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The Kyaukse Sabe Taung cop per de posit is lo cated in the west ern mar gin of the Shan Pla teau, cen tral Myanmar. It has es ti -
mated re serves of 1.6 Mt of ore grad ing 3.15% Cu, with ad di tional Ag and Au en rich ment. This de posit is typ i cally hosted by
Mid dle Or do vi cian lime stone of the Wunbye For ma tion and the min er al iza tion is con trolled by the re gional struc tures. The
ore-min eral as sem blage con sists of py rite, chal co py rite, tetrahedrite, chalcocite, covel lite, bornite, na tive cop per, mal a chite,
az ur ite, cu prite, tenorite, sil ver amal gams and Bi-sulphosalts, mem bers of hammarite-aikinite se ries. Gangue min er als are
quartz, do lo mite, an ker ite and cal cite. Sil ver min er al iza tion is rep re sented by acanthite and by sil ver amal gams with a high
con tent of Hg, rang ing from 2.15 to 26.68 wt.%. Sil ver min er als are a re sult of supergene al ter ation of Ag- and Hg-bear ing
tetrahedrite and could in crease eco nomic value of the de posit. Sil ver as so ci a tion is lo cated within the low er most part of the
supergene zone in the de posit, and track ing the re dox bar rier po si tion can help to iden tify parts of the orebody with sil ver en -
rich ment. The d34S val ues of chal co py rite are +5.7 to +10.7‰ and those of tetrahedrite are +1.6 to +1.7‰. 
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INTRODUCTION

Myanmar has more than 70 cop per oc cur rences, in clud ing
world-class high-sulphidation Cu ± Au de pos its at Monywa
(Khin Zaw et al., 2017). The Kyaukse Sabe Taung cop per de -
posit (not to be con fused with the more fa mous Sabe Taung Cu
de posit near Monywa) is lo cated at the west ern mar gin of the
Shan Pla teau, east of the Cen tral Low land of Myanmar (Fig. 1).
Min ing was ini ti ated in this area by the Myanmar kings prior to
1900 and pro duced 150 kg of sil ver (Khin Zaw et al., 2017;
Mitch ell, 2018). Dur ing World War I, adits were made and un -
suc cess ful at tempts to de velop the de posit were un der taken in
the late 1930s (Mitch ell, 2018). Cur rently (2018) in this area,
one Chi nese com pany op er ates small-scale un der ground min -
ing fo cused solely on ex tract ing cop per ores. The Kyaukse
Sabe Taung de posit has es ti mated re serves of 1.6 Mt of ore
grad ing 3.15% Cu, and trench sam pling re sults showed up to

72.86 g/t Ag and 1.6 g/t Au (DGSE, 2013). The de posit is
hosted in Up per Or do vi cian lime stone of the Wunbye For ma tion 
and its ge netic clas si fi ca tion is still de bated with pro pos als rang -
ing from a de formed MVT/Irish-type de posit to a struc tur ally
con trolled orogenic base metal-gold de posit (Khin Zaw et al.,
2017). In this study, au thors are fo cus ing on polymetallic, eco -
nom i cally im por tant min er al iza tion in or der to iden tify car ri ers of
pre cious met als and pro vide the first de scrip tion of min er al ogy
and chem i cal com po si tion of cop per, sil ver and bis muth min er -
als from the Kyaukse Sabe Taung cop per de posit. 

GEOLOGICAL SETTING

Tec tonic po si tion and lo ca tion of the study area on a re -
gional geo log i cal map are shown in Fig ures 1 and 2. Myanmar
can be sub di vided into three prov inces: namely, the West ern
Fold Belt (WFB) in the west, the Cen tral Low land (CL) in the
mid dle, and the East ern High land (EH) or Shan Pla teau in the
east (Maung Thein, 1973). The Kyaukse Sabe Taung de posit is 
lo cated in the west ern mar gin of the Shan Pla teau (Fig. 1A),
which in cludes the east ern Kachin-Shan-Tanintharyi re gion. It
is also known as the Sino-Burma Ranges and rep re sents the
larg est tec tonic unit in Myanmar (Bender, 1983). This de posit
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oc cu pies a small seg ment in the west ern fringe of the Shan Pla -
teau. To the east, the Shan Pla teau, with an av er age el e va tion
of ~1000 m above sea level, is com posed mainly of a thick suc -
ces sion of Up per Pre cam brian, Pa leo zoic and Me so zoic sed i -
men tary rocks. It is sep a rated from the Cen tral Low land by the
Shan Scarps area (Fig. 1B) de vel oped over the Pan Laung
Fault, which is in ter preted as a fold-and-thrust belt (Bar ley et al., 
2003, Bertrand and Rangin, 2003). To the west, they are
flanked by the Mergui Group or Slate Belt, com posed mainly of

terrigenous clastic rocks, which in turn are flanked by a belt of
meta mor phic and fo li ated in tru sive rocks, known as the Mogok
Meta mor phic Belt (MMB) (Fig. 1B). This belt is ~50 km wide and 
com posed mostly of mica schists, gneiss es, mar bles, granulite
and quartz ite with a meta mor phic re cord rang ing from
greenschist to granulite fa cies (Bender, 1983; Mitch ell et al.,
2007). The MMB is par al lel to the Shan Scarp on its en tire
length, but it bends north-eastwards near Mogok (lat i tude
~23°N) on its north ern ter mi na tion. The MMB re sulted from
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Fig. 1. Lo ca tion maps of the study area 

A – po si tion of the Slate Belt and Shan Pla teau in South east Asia; WFB – West ern Fold Belt, CL – Cen tral Low land 
(mod i fied from Mitch ell, 2018); B – sim pli fied geo log i cal map of the area south of Mandalay with lo ca tion of the Kyaukse 

Sabe Taung de posit (mod i fied from Mitch ell, 2018)



meta mor phism caused by em place ment of syn- to late-tec tonic
in tru sive rocks in the East ern High land and Cen tral Low land
(Maung Thein, 1973). The Sagaing Fault, a ma jor strike-slip
right-lat eral con ti nen tal fault and one of the ma jor tec tonic
bound aries in Myanmar (Fig. 1), is lo cated fur ther west of the
de posit. North-east and south of this de posit, the Pa leo zoic
rocks are un der lain by low-grade metasedimentary rocks (Up -
per Neoproterozoic in age) ex posed east of the Kyaukse Sabe
Taung area.

GEOLOGY OF THE DEPOSIT AREA

De tailed field map ping shows that the in ves ti gated area
com prises Up per  Neoproterozoic metasedimentary rocks
(Chaung Magyi Group) in truded by diorite, Lower Or do vi cian
lime stones (Lokepyin For ma tion), Mid dle Or do vi cian lime -
stones (Wunbye For ma tion) and Perm ian-Tri as sic lime stones
(Pla teau Lime stone Group) (Fig. 2; Tin Aung Myint et al., 2014;
Khin Zaw et al., 2017).

The unfossiliferous low-grade metasedimentary rocks of
the Chaung Magyi Group are con sid ered to be more likely of
Up per  Neoproterozoic or Cam brian age, based on de tri tal zir -

con ages (Dew et al., 2019). They are com posed mainly of
slates and phyllites, with mi nor oc cur rences of metagreywackes 
and schists. Diorite (of un known age) in truded into the phyllite
unit lo cated south east from the study area (Fig. 2). Aung Myo
Thu (2014) de scribed the meta mor phism of the Chaung Magyi
Group in the south ern part of this de posit as re gional of
greenschist fa cies con di tions. These rocks are over lain un com -
fort ably by a suc ces sion of me dium- to thick-bed ded micaceous 
siltstones of the Lokepyin For ma tion, des ig nated by Myint Lwin
Thein (1973) as Lower Or do vi cian based on li thol ogy, strati -
graphic cor re la tion and fauna con tent. The Mid dle Or do vi cian
Wunbye For ma tion com prises mainly me dium- to thick-bed ded
lime stones, siltstones and dolomites. The lime stones are finely
crys tal line, grey to blu ish grey, some times oolitic, and with pink -
ish or yel low silty ma te ri als in the forms of bur rows, specks, pel -
lets or ir reg u lar and reg u lar laminae (Myint Lwin Thein, 1973).
The thick se quence of lime stones and dolomites cov er ing the
lower Pa leo zoic rocks of the Shan Pla teau was first named the
Pla teau Lime stone by La Tou che (1913) and this unit is com -
posed mostly of dolomitic lime stone (Fig. 2).

Min er al iza tion oc curs in a lin ear north-north east trending
frac ture or a vein trace able from gos san out crops (Mitch ell,
2018) and hosted by the Mid dle Or do vi cian meta mor phosed
lime stone of the Wunbye For ma tion. Within this unit, bulk of the
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Fig. 2. Sim pli fied geo log i cal map of the Kyaukse Sabe Taung cop per de posit area (mod i fied af ter Khin Zaw et al., 2017)



sul phide min er als is found as dis sem i na tions in quartz veins,
quartz-cal cite veins and in frac tures. The main min er al ized
quartz veins are sub-hor i zon tal and 1–2 m wide. How ever,
some mi nor ver ti cal and youn ger veins oc ca sion ally cross-cut
the hor i zon tal veins. The ma jor quartz vein is gen er ally trending
NE–SW and gently dip ping to the east. It is char ac ter ized by the 
pres ence of polymetallic min er al iza tion com posed of chal co py -
rite, tetrahedrite, mi nor amount of py rite, chalcocite, covel lite,
bornite and ox ide min er als, such as tenorite, cu prite, az ur ite
and mal a chite. Host rocks show subhorizontal to nearly ver ti cal
bed ding. Frac tures and fo li a tion planes in the Kyaukse Sabe
Taung area de vel oped due to tec tonic ac tiv ity (Kyu Kyu Maw,
2014). Tin Aung Myint et al. (2014) pro posed that the min er al -
iza tion of the Kyaukse Sabe Taung cop per de posit was con -
trolled by re gional tec tonic struc tures.

ANALYTICAL TECHNIQUES

This study is based on sev eral sam ples col lected in the un -
der ground mine – adit No. 27 of the Kyaukse Sabe Taung cop -
per de posit, Kyaukse Dis trict, Mandalay re gion, Myanmar. Pol -
ished thin-sec tions were in ves ti gated in both re flected and
trans mit ted light mi cro scopes. Sil ver min er als, tetrahedrite and
Bi-sulphosalt, min er als im por tant from the eco nomic point of
view as a po ten tial by-prod uct, were ana lysed us ing both
SEM-EDS and EPMA-WDS sys tems.

SEM-EDS AND EPMA 

A FEI QUANTA 200 Field Emis sion Gun scan ning elec tron
mi cro scope (SEM) equipped with the en ergy dispersive spec -
trom e ter (EDS) was used to doc u ment tex tures and to carry out
semi-quan ti ta tive anal y ses in or der to iden tify se lected min er -
als, while the microprobe chem i cal com po si tion of min er als was 
per formed us ing a JEOL Super Probe JXA-8230 elec tron
micro probe (EPMA) at the Lab o ra tory of Crit i cal El e ments
AGH-KGHM, AGH Uni ver sity of Sci ence and Tech nol ogy, Kra -
ków, Po land. The elec tron microprobe was op er ated in the
wave length-dis per sion mode at an ac cel er at ing volt age of
20 kV, a probe cur rent of 20 nA, and a fo cused beam with a di -
am e ter of 1 mm. Count ing times of 20 s on peak and 10 s on
both (+) and (–) back grounds were used. For acanthite, the an -
a lyt i cal con di tions were 20 kV ac cel er at ing volt age, 10 nA
probe cur rent and 5 Fm beam size. Count ing times for
Ag-amal gams, tetrahedrite and Bi-sulphosalts were 10 s on
peak and 5 s on both (+) and (–) back grounds. The fol low ing
stan dards and spec tral lines were used: GaAs (As La), Se (Se
La), ZnS (S Ka), Ag (Ag La), HgS (Hg Ma), Bi me tal lic (Bi Ma),
Fe or FeS2, (Fe Ka) PbS (Pb Ma), Au (100%) (Au La), CuS2

(Cu Ka) and ZnS (Zn Ka). Data were cor rected to the ZAF pro -
ce dure us ing JEOL soft ware for elec tron microprobe. The de -
tec tion lim its for ana lysed el e ments were as fol lows: in sil ver
min er als Sb – 0.09%, Hg – 0.20%, Pb – 0.16%, Ag – 0.37%, Cu 
– 0.05%, Fe – 0.03%, Au – 0.08%, Bi – 0.06% and As – 0.14%,
for tetrahedrite S – 0.02%, Sb – 0.07%, Pb – 0.11%, Hg –
0.06%, Ag – 0.02%, Bi – 0.05%, Te – 0.04%, Cu – 0.04%, Zn –
0.04%, Fe – 0.03%, As – 0.01%, Co – 0.04%, Ni – 0.03% and
Se – 0.10%, for Bi-sulphosalts Sb – 0.09%, S – 0.02%, Bi –
0.16%, Ag – 0.05%, Cu – 0.05%, Pb – 0.08%, Fe – 0.03%, Te –
0.03%, Au – 0.08% and Se – 0.15%, re spec tively. Acanthite
stars were iden ti fied dur ing rou tine semi-quan ti ta tive anal y ses
us ing the en ergy dispersive spec trom e ter (EDS) sys tem re lated 
to the FEI elec tron mi cro scope. 

STABLE ISOTOPES OF SULPHUR

A sul phide-bear ing vein, con tain ing chal co py rite and
tetrahedrite, was sep a rated from crushed fresh rock vein sam -
ples and ex am ined us ing a bin oc u lar mi cro scope. Then, seg re -
gated min eral con cen trates were pul ver ized in an ag ate mor tar.
Sul phur iso tope anal y ses were un der taken at the Lab o ra tory of
Pe tro leum Geo chem is try, Fac ulty of Ge ol ogy, Geo phys ics and
En vi ron men tal Pro tec tion, AGH-UST, Kraków. The d34S val ues
were cal cu lated us ing cal i bra tion curves ob tained us ing In ter na -
tional Atomic En ergy Agency’s (IAEA) ref er ence ma te ri als
(IAEA-S-1 and -S-3). The data pre ci sion is ±0.2‰. 

HYDROTHERMAL ALTERATION

At the Kyaukse Sabe Taung cop per de posit, well-de vel -
oped wall-rock al ter ations are a re sult of sili ci fi ca tion, kaolini -
zation, chloritization, carbonatization, dolomitization and hema -
titization pro cesses (Kyu Kyu Maw, 2014; Tin Aung Myint et al.,
2014; Khin Zaw et al., 2017). Ma jor ity of the cop per and sil ver
are found in partly al tered and si lici fied lime stones; there fore,
the type of al ter ation was iden ti fied by petrographic ob ser va tion
of hand spec i mens and thin-sec tions. Sili ci fi ca tion, kaolini zation 
and chloritization were ob served in lime stones of the Wunbye
For ma tion and are closely as so ci ated with the ore-bear ing
quartz-cal cite veins (Fig. 3A–C). Ore min er als are some times
cut by later quartz veins (Fig. 3D–E), but ox i da tion pro cesses
are most pro nounced, re sult ing in supergene min er al iza tion
(Fig. 3E) of ten ac com pa nied by hematitization (Fig. 3F). 

ORE MINERALOGY AND PARAGENETIC
SEQUENCES

The fol low ing ore min er als have been iden ti fied in the sam -
ples: py rite (FeS2), chal co py rite (CuFeS2), bornite (Cu5FeS4),
chalcocite (Cu2S), tetrahedrite (Cu6[Cu4(Fe,Zn,Hg,Ag)2]Sb4S13),
covel lite (CuS), tenorite (CuO), Bi-sulphosalts of the hammarite -
-aikinite se ries, sil ver amal gams, na tive cop per, cu prite (Cu2O),
mal a chite [Cu2(CO3)(OH)2], az ur ite Cu3(CO3)2(OH)2, he ma tite
and goethite. Gangue min er als are quartz, do lo mite and cal cite.
Hypogene ores are com posed mainly of chal co py rite, tetra -
hedrite and bornite, while chalcocite and covel lite are likely
supergene in or i gin, as they oc cur in as so ci a tion with az ur ite and
mal a chite.  

The ear li est sul phide, py rite, is abun dant and oc curs as
idiomorphic and allotriomorphic crys tals, 100–500 mm in size
and en closed in chal co py rite and quartz (Fig. 4A). Tetrahedrite
shows euhedral to subhedral grains, of ten intergrown with chal -
co py rite, and usu ally fills free spaces and fis sures in the host
rocks (Fig. 4B). Chal co py rite is the most abun dant min eral of
hypogene stage, some times with a mi nor amount of bornite and 
tetrahedrite (Fig. 4C). It usu ally forms at the rims of quartz–car -
bon ate veins and com monly shows mas sive ag gre gate forms
(Fig. 4A). Covel lite is a com mon min eral in this de posit; how -
ever, it oc curs only as small blades and ag gre gates re plac ing
chal co py rite (Fig. 4D), mainly in the up per zone of a supergene
ho ri zon in as so ci a tion with other cop per sulphides, na tive Cu,
car bon ates and ox ides. Some op ti cal prop er ties (deep blue col -
our and iso tropy in crossed polars) sug gested also the pres -
ence of digenite, which usu ally forms rim tex tures on ag gre -
gates of tetrahedrite, and chal co py rite (Fig. 4D). Bis muth-
 sulphosalt min er als are as so ci ated mainly with chal co py rite, but 
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oc ca sion ally are ob served as in clu sions and frac ture fill ings in
py rite. Their po si tion sug gests a youn ger stage of min er al iza -
tion (Fig. 4E). Rel ics of na tive cop per are as so ci ated with sec -
ond ary cop per min er als, such as cu prite, tenorite and mal a chite 
(Fig. 4F). 

Chalcocite com monly oc curs as fine-grained and xeno -
morphic ag gre gates, usu ally in mal a chite (Fig. 5A). Fe-ox ides
and hy drox ides (Fig. 5B) are com mon in the ox i dized zones
where az ur ite, mal a chite and sil ver amal gams are found (Fig.

5C–F). Supergene min er als of cop per and sil ver are of ten as so -
ci ated with tetrahedrite crys tals. Sil ver amal gams are in ti mately
re lated to al tered tetrahedrite ag gre gates, some times form ing
ring-type tex tures (Fig. 5D). They are mostly ir reg u lar, more or
less scat tered, and in di vid ual sil ver grains are ~100 mm in size.
The al ter ation rims de vel oped on tetrahedrite crys tals are
well-vis i ble in BSE im ages (Fig. 5E, F). 

Acanthite (Ag2S) was found on the edge of tetrahedrite
grains, sug gest ing it is a late phase formed dur ing the young al -
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Fig. 3. Pho to graphs show ing typ i cal wall-rock al ter ation and hy dro ther mal min er als as sem blages 
in the Kyaukse Sabe Taung cop per de posit

A – well-de vel oped sili ci fi ca tion and chloritization near the ox i dized ore body; B – kaolinization de vel oped along the ore body; C  – 
min er al ized quartz vein in jected into the host rock of Mid dle Or do vi cian lime stone; D – hand spec i men of cop per min er al iza tion in
a car bon ate vein, cross-cut by a late stage quartz vein (coin di am e ter = 22 mm); E – chal co py rite dis sem i nated in a tetrahedrite
vein (coin di am e ter = 20 mm); F – hypogene min er als (chal co py rite and tetrahedrite) with a supergene as sem blage (mal a chite,
he ma tite) (coin di am e ter = 22 mm)
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Fig. 4. Rep re sen ta tive pho to mi cro graphs of ore sam ples

A – inter growth of subhedral py rite crys tals with chal co py rite; B – inter growth of tetrahedrite with chal co py rite along a quartz vein;
C – bornite with chal co py rite, chal co py rite partly al tered to covel lite; D – inter growth of chal co py rite with tetrahedrite rimmed with
covel lite-digenite; E – inter growth of bis muth sulphosalt min er als, hammarite-aikinite with chal co py rite; F – rel ics of me tal lic cop -
per in cu prite, tenorite and mal a chite; Py – py rite, Ccp – chal co py rite, Qtz – quartz, Bn – bornite, Cv – covel lite, Ttr – tetrahedrite,
Dg – digenite, Ham – hammarite, Aik – aikinite, Cu – na tive cop per, Cpr – cu prite, Tnr – tenorite, Mlc – mal a chite
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Fig. 5. Rep re sen ta tive pho to mi cro graphs and BSE im ages of ore sam ples

A – inter growth of chalcocite crys tals in mal a chite; B – box-work tex ture of Fe-ox ides and
Fe-hy drox ides, as an ef fect of ox i da tion; C – sil ver over grow ing a quartz grain as so ci ated
with tetrahedrite; D – re place ment tex tures of an ox ide as so ci a tion com posed of mal a -
chite and covel lite af ter tetrahedrite rimmed by sil ver amal gam; E – al tered tetrahedrite
with mal a chite, pale white are Ag-Hg amal gams (BSE im age); F – po si tion of the Ag-Hg
amal gams in re la tion to tetrahedrite and mal a chite (BSE im age); G, H – acanthite star on
the edge of tetrahedrite (BSE im age); Cct – chalcocite, Mlc – mal a chite, Ag – na tive sil ver, 
Qtz – quartz, Ttr – tetrahedrite, Cv – covel lite, Ac – acanthite



ter ation stage (Fig. 5G, H). The pa ram e ters of elec tron
microprobe beam were too high and it de com posed dur ing
WDS mea sure ments. This min eral was iden ti fied based on op -
ti cal prop er ties in re flected light and was also con firmed by EDS 
spec tra. 

GEOCHEMISTRY OF SELECTED 
ORE MINERALS

SILVER MINERALS

Rep re sen ta tive microprobe an a lyt i cal re sults of sil ver amal -
gams are given in Ap pen dix 1*. The fol low ing el e ments have
been mea sured: Ag, Hg, Cu and Fe, ad di tion ally Au, Sb, Bi and
As were sought but not de tected. The EPMA an a lyt i cal data of
the sil ver grains showed that the con tent of Ag ranges from
73.40 to 98.55 wt.% and Hg ranges from 2.15 to 26.69 wt.%.
Only one mea sure ment point showed chem i cal com po si tion
very sim i lar to eugenite (Ag9Hg2 – Ag11Hg2) (Kucha, 1986). The
compositional ranges of sil ver amal gams are il lus trated in the
Ag-Hg bi nary di a gram (Fig. 6). Elec tron microprobe map ping of
trace-el e ment dis tri bu tion in sil ver grains showed a zonal tex -
ture, with the cen tral part con tain ing an el e vated amount of Hg,
cor re lat ing with a slightly lower Ag con tent (Fig. 7). The
zonation is also vis i ble in the BSE im age (Fig. 7A).

TETRAHEDRITE

Rep re sen ta tive microprobe an a lyt i cal re sults of tetrahedrite
are given in Ap pen dix 2, in clud ing the min i mum and max i mum
con tents of ma jor el e ments, such as S, Sb, Ag, Cu, Fe, Zn, As,
Hg, Bi, Co and Ni. Pb, Te and Se were mea sured but not de -
tected. Tetrahedrites are rather uni form in com po si tion, are not
zoned (Fig. 5E), and no exsolution or mi cro-in clu sions of other
sulphides have been found within them. The per cent age of cop -
per in tetrahedrite ranges from 39.40 to 40.17 wt.% while the Ag 

con tent is up to 0.32 wt.%. The mer cury con tent is not high;
how ever, it is al ways above de tec tion lim its and at the level of
0.08 to 0.18 wt.%. The zinc con tent is rang ing up to 1.90 wt.%
while the Fe con tent is al ways higher, up to 4.53 wt.%, which in -
di cates that the hy dro ther mal fluid was iron suf fi cient. The sul -
phur con tent is be tween 24.65 and 25.25 wt.%.

Bi-SULPHOSALT MINERALS

The bis muthi nite-aikinite iso mor phic se ries com prises a
com bi na tion of krupkaite (CuPbBi3S6) with two end-mem bers of 
bis muthi nite (Bi4S6) and aikinite (Cu2Pb2Bi2S6) (Makovicky and
Makovicky, 1978; Topa et al., 2002; Petricek and Makovicky,
2006). The chem i cal for mula of se ries mem bers is based on the 
sub sti tu tion Cu+Pb « � + Bi (where � is a va cant tet ra he dral po -
si tion), while the em pir i cal for mula is CuxPbyBi8–0.5(x+y)S12 based
on (Cu + Pb)/2+ Bi = 8 at oms per for mula unit, where x is ap -
prox i mately equal to y (Makovicky and Maskovicky, 1978;
Pring, 1989; Putz et al., 2003).

Bi-sulphosalt min er als in in ves ti gated sam ples have been
ob served mainly within chal co py rite and some times also in py -
rite (Figs. 4E and 8A, B). The microprobe re sults are shown in
Ap pen dix 3 and are plot ted in the Bi-Cu-Pb ter nary di a gram
(Fig. 9) of bis muthi nite de riv a tives to com pare with the Beiya
skarn gold de posit (Zhou et al., 2016) and the Yoan gold de -
posit (Zhou et al., 2018) in Yunnan, China.

Bis muth sulphosalts from the Kyaukse Sabe Taung cop per
de posit con tain 43.04% Bi, 10.48% Cu and 29.52% Pb with
naikinite = 87.21 (Friedrichite), 51.92% Bi, 23.47% Pb and 8.15%
Cu with naikinite = 66.45 (hammarite) and 50.74% Bi, 24.80% Pb
and 8.36% Cu with naikinite = 68.86 (hammarite), which are very
sim i lar to the com po si tions of Bi-sulphosalt min er als from
Ferbertal, Aus tria (Topa et al., 2002). The cal cu lated naikinite val -
ues (Ap pen dix 4) range from 66.45 to 88.61 and on the ter nary
plot (Fig. 9) show a con tin u ous se ries be tween hammarite and
friedrichite with grains of in ter me di ate com po si tions be tween
hammarite – friedrichite and fridrichite-aikinite. The Cu:Pb val -
ues are be tween 1.03 and 1.16.  
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Fig. 6. Com po si tion of amal gams in the Ag-Hg bi nary di a gram (based on an a lyt i cal data – wt.%; 
af ter Piestrzyñski and Tylka, 1992)

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/gq.1514 

https://gq.pgi.gov.pl/rt/suppFiles/26183/
https://gq.pgi.gov.pl/rt/suppFiles/26183/
https://gq.pgi.gov.pl/rt/suppFiles/26183/
https://gq.pgi.gov.pl/rt/suppFiles/26183/
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DC

Fig. 7. Elec tron microprobe map ping of trace-el e ment dis tri bu tion in a sin gle euhedral crys tal 
of sil ver amal gams from the Kyaukse Sabe Taung cop per de posit

A – BSE im age, B – sil ver dis tri bu tion, C – cop per dis tri bu tion, D – mer cury dis tri bu tion

Fig. 8A, B – BSE im ages of Bi-sulphosalts and chal co py rite inter growths

Ham – hammarite, Ham-Fri – hammarite–friedrichite, Ham-Aik – hammarite-aikinite, Ccp – chal co py rite 



CARBONATES 

Car bon ates are very com mon in the de posit and were pres -
ent in al most all in ves ti gated sam ples. In this de posit, two
groups of car bon ates can be dis tin guished: the first con sists of
host car bon ates (cal cite) meta mor phosed dur ing re gional
meta mor phism un der the con di tions of greenschist fa cies,
while the sec ond group, rep re sented by an ker ite and do lo mite,
is hy dro ther mal in or i gin and re lated to min er al iza tion. An ker -
ite-do lo mite crys tals are char ac ter ized by zonation with dif fer -
ent Fe con tents (Fig. 10), as shown by En ergy-dispersive X-ray
spec tros copy (EDS) (Ta ble 1). An ker ite has a higher Fe con tent 
(up to 11.19 wt.%) rel a tive to Mg (7.67 wt.%), while op po site is
true for ferroan do lo mite (Fe con tent 5.21 wt.% and Mg con tent
11.42 wt.%).

SULPHUR ISOTOPES

Among the prin ci pal res er voirs of sul phur, d34S val ues of
mag matic sul phur tend to clus ter around 0‰ and mag matic sul -
phur could be pre cip i tated di rectly from a man tle-de rived magma 
or could be remobilized from mag matic rocks and pre cip i tated by 
a sub se quent mag matic event (Ohmoto and Rye, 1979). Sec -
ondly, sul phur from sea wa ter sul phate usu ally shows higher
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Fig. 9. Cu–Pb-Bi plot show ing the com par i son of bis muthi nite de riv a tives
from the Kyaukse Sabe Taung cop per de posit, Myanmar, with the Yaoan
and Beiya skarn gold de posit in SW China (Zhou et al., 2016, 2018)

Fig. 10. BSE im age of zoned ferroan do lo mite (Dol) 
and an ker ite (Ank) intergrown with tetrahedrite (Ttr)

T a  b l e  1

SEM/EDS chem i cal anal y sis of an ker ite-do lo mite

Anal y sis C Ka O Ka Mg Ka Ca K Mn Ka Fe Ka Co Ka To tal

Spot 1
17.48 43.54 7.67 19.1 0.71 11.19 0.31 100

28.05 52.47 6.08 9.19 0.25 3.86 0.10 100

Spot 2
18.68 44.22 11.42 19.79 0.4 5.21 0.28 100

28.87 51.29 8.72 9.16 0.14 1.73 0.09 100

Up per row – wt.%, lower row – atomic pro por tions



d34S, of ~21.0‰ for dis solved sul phate in mod ern oceans, and
these heavy d34S val ues are con sid ered to rep re sent a ma jor
con tri bu tion of sea wa ter-de rived sul phate.

Sul phur iso tope com po si tion of chal co py rite and tetra -
hedrite from the Kyaukse Sabe Taung cop per de posit was
mea sured and re sults are shown in Ta ble 2. The d34S val ues
of chal co py rite range from +5.7 to +10.7‰ and those of tetra -
hedrite are sig nif i cantly lower, rang ing from +1.6 to +1.7‰.
Since sul phur iso to pic com po si tions were ob tained for only six 
sam ples, it is dif fi cult to draw de fin i tive con clu sions re gard ing
the source of sul phur. How ever, such dif fer ences sug gest
vari a tions in the phys i cal-chem i cal con di tions of ore form ing
flu ids or the source of sul phur may not be a ho mo ge neous res -
er voir. A deep-seated mag matic ig ne ous source for sul phur
(d34S = 0 ±2‰; Ohmoto and Rye, 1979) can ex plain the S iso -
tope val ues of tetrahedrite, and is jus ti fied on geo log i cal
grounds, tak ing into ac count a diorite in tru sion out crop ping in
this area. Higher val ues for chal co py rite could sug gest some
con tri bu tion of the sul phur de rived from mod i fied sea wa ter, or
it could be sourced from res er voirs con tain ing both mag matic
and re duced sea wa ter sul phate, and/or that the mix ing oc -
curred be tween these two end-mem ber res er voirs (Ohmoto
and Rye, 1979).

DISCUSSION 

The ev i dence from the field in ves ti ga tions re vealed that
the cop per sul phide veins are in jected or dis trib uted along the
fis sures in the Mid dle Or do vi cian lime stone of the Wunbye
For ma tion and clearly later than the host rocks (Fig. 3C). Mi -
cro scopic stud ies con firmed a per va sive al ter ation of coun try
rocks, mainly car bon ates, and the min er al iza tion seems to be
linked to in tense sili ci fi ca tion, chloritization, kaolinization,
carbo na tiza tion and hema titization. Sulphides rep re sented by
py rite, tetra hedrite, and chal co py rite crys tal lized dur ing the
first stage and are re lated to quartz veins (Fig. 4B). In this as -
so ci a tion, py rite is older and fol lowed by tetrahedrite and chal -
co py rite (Fig. 4A–C). Bornite is prob a bly youn ger and formed
dur ing solid so lu tion seg re ga tion within the chal co py rite (Fig.
4C). Sim ple cop per sulphides, such as covel lite, were de vel -
oped as a rim sur round ing tetrahedrite grains (Fig. 4D). Si mul -
ta neously, Bi- sulpho salt min er al iza tion was de vel oped (com -
pare Fig. 4E and Ta ble 3). The cop per min er als were pre cip i -
tated prob a bly at a mod er ate tem per a ture range from hy dro -
ther mal so lu tions re lated ei ther to the nearby diorite in tru sion
or to the re gional meta mor phism stage of green schist fa cies
(Aung Myo Thu, 2014).

Sil ver min er als, rep re sented by acanthite and sil ver amal -
gams, are ob served in close as so ci a tion with tetrahedrite.

Supergene al ter ation of Ag- and Hg-bear ing tetrahedrite (Ap -
pen dix 2) re leased these met als and led to the for ma tion of an
as sem blage con sist ing of acanthite, Ag-Hg amal gams, covel -
lite, chalcocite, mal a chite, tenorite, na tive cop per and Fe-hy -
drox ides (Fig. 5A–H). Pre cip i ta tion of new min eral phases took 
place on the re dox bar rier (pos si bly wa ter ta ble level) and the
sil ver as so ci a tion is lo cated within the low er most part of the
supergene zone in the de posit. Track ing the re dox bar rier po -
si tion in the de posit can help to iden tify parts of the orebody
with sil ver en rich ment. Sil ver amal gams are the ma jor
Ag-bear ing phase in the de posit and could be a po ten tial
by-prod uct, in creas ing de posit’s eco nomic value.

The po si tion of car bon ates, es pe cially those show ing zon ing
(Fig. 10), sug gests crys tal li za tion in open space. The an ker -
ite-do lo mite se ries was prob a bly crys tal lized at the end of sul -
phide hypogenic stage and at the be gin ning of tetrahedrite al ter -
ation (Fig. 10). How ever, in the zone of ox i da tion, which de pends
on the wa ter level, Fe-hy drox ides were also pre cip i tated.

CONCLUSIONS

Based on the field study, tex tural in ves ti ga tions, and min er -
al og i cal and chem i cal anal y ses, the fol low ing con clu sions can
be drawn:

– The cop per and sil ver min er al iza tion at the Kyaukse Sabe
Taung de posit is lo cated within quartz-cal cite veins and
veinlets in si lici fied lime stone.

– Chal co py rite, tetrahedrite and bornite form hypogene ore,
while chalcocite, covel lite, mal a chite and Fe-hy drox ides
form the bulk of supergene as so ci a tion. 

– We re port the pres ence of sev eral Bi-Pb-Cu phases, which
were not pre vi ously de scribed in this area.

– Ag-Hg amal gams have been iden ti fied as the main car ri ers of 
sil ver in the de posit, oc cur ring as free grains and as a coat ing
of quartz grain, and were formed dur ing the late stage of
supergene al ter ation of Ag- and Hg-bear ing tetra hedrite.

– The study re sults (Bi-Pb-Cu as sem blages, sil ver amal -
gams, in tense al ter ation, struc tural con trol, sul phur iso -
topes) in di cate that the clas si fi ca tion of the Kyaukse Sabe
Taung Cu de posit as a mod i fied MVT/Irish-type de posit is
doubt ful. The model of struc tur ally con trolled orogenic base
metal-gold min er al iza tion is more con sis tent with the pres -
ence of Bi-sulphosalts and an ker ite. These fea tures, found
in many hy dro ther mal and/or orogenic gold de pos its, in di -
cate that the study area could be also pro spec tive for gold
min er al iza tion. De tailed stud ies of fluid in clu sions and sta -
ble iso topes (S, C, O, H) are still re quired to un der stand the
depositional con di tions and or i gin of this de posit, but it is

26 Aung Myo Thu, Adam Piestrzyñski and Krzysztof Foltyn

T a  b l e  2

d34S val ues of sul fides from the Kyaukse Sabe Taung cop per de posit 

Sam ple For ma tion Ore Type Min eral d34S [‰]

Sb - 001

Sb - 002

Sb - 004

Sb - 004.1

Sb - 009

Sb - 010

Wunbye

Wunbye

Wunbye

Wunbye

Wunbye

Wunbye

Vein type sul phide ore

Vein type sul phide ore

Vein type sul phide ore

Vein type sul phide ore

Vein type sul phide ore

Vein type sul phide ore

Chal co py rite

Chal co py rite

Tetrahedrite 

Tetrahedrite

Chal co py rite

Chal co py rite

10.7  

6.9

1.7

1.6

5.7

5.7

https://gq.pgi.gov.pl/rt/suppFiles/26183/


likely re lated to supergene al ter ation of the min er al ized vein
formed by flu ids re lated to mag matic in tru sion.
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