regards to the main mineralogical constituents
of wallrocks of the dawsonite occurrence, dolomite and
ankerite also contain subordinate Mn (x = 0.38 and
0.53% MnO, respectively), Na (x = 0.28 and 0.26%
Na0) and Al (x = 1.28 and 0.51% Al,Ox3). In addition,
the dawsonite contains Fe, Si and K (x = 0.82, 1.17 and
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0.15% of the respective oxides), whereas ankerite hosts
P (X = 0.45% P,0s). A high standard deviation from
mean values reflects differences in composition among
the single grains of both dolomite and ankerite from
wallrocks.

Mineralogy

The dawsonite contains more Al (x = 47.15%
Al,03), slightly more CO, (x = 31.57%) and, con-
versaly, less Na (x = 10.38% Na,O) and dlightly less
H,0 (x = 9.21%) with respect to the theoretical compo-
sition; bulk compositions of the dawsonite ore confirm
these differences. This result contrasts with a single
composition reported by Pelloux (1932), in which daw-
sonite was described as being nearly stoichiometric. The
EPM analyses carried out on the samples studied invari-
ably display the observed high Al content, and confirm
its peculiar composition. Moreover, the dawsonite con-
tains subordinate Ca (x = 0.36% Ca0), Mg (x = 0.26%
MgO), K (x = 0.14% K0), As (x = 1.47% As,03), and
SO; (X = 0.20%).

Both marcasite and greigite have higher contents of
Ni with respect to Co (x = 2.15 and 0.72%; 0.32% and
below detection limit, respectively) and relatively high
As contents (x = 0.60 and 0.71%, respectively).

Realgar shows no significant differences with re-
spect to the stoichiometric formula, whereas in
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orpiment, there is substitution of Sb for As (x = 1.62%)
and subordinate contents of Hg (X = 0.12%) and Zn (X
= 0.17%). In stibnite, there is substitution of Sb for As
(x = 5.02%). Realgar, orpiment and stibnite have sig-
nificant Se contents (x = 0.58, 0.53 and 0.18%, respec-
tively).

Sable isotope data

The unrecrystallized and slightly recrystallized
dolostones have §180 = 39.92 + 1.4 %o and 38.8 + 0.7%o
and 313C = 4.7 + 0.7%0 and 1.4 + 0.3%, respectively
(Table4). The 380 values are high compared with those
of sedimentary carbonates (10 < 880 < 35%.: Veizer &
Hoefs 1976, Faure 1986, Schroll 1984), particularly
with those of marine limestone and remobilized carbon-
ates in the world (28 < 380 < 30%.: Faure 1986),
whereas the 51C valuesfit the range reported in the lit-
erature (813C > 0%o: Veizer & Hoefs1976, Schroll 1984,
Faure 1986; —10 < 813C < +8%0: Ohmoto & Rye 1979;
unaltered marine carbonate: —2.5 < 313C < +2.5%o:
Ripperdan 2001).

The 880 of the selected minerals show a range of
values: dawsonite (X = 43.3 + 0.6%o), hydrothermal
dolomite (x = 39.4 + 0.2%o) and quartz (X = 2.7 + 0.3%o).
The 813C values of hydrothermal dolomite (x = 6.4 +
0.4%0) and dawsonite (X = 5.9 + 0.2%o) show less
marked differences. As previously noted regarding

Fic. 2. Photomicrograph showing textural relationships among acicular, radially concen-
tric and nodular dawsonite (da) replacing realgar (re), in places transformed into
orpiment (or), marcasite (ma) and recrystallized dolomite (do), deposited in dolostone
(ds) of the Koman deposit (reflected light, crossed nicols, 50X).
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Fic. 3. Photomicrograph showing marcasite (ma) and greigite (gr) with spheroidal con-
centric texture, dawsonite (da) and calcite (ca) in the Koman deposit (reflected light,
paralel nicols, 50X).

Fic. 4. Photomicrograph showing textural relationships among realgar (re), orpiment (or)
and stibnite (st) in ore sample from the Koman deposit (reflected light, crossed nicols,
50x%).
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Fic. 5. Geological sketch-map and representative cross-section (A—A) through local stratigraphic succession of the Koman
mineralized area. Krasta—Cukal zone: 1) marlstone — argillaceous schist — carbonate — sandstone formations of Xhan Flysch
(Upper Cretaceous — Lower-Middle Paleogene), 2) limestone (Upper Cretaceous). Mirdita zone: 3) argillaceous schists
(Triassic), 4) limestone (Triassic), 5) vol cano-sedimentary series (Triassic-Jurassic), 6) ophiolitic serpentinite, 7) stratigraphic
boundaries, 8) faults and overthrusts, 9) mineralized zone, 10) real gar—orpiment occurrences, 11) dawsonite occurrences, 12)
sample numbers in section A—A (reported as KO-1to KO-12 in Table 1).
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dolostone, the 8180 values of carbonate minerals are
also dlightly higher than the maximum values of the
range of other sedimentary carbonates in general, and
of recent marine limestone, whereas 31°C are in good
agreement with those ranges.

Quartz has amean 880 value of 2.7 + 0.3%o, which
fits the range of ore fluids associated with some
epithermal deposits (15 < 3180 < 9%o: O’Neil &
Silberman 1974, Casadevall & Ohmoto 1977, Kamilli
& Ohmoto 1977, Hattori & Sakai 1979, O’'Nell & Bailey
1979, Radtke et al. 1980, Robinson & Christie 1980).

Unfortunately, there are few isotopic data on daw-
sonite and associated mineral phases in the literature
(9.8 < 380 < 37.6%0 and —4 < 313C < +4.8%o:
Boussaroque et al. 1975, Baker et al. 1995). The isoto-
pic composition of the Koman dawsonite shows high
values of oxygen and carbon isotopes when compared
with those datain the literature. In fact, in the 8180 ver-
sus 813C diagram (Fig. 7), our samples plot beyond the
field of oxygen and carbon isotope values characteriz-
ing dawsonite that is linked to hydrothermal and volca-
nic processes (Boussaroque et al. 1975, Baker et al.
1995). In the same diagram, we also plot the values for
dolostone and hydrothermal dolomite.

The 53S values of realgar and orpiment have a nar-
row range (X = 6.5+ 0.7 and 7.1 + 0.3%o, respectively).

Discussion

Textura relationships and microscopic features al-
low usto define the following main paragenetic assem-
blages (Fig. 8): marcasite and greigite were the first

SiO
100
,/ \

50 - 50

Na,0 +K,0 Al O

Fic. 6. (NaO + K;0) — Al,03 — SiO; diagram for wallrocks
of the Koman deposit. Dotted and solid lines, and full and
open symbols, refer to samples near mineralized and
unmineralized rocks, respectively. Symbols: ®O: lime-
stone, ¢<: marlstone, and ] argillaceous rock.
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TABLE 3. RANGE OF CHEMICAL COMPOSITION OF DAWSONITE ORE,
KOMAN DEPOSIT

ALO; wt.% 30-37 according to stoichiometry: ~ 35.4
Na,O 15-21 21.5
Co, 35-37 30.6
H,0' 4 12.5
H,0" 0.5-1

TABLE 4. VALUES OF §"0, 8"°C and 3*S FOR SELECTED MINERALS
AND WALLROCKS, KOMAN DEPOSIT, ALBANIA

512‘0 6|3C élrls
%0 %0 %0
Mineral phases
KO-1Qz quartz 2.7 - -
KO-2Qz quartz 2.9 -
KO-3Qz quartz 3.0 - -
KO-4Qz quartz 24 - -
mean 2.7
s.d . 0.3
KO-1D dawsonite 43.7 57 -
KO-2D dawsonite 43.9 5.6 -
KO-3D dawsonite 425 6.2 -
KO-4D dawsonite 43.0 5.9 -
KO-5D dawsonite 43.6 6.1 -
KO-6D dawsonite 42.8 6.0 -
mean 433 59
s.d. 0.6 0.2
KO-1DD dolomite 39.4 6.4 -
KO-2DD dolomite 39.5 59 -
KO-3DD dolomite 39.6 6.2 -
KO-4DD dolomite 39.1 6.9 -
mean 394 6.4
s.d. 0.2 0.4
KO-1R realgar - - 6.0
KO-2R realgar - - 7.1
KO-3R realgar - - 5.8
KO-4R realgar - - 7.0
mean 6.5
s.d. 0.7
KO-10 orpiment - - 7.1
KO-20 orpiment - - 7.3
KO-30 orpiment - - 6.8
mean 7.1
s.d. 0.3
Wallrocks

KO-1Ds dolostone (unrecrystallized) 413 5.4
KO-2Ds dolostone (unrecrystallized) 395 5.1
KO-3Ds dolostone (unrecrystallized) 39.8 42
KO-4Ds dolostone (unrecrystallized) 37.9 39
KO-5Ds dolostone (slightly recrystall.) 39.7 1.5
KO-6Ds dolostone (slightly recrystall.) 38.8 1.8
KO-7Ds dolostone (slightly recrystall.) 38.2 1.5
KO-8Ds dolostone (slightly recrystall.) 393 1.1
KO-9Ds dolostone (slightly recrystall.) 37.9 1.3
mean 39.2 2.9
s.d. 1.1 1.8
unrecrystallized, mean 39.6 4.7
s.d. 1.4 0.7
slightly recrystallized, mean 38.8 1.4
s.d. 0.7 0.3

Note: s.d.: standard deviation.
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mineralsto be deposited by mineralizing fluids (Fe-sul-
fide stage). They werefollowed by quartz and rare stib-
nite and, in turn, by realgar and orpiment, accompanied
by calcite (As-Sh-sulfide stage). Then, dolomite and
calciterecrystallized, after which dawsonite was depos-
ited, accompanied by rare aragonite, barite and gypsum
(carbonate—sulfate stage). During alate stage, native As
and gibbsite formed at the expense of real gar—orpiment
and dawsonite, respectively. Lastly, arsenolite,
pharmacolite and goethite were deposited at the super-
gene stage.

The low concentration of dawsonite and associated
hydrothermal mineral phasesin the sandstone and shale
occurring within the argillaceous and schist wallrocks,
compared to the grade in the carbonate rocks, is prob-
ably dueto itslower permeability, porosity and density
of fractures, and to its lower reactivity, and thus ten-
dency to replacement. There is thus a strong local
lithostratigraphic control by carbonate rocks, which
show avery high reactivity with the hydrothermal fluids.

On the basis of comparisons between mineralized
and unmineralized rocks (Table 1, Fig. 6), we note that

THE CANADIAN MINERALOGIST

Al, Na, K and Si are the elements most effectively mo-
bilized during hydrothermal alteration of wallrocks. The
similar mean and high standard deviation values be-
tween mineralized and unmineralized argillaceous rocks
are due to their relative lack of reactivity and thus,
inability to host mineralization.

Moreover, with regard to major-element contents,
wallrock and hydrothermal dolomite have similar mean
values, showing that hydrothermal dolomite probably
was derived by the leaching of dolomite from wallrocks
by hydrothermal solutions. In terms of minor-element
contents, the lack of K and Si in the hydrothermal dolo-
mite could be ascribed to high dilution with respect to
these elements in the late fluids (Table 2).

In order to interpret the isotopic compositions of the
carbonate minerals at Koman, we modeled our data sup-
posing a hydrothermal system interacting with carbon-
ate-rich host rocks. In these conditions, the isotopic
compositions are the result of isotopic re-equilibration
between hydrothermal fluids and the wallrocks.

As dolomite and dawsonite have §'80 values com-
parable with those of the wallrock dolostone, we do not

O

3'°C %o

CARBONATES

-10 + theoretical
| calcite-CO, curve

a5 ]

HYDROTHERMAL

dolomite

-
-
unrecrystallized
dolostone

s
-
dawsonite

slightly
recrystallized
dolostone

SUPERGENE
CARBONATES

20

25 30 35 40 45

5'%0 %o

50

Fic. 7. Cand O isotope composition of carbonate minerals and rocks of the Koman deposit, expressed as 813C and 880 val ues.
Also shown: theoretica calcite-CO, curve (dotted line, Robinson 1974), field of supergene carbonates (ellipse, Robinson
1974), and reference field for carbonate minerals and rocks from other examples of hydrothermal mineralization (rectangle;
Schroll 1984, Robinson 1974, Rye & Ohmoto 1974). TO: Tanzania, Olduvai Gorge, |low-temperature encrustation; MR:
Mauritania, Richét, both low-temperature — hydrothermal; 10: Italy, Orciatico, hydrothermal; CM: Canada, McGill Univer-
sity campus, hydrothermal; IP: Italy, Piancastagnaio, hydrothermal (Boussaroque et al. 1975); AB: Australia, Bowen —
Gunnedah — Sydney, deep seepage circulation at moderate temperature (Baker et al. 1995).
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consider likely the possibility that oxygen isotope dis-
equilibrium (Cole 1994, 2000, Cole & Chakraborty
2001), observed in many low-temperature (T < 200°C)
hydrothermal ore deposits, gave rise to the high 5180
values at Koman.

The high mean 380 values of the unrecrystallized
and dlightly recrystallized dolostones at Koman fit the
hypothesis of Ohmoto & Rye (1979) about the high
values of these parameters in dolomitized carbonate
rocks. The process of dolomitization of the wallrock
probably caused a relative enrichment in heavier oxy-
gen (e.g., O'Neil & Epstein 1966, Sheppard & Schwarcz
1970, Tan & Hudson 1971) in comparison with marine
limestone, the probable precursor.

Comparing the isotopic compositions of both types
of dolostone, we observe that hydrothermal crystalliza-
tion typically causes alowering of 813C and no signifi-
cant differences in 80 (Fig. 7). Thus, isotopic
exchange took place, with recrystallization of the rock,
asusually observed in other hydrothermally altered car-
bonate areas (Sverjensky 1981). Thisdifferencein 8°C,
about 3%, is relatively small and may be directly re-
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lated, at previoudly inferred temperatures of <75-85°C
for the carbonate stage, to the water:rock ratio which,
consequently, should be small (Sverjensky 1981). Al-
ternatively, these fluids should have quite similar $13C
composition to that of the rocks, perhaps reflecting the
same source of carbon, or low quantities of CO, in
fluids.

Thesimilarity of !0 values among unrecrystallized
dolostone, dlightly recrystallized dolostone, hydrother-
mal dolomite and dawsonite (Fig. 7) fits the hypothesis
of derivation of oxygen involved in the formation of
these two mineral phases from the same source. In
agreement with these considerations, and also taking
into account the order of deposition defined above, the
early-deposited hydrothermal dolomite shows lower
8180 values than those of late dawsonite.

The slightly higher 8'3C values of hydrothermal
dolomite and dawsonite with respect to unrecrystallized
rocks may be due to enrichment in 3C of the hydrother-
mal fluids from which the carbonate minerals were de-
posited, owing to isotopic exchange during dissolution
and consequently mobilization of rocks which, after re-

PRIMARY

SECONDARY

stage Fe-sulfide As-Sb sulfide

carbonate-sulfate supergene

MARCASITE

GREIGITE

QUARTZ (CHALCEDONY) -

STIBNITE -

REALGAR

ORPIMENT -——

CALCITE

DOLOMITE

DAWSONITE

ARAGONITE

BARITE

GYPSUM

NATIVE AS

GIBBSITE

ARSENOLITE

PHARMACOLITE

GOETHITE

Fic. 8. Sequenceof stages of deposition and order of formation of the main mineral phases

in the Koman deposit.
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crystallization, had lower 33C values. Consequently,
the lowering of 83C during dolostone recrystallization
isconsistent with the availability of isotopically heavier
C upon formation of hydrothermal dolomite and daw-
sonite (Fig. 7).

Thereislittleisotopic information on mineralization
in Albania. Furthermore, the high 880 values of the
Koman dawsonite are more akin to those of dawsonite
formed at low temperatures (about 25°C) (Tanzania,
Olduvai Gorge; Mauritania, Richét: Boussaroque et al.
1975, Baker et al. 1995), than those of dawsonite de-
posited by hydrothermal fluids (Italy, Orciatico and
Piancastagnaio; Canada, McGill campus: Boussaroque
et al. 1975) or by deep seepage circulation (Australia,
Bowen — Gunnedah — Sydney: Baker et al. 1995) at rela-
tively higher temperatures (60-70°C).

The oxygen isotopes of the quartz at Koman are
similar to those of fluids associated with epithermal
deposits formed in several continental settings. The
large quantity of isotopic data reported in the literature
includes deposits that occur mostly in theform of veins,
disseminated in subvolcanic, volcanic and sedimentary
rocks, and as replacements of limestone (O’ Neil &
Silberman 1974, Rye & Ohmoto 1974, Taylor 1974,
Casadeval & Ohmoto 1977, Kamilli & Ohmoto 1977,
Hattori & Sakai 1979, O’Neil & Bailey 1979, Sawkins
et al. 1979, Radtke et al. 1980, Robinson & Christie
1980), al situations genetically similar to the case at
Koman.

The 83*Svalues of realgar and orpiment indicate that
S involved in sulfide deposition may: i) have a mag-
matic signature (0 £ 2%o; Ohmoto & Rye 1979), ii) have
undergone late isotopic fractionation with enrichment
of heavier S during hydrothermal processes, and iii)
have undergone late involvement of S from other
sources (e.g., seawater 10-30%o: Schroll 1984).

The relatively high Se contents of realgar and
orpiment (x = 0.58 + 0.02 and 0.53 + 0.06%, respec-
tively) fit the volcanic origin of the sulfur, as Seis a
typical indicator of deposition in avolcanic environment
(e.g., Anderson 1969, Huston et al. 1995). Thus, accord-
ing to textural relationships, the similar 33S values of
realgar and orpiment support the formation of orpiment
both directly from mineralizing fluids and by transfor-
mation of realgar, in any case driven by an expected
increase in S, fugacity. The transformation of realgar
(AsS) into orpiment (As;S3) also made As available to
form the native As found in the mineralization.

The lower Se contents of early-deposited stibnite
with respect to those of late-deposited sulfur-bearing
arsenides are consistent with relative enrichment in Se
of fluids during this late stage of the mineralizing pro-
cess.

Both marcasite and greigite have low Co/Ni values,
reflecting low-temperature conditions during their depo-
sition (e.g., Hawley & Nichol 1961). Therelatively high
As contents of marcasite, greigite and stibnite may be
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due to relatively high contents of As in fluids during
both Fe- and As-Sh-sulfide stages of deposition.

On the basis of the very low Mg contents of calcite,
information about its temperature of deposition was
obtained using the calcite—dolomite geothermometer
(Bickle & Powell 1977), which gave values lower than
350°C. Asregards the As-Sh-sulfide stage, the assem-
blage of stibnite, realgar, orpiment and native Asdefines
temperatures of deposition of up to 75-85°C, as pro-
posed for this association by Migdisov & Bychkov
(1998). Thus, the early Fe-sulfide stage took place at
temperatures above 75-85°C, and the late carbonate
stage included deposition of dawsonite at temperatures
probably below 75-85°C. These ranges fit those
(<60°C) experimentally defined by Besson et al. (1973)
for theformation of dawsonite. Accordingly, the parage-
netic assemblage of As- and Sh-sulfidesis also typical
of the epithermal stage and fits an approximate tempera-
ture range of 200 to 70°C.

Origin of mineralization

The Shkodra—Pec alignment is one of the threemain
Albanian transversal faults (a roughly WSW-ENE
trend) that played a very important role in the geologi-
cal evolution and metallogenetic processes of Albania
These faults cut the Earth’s crust deeply, developed as
transforms (Liassic), overthrusts (Upper Jurassic-Ter-
tiary) and normal faults (Pliocene-Quaternary) in time,
and are till active today. Along and near each of these
faults, epigenetic mineralization of realgar—orpiment,
cinnabar, fluorite, barite, polymetallic and polysulfide,
dawsonite, chrysotile and magnesite occurs. In particu-
lar, the main occurrences of dawsonite in Albaniawere
deposited in the Koman area, along the Shkodra—Pec
fault.

In the Dinarides, the combination of Tertiary
magmatism (intermediate-acidic and acidic, including
alkaline, rhyalitic, trachyandesitic-latitic and dacitic-
andesitic volcanic rocks of Oligoceneto Lower Miocene
age: Gjata & Kodra 1982, Grazhdani 1987) with the
occurrence of high-angle faults and wallrocks receptive
to mineralizing fluids seems to provide afavorable en-
vironment for the formation of many mineral deposits.
Magmatic rocks of this age outcrop in Kosovo (FY RM)
to the east (Grazhdani et al. 1989, Jankovic et al. 1997)
along the Skodra—Pec tectonic alignment. The Algar
As-Sb-TI-Au epithermal deposit in the Kozuf district,
and the Trepta deposit, the most important polymetallic
mesothermal-epithermal deposit in the Kopaonik Mas-
sif region, are both clearly linked to outcropping
subvolcanic rocks of Tertiary age, whereas at Koman
and the Korrab Mountains, this relationship is not evi-
dent.

These considerations, and the information collected
in this study, suggest that a buried magmatic body es-
tablished a hydrothermal-metasomatic system of circu-
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lation of mineralizing solutions, which caused leaching
of wallrocks and then deposition along pathwaysin tec-
tonic contacts. The epithermal to telethermal and
xenothermal features of the deposits fit the presence of
a deep magmatic body. On the other hand, the
Levrushku (Cretaceous? Jurassic?) and Fierza—Poravi
(Middle Jurassic) intrusive rocks and the para-ophiolitic
(Upper Jurassic) and mafic, trachytic-rhyolitic and
andesitic-dacitic (Middle Triassic) volcanic rocks out-
cropping in the Koman region did not cause any hydro-
thermal activity in the study area, as they predate the
Koman occurrences and their host rocks (Gjata& Kodra
1982).

CoNCLUSIONS

The data on the Koman deposit, which oddly fea-
tures dawsonite among its main minerals, suggest the
following conclusions and the most probable genetic
model:

1) The main paragenetic assemblages were: i) mar-
casite — greigite (Fe-sulfide stage); ii) quartz — stibnite
—realgar — orpiment — calcite (As-Sbh-sulfide stage); iii)
dolomite — calcite — dawsonite — aragonite — barite —
gypsum (carbonate-sulfate stage); iv) native As —
gibbsite — arsenolite — pharmacolite — goethite (super-
gene stage).

2) There was an important regional tectonic control
during processes of deposition.

3) Alocal lithostratigraphic control isevidentinthe
carbonate rocks, which show avery high reactivity with
the hydrothermal fluids.

4) The 380 and 5'°C values of dawsonite and hy-
drothermal dolomite suggest a derivation by remobil-
ization from the Koman dolostone.

5) The small amounts of circulating water, reflect-
ing a low water:rock ratio, consequently gave rise to
small-scale isotopic exchange between dolostone and
hydrothermal carbonate minerals.

6) The low Co/Ni values of both marcasite and
greigite reflect low-temperature conditions during their
deposition.

7) The 8%*Svalues of realgar and orpiment indicate
that the sulfur involved in sulfide deposition was of
magmatic origin; therelatively high Se contents of these
minerals are appropriate with the subvolcanic to volca-
nic origin of the sulfur.

8) On the basis of evidence of the magmatic origin
for some of the mineralogical assemblages at Koman
and of the lack of magmatic rocks (coeval to mineral-
ization) outcropping in the area, we suggest that a bur-
ied magmatic body, probably related to the Dinarian
Tertiary magmatism, activated a system of hydrother-
mal circulation.

9) This hydrothermal system is responsible for the
formation of the Alsar, Trepta, Korrab and Koman de-
positswhich, probably, belong to the same metallogenic
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province; consequently, taking into account the
mesothermal -epithermal features of the Alsar and
Trepta zones of mineralization and the epithermal-
telethermal features of the Koman and Korrab deposits,
we also suggest that the latter two deposits occupied a
distal position with respect to the magmatic source.
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