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We pro vide the first sci en tific re cord and the min er al og i cal char ac ter iza tion of al lu vial gold in the Olãneºti area, South ern
Carpathians, Ro ma nia, based on field ev i dence, op ti cal mi cros copy, and XRD, BSE and EPMA data. Chem i cal data were
ac quired on 11 al lu vial gold grains from the Olãneºti and Cheia rivers and re vealed a gen er ally con tin u ous vari a tion in gold
and sil ver con tent with Ag rang ing from 7.31 to 19.77 wt.% and Au rang ing from 80.26 to 93.16 wt.%. The source of the pri -
mary na tive gold is in ferred to be the Cu-Au Valea lui Stan and/or the Costºti As-Au shear-zone-re lated ore de pos its lo cated
to wards the north and west, re spec tively, of the study area.
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INTRODUCTION

The ter ri tory of Ro ma nia has been known as a ma jor gold
source since at least Ro man times, with an all-time gold pro -
duc tion es ti mated at 1500–2000 tons by Cook and Ciobanu
(2004). The most im por tant gold pro duc tion ar eas are the
South Apuseni Moun tains, more spe cif i cally, the “Golden Qua -
d ri lat eral” area de fined by Ghiïulescu and Socolescu (1941),
and the Baia Mare ore dis trict in the north west ern part of the
East ern Carpathians (Neubauer et al., 2005). The gold-bear ing
ores in both re gions be long to the in ter me di ate sulphidation and 
low sulphidation epi ther mal types with veins, brec cias and
stock works such as the Roºia Montanã and Sãsar ore de pos its. 
Apart from the pri mary gold de pos its, five placer gold de pos its
are known in Ro ma nia: Pianu, Cibin-Olt Val ley, Râureni, Arieº
Val ley and Nera/Bozovici (Borcoê et al., 1984). The best known
is that of Pianu, where traces of the placer gold min ing dat ing
back to the 2nd and 3rd cen tu ries CE are well-pre served
(Cauuet et al., 1999; Bedelean and Bedelean, 2001). Ad di tion -
ally, three other al lu vial gold oc cur rences along the Criºul Alb,
Mureº and Strei rivers were noted by Galcenco et al. (1995) as
be ing eco nom i cally vi a ble. 

This pa per re ports a new al lu vial gold oc cur rence in the
Olãneºti area (Olãneºti and Cheia rivers) in Ro ma nia, and pro -
vides EPMA data on the gold grains.

GEOLOGICAL SETTING

The study area com prises the drain age bas ins of the
Olãneºti and Cheia rivers (Fig. 1), lo cated in the Cãpãïânii
Moun tains, South ern Carpathians, Ro ma nia, which, to gether
with the East ern Carpathians and the Apuseni Moun tains, form
the Carpathian chain, a sec tion of the West ern Tethyan Al pine
orogenic belt (Sãndulescu, 1984; Balintoni, 1997; Schmid et al., 
2008; Rich ards, 2015).

The South ern Carpathians com prise, from bot tom to top,
three main struc tural units (Balintoni, 1997; Iancu et al., 1998;
Medaris et al., 2003): (i) the Danubian nappe sys tem or Danu -
bian Euxinides ac cord ing to Balintoni (1997); (ii) the Severin
and Arajna nappes or Euxinides ac cord ing to Balintoni (1997);
and (iii) the Getic-Supragetic nappe sys tem (Me dian Dacides
ac cord ing to Sãndulescu, 1984) or Getic Do main ac cord ing to
Balintoni (1997).

Our study fo cuses on the sed i men tary cover of the Sebeº-
 Lotru pre-Al pine ter ranes, which form part of the Getic Do main
(Balintoni et al., 2010). The Sebeº-Lotru terrane com prises the
Neoproterozoic Lotru unit and above this the Or do vi cian Cum -
pãna Unit (Balintoni et al., 2010). These units con sist of ortho -
gneisses, granitoids, metabasites and metaultrabasites.

Lupu et al. (1978) stated that the sed i men tary cover com -
prises Up per Ju ras sic lime stones (Buila-Vânturariïa Mas sif) in
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the west ern part of the area, Up per Cre ta ceous de tri tal de pos its 
in the cen tre, and Eocene, Oligocene and Mio cene de tri tal de -
pos its and Ho lo cene al lu vial and col lu vial de pos its in the south -
ern part (Fig. 1).

The Buila-Vânturariïa Mas sif is the only cal car e ous mas sif
in the Cãpãïânii Moun tains. It con sists of a NE–SW-ori ented
ridge (Pleº et al., 2013), mainly com posed of Up per Ju ras sic
reef car bon ates (Oxfordian to Tithonian) over ly ing de tri tal silty
and si li ceous Mid dle Ju ras sic rocks (Dragastan, 2010).

The Up per Cre ta ceous sed i men tary de pos its are mainly
formed of sand stones and con glom er ates lo cated in the east -
ern and north east ern part of the lime stone mas sif (Pleº et al.,
2013), with the Brezoi For ma tion (Campanian-Maastrichtian)
as the most im por tant sed i men tary unit (Boldor et al., 1970;
Todiriïã-Mihãilescu, 1973).

The Eocene, Oligocene and Mio cene sed i men tary de pos its 
(Lupu et al., 1978) com prise marls, con glom er ates, sand sto -
nes, sands and grav els. The most im por tant units in the Ce no -
zoic de pos its are the Cãlimãneºti con glom er ates (Lutetian-
 Ypressian), the Olãneºti marls (Priabonian-Lutetian) and the
Cheia con glom er ates (Oligocene). The age of the sed i men tary
rocks in the study area in creases pro gres sively from south to

north. Over all, the sed i men tary se quences have a gen eral dip
of ~45° to the south.

The Ho lo cene de pos its are rep re sented by re cent sed i -
ments, mainly grav els and sands de pos ited along the rivers (al -
lu vial de pos its) or boul ders ac cu mu lated be low the slopes (col -
lu vial de pos its).

Two lo cal i ties with shear-zone-re lated Au-min er al iza tion
are known in the vi cin ity of the study area: the Valea lui Stan
Cu-Au de posit (Udubaºa and Hann, 1988) in the north and the
Costºti Val ley As-Au de posit (Apostoloiu et al., 1990) in the
west (Fig. 1). 

The Au min er al iza tion of the Valea lui Stan de posit was dis -
cov ered in 1907 and was mined un til 1950 (Preotesiu et al.,
1973). The ore bod ies con sist of quartz lenses hosted by meta -
mor phic rocks, es pe cially on the left slope of the Valea lui Stan
Val ley (Udubaºa and Hann, 1988). The sul phide min eral par tic i -
pa tion is ~3–5% of the to tal quartz lens vol ume and the ore min -
eral as sem blage con sists (in or der of abun dance) of py rite, ar -
seno py rite, chal co py rite, marcasite, sphalerite, ga lena, mag ne -
tite and spo rad i cally pyrrhotite in cluded in ar seno py rite. The
gold is in cluded in ar seno py rite and/or chal co py rite (Borcoº et
al., 1984; Udubaºa and Hann, 1988). Traces of old min ing can
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Fig. 1. Sim pli fied geo log i cal map of the study area (mod i fied af ter Murgeanu et al., 1968)
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be found at the junc tion be tween the Valea lui Stan Val ley and
Vulturul Creek (Udubaºa and Hann, 1988).

The ore bod ies of the Costeºti Val ley de posit are ge net i cally 
re lated to shear zones in the Cãpãïânii Moun tains and are sit u -
ated ~12 km south-west of the Valea lui Stan ore de posit
(Apostoloiu et al., 1990). Ac cord ing to these au thors, the ore
oc cur rences are lo cated es pe cially on the Netedu Creek and on 
the left slope of the Costeºti Val ley up Comarnici Creek. The
host rocks of the Au min er al iza tion con sist of paragneisses and
am phi bo lites and the most im por tant ore body mined in the past 
was lo cated in Netedu Creek. It was a milky white quartz lode
mea sur ing 150 m in length and 0.30 m in width. The lode con -
tained ~10–15% sul fides and 85–90% quartz, chlorite, plagio -
clase, and car bon ate. The ore min eral as sem blage (in or der of
abun dance) was ar seno py rite, py rite, chal co py rite, bis muth,
bis muthi nite, pyrrhotite, mar ca site, sphalerite, tetrahedrite, na -
tive gold, na tive sil ver, and sec ond ary min er als (covel lite). The
na tive gold was fine grained (5–40 µm) as so ci ated with chal co -
py rite, ar seno py rite, quartz and car bon ates (Apostoloiu et al.,
1990).

SAMPLES AND METHODS

Field work was car ried out along the Cheia and Olãneºti
rivers (Ap pen dix 1) and was fo cused at 7 lo ca tions. From a to tal 
of 26 gold grains (Fig. 2), 24 were col lected from lo ca tion #3,
while sin gle gold grains from two lo ca tions #5 and #7. The larg -
est 3 gold grains, la beled OL01-G1, OL01-G2, and OL01-G4
were found in the field by the na ked eye and picked from the
placer de pos its of lo ca tions #3, #7, and #5, re spec tively. The
rest of the gold grains were sep a rated in the lab o ra tory, us ing a
ZEISS Stemi 2000-C bin oc u lar mi cro scope, from the pan con -
cen trate gath ered in the field from lo ca tion #3.

Two ep oxy-ce mented pol ished sec tions la beled OL01 and
OL02 were man u fac tured us ing the larg est 13 gold grains. Ore
mi cros copy study of the pol ished sec tions was car ried out us ing 
a NIKON Eclipse E200 po lar iz ing mi cro scope. Mi cro pho to -
graphs of the gold grains in plane-po lar ized and cross-po lar ized 
light were ac quired us ing a NIKON DS-FI3-NISD (NIS El e -
ments) dig i tal cam era.

Quan ti ta tive chem i cal anal y ses (WDS an a lyt i cal method)
were car ried out us ing three CAMECA de vices. Two datasets
were ac quired at the UMS 3623 – Cen tre de MicroCara -
ctérisation Raimond Castaing, Toulouse Uni ver sity, France,
i.e., dataset #1 and #2 us ing CAMECA SXfive and CAMECA

SXfiveFE in stru ments, re spec tively. The datasets #3 and #4
were ac quired at the De part ment of Ge ol ogy, Babeº-Bolyai
Uni ver sity, Ro ma nia us ing a CAMECA SXfive de vice.

The first dataset con tains re sults on the fol low ing el e ments:
Ag, As, Au, Bi, Cd, Cu, Fe, Mo, Ni, Pb, S, Sb, Se and Te, while
the other three re garded only Au, Ag and Cu. How ever, the con -
tent of all the chem i cal el e ments an a lysed ex cept Au and Ag
was be low the de tec tion limit. The tech ni cal con di tions of the
EPMA anal y sis are shown in Ta ble 1 and the mean val ues of
the de tec tion lim its/gold grain are in Ta ble 2.

All the con cen trates ob tained in the field were mixed af ter
the re cov ery of the gold grains and screened in 6 grain size cat -
e go ries for an over all mi cros copy study and X-ray dif frac tion.
The screen ing cat e go ries were 0.063, 0.125, 0.250, 0.500, 1
and 2 mm. Each frac tion was sub se quently split by mag netic
sep a ra tion, which al lowed the sep a ra tion of the mag netic from
the non mag netic min er als. Sub se quently, the gar nets were
sep a rated us ing a bin oc u lar mi cro scope.

X-ray pow der dif frac tions were made on sev eral grain-size
cat e go ries, from 0.063 to 0.125 mm, as well as on the mag netic
con cen trate with the size rang ing from 0.5 to 1 mm and on the
non mag netic frac tion rang ing from 0.5 to 1 mm. Ad di tion ally,
X-ray dif frac tion anal y sis was car ried out on gar net crys tals.
X-ray pow der dif frac tions were ob tained us ing a Bruker D8 Ad -
vance in stru ment at the De part ment of Ge ol ogy, Uni ver sity
Babeº-Bolyai, Cluj-Napoca (Ro ma nia), with Cu Ka ra di a tion (k
= 1.5418 �), a Fe 0.01 mm fil ter and a LynxEye one-di men -
sional de tec tor.
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Fig. 2. The 26 gold grains were re cov ered from the Olãneºti
and Cheia rivers

T a  b l e  1

The an a lyt i cal con di tions used to ac quire
 the four EPMA datasets

Dataset #1

El e ment En ergy
line Stan dard kV nA

Au Ma Au 15 20

Cu Ka chal co py rite 15 20

Ag La Ag 15 20

As La ar seno py rite 15 20

Co Ka Co 15 20

Ni Ka Ni 15 20

Se La Se 15 20

Mo La Mo 15 20

Te La HgTe 15 20

Bi Ma Bi 15 20

Cd La Cd 15 20

S Ka chal co py rite 15 20

Pb Ma PbS 15 20

Sb La SbS 15 20

Fe Ka chal co py rite 15 20

Zn Ka ZnS 15 20

Dataset #2

Au Ma Au 15 20

Cu Ka chal co py rite 15 20

Ag La Ag 15 20

Dataset #3 and Dataset #4

Au Ma Au 15 10

Cu Ka Cu 15 10

Ag La AgBr 15 10



RESULTS

X-RAY DIFFRACTION

The XRD re sults in di cate that the 0.063 to 0.125 mm
grain-size con cen trate is com posed of quartz, mag ne tite, il -
men ite, microcline, al bite, ap a tite, zoisite, epidote, almandine
and py rite. The 0.5 to 1 mm non mag netic grain-size con cen -
trate is com posed of quartz, al bite, almandine and py rite. The
0.5 to 1 mm grain-size mag netic con cen trate is com posed of
mag ne tite and almandine, and the gar net con cen trate is dom i -
nated by almandine, with mi nor amounts of mus co vite and
quartz.

NATIVE GOLD GRAIN MORPHOLOGICAL ANALYSIS

The mor pho log i cal clas si fi ca tion of the na tive gold grains
(Fig. 3) was made ac cord ing to Bar rios et al. (2015), who sep a -
rated the gold grains by tak ing into ac count their sphe ric ity
(discoidal, subdiscoidal, sphe roi dal, and elon gated shape) and
round ness (rounded, in ter me di ate, and an gu lar) ap pear ance.

The OL01 pol ished sec tion com prised 4 gold grains num -
bered from OL01-G1 to OL01-G4. The OL01-G1 gold grain
(Fig. 3A, D) has a discoidal rounded shape and is partly cov -
ered by a black crust, which pre sum ably in di cates a close con -
tact of the gold grain with sul fides that have ox i dized. The
OL01-G2 (Fig. 3B, E) gold grain is subdiscoidal rounded to in -

ter me di ate with an at tached quartz crys tal. The OL01-G4 (Fig.
3C, F) subdiscoidal-rounded gold grain is heart-shaped, and is
ac com pa nied by quartz. The mor phol ogy of these gold grains
to gether with the re lated quartz crys tals in di cate short-dis tance
trans port from the source.

The OL02 pol ished sec tion com prises smaller gold grains
with sphe roi dal and elon gated shapes with in ter me di ate to
rounded edges (Fig. 3G, L). These gold grains were re cov ered
from the heavy min eral con cen trate from lo ca tion #3.

ORE MICROSCOPY

Pol ished sec tions with the al lu vial gold grains were stud ied
us ing a po lar iz ing mi cro scope in plane-po lar ized and crossed-
 po lar ized re flected light. The col our of the gold grains is in tense
yel low (high reflectance) and they rarely host in clu sions of other
min er als, e.g. py rite, quartz (Fig. 4), and ga lena (Fig. 5A, B).
The ore mi cros copy ob ser va tions did not re vealed any col our
zon ing, nor rims with a dif fer ent re flec tion col our, nor vari a tions
in the anom a lous ani so tropy of the gold grains (Fig. 4).

GEOCHEMICAL ANALYSES

Quan ti ta tive chem i cal anal y ses were car ried out on 11 gold
grains giv ing a to tal of 171 an a lyt i cal points ac quired on 3 dif fer -
ent EPMA in stru ments and or ga nized in four datasets. The first
dataset con sists of 42 data points, the sec ond one 31 points,
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T a  b l e  2

Mean val ues of the de tec tion lim its/gold grain in wt.% and the num ber of point anal y ses

Dataset Gold
grain Au Ag Cu As Bi Cd Co Fe Mo Ni Pb S Se Sb Te Zn No. 

of points

1 OL01-G1 0.37 0.13 0.16 0.09 0.28 0.11 0.13 0.12 0.10 0.12 0.08 0.09 0.10 0.21 6

4 OL01-G1 0.78 0.26 0.31 7

1 OLO1-G2 0.37 0.13 0.16 0.08 0.28 0.11 0.14 0.12 0.11 0.12 0.08 0.09 0.10 0.22 7

2 OLO1-G2 0.32 0.19 0.16 5

3 OLO1-G2 0.77 0.26 0.31 10

1 OLO1-G3 0.35 0.13 0.16 0.09 0.27 0.12 0.13 0.11 0.11 0.12 0.08 0.09 0.09 5

4 OLO1-G4 0.77 0.27 0.31 8

1 OL02-G1 0.37 0.12 0.16 0.28 0.11 0.13 0.11 0.11 0.12 0.57 0.07 0.09 0.09 0.19 5

2 OL02-G1 0.42 0.19 0.16 3

3 OL02-G1 0.68 0.22 0.27 12

1 OL02-G2 0.34 0.12 0.16 0.08 0.28 0.11 0.13 0.11 0.10 0.11 0.49 0.09 0.09 0.09 0.20 0.19 10

3 OL02-G2 0.65 0.23 0.27 11

1 OL02-G3 0.35 0.13 0.16 0.08 0.26 0.12 0.13 0.12 0.12 0.07 0.09 3

3 OL02-G3 0.65 0.24 0.27 11

1 OL02-G4 0.35 0.13 0.16 0.09 0.26 0.11 0.12 0.11 0.12 0.07 0.09 0.09 0.21 3

2 OL02-G4 0.39 0.20 0.16 5

3 OL02-G4 0.66 0.24 0.27 12

1 OL02-G5 0.36 0.13 0.16 0.08 0.28 0.11 0.14 0.12 0.11 0.12 0.08 0.09 0.21 3

2 OL02-G5 0.40 0.20 0.16 4

3 OL02-G5 0.64 0.24 0.27 8

2 OL02-G6 0.41 0.19 0.16 7

3 OL02-G6 0.65 0.22 0.27 12

2 OL02-G7 0.41 0.19 0.16 7

3 OL02-G7 0.66 0.22 0.27 7

To tal num ber of point anal y ses: 171
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the third one 73 points, and the fourth dataset 25. A to tal of 132
points out of 171 are valid, with the to tal (in wt.%) in the range
98–102. The an a lyt i cal point lo ca tions are shown in Fig ures 5
and 6 on the mi cro pho to graphs of the gold grains in re flected
light and Ta ble 3 sum ma rizes the whole EPMA points/gold
grain/dataset.

The OL01-G2 gold grain (Ta ble 3, dataset #1) is the most
het er o ge neous one, with a five-point anal y sis in di cat ing a ra -

ther con stant Ag con tent rang ing from 13.71 to 14.04 wt.% and
an other 2-point anal y sis re veal ing a sig nif i cantly lower Ag con -
tent, rang ing from 2.00 to 2.80 wt.%. The other gold grains have 
ho mog e neous chem i cal com po si tions.

The max i mum Ag con tent of a gold grain was 20.77 wt.%,
de tected within grain OL02-G4, dataset #2, while the min i mum
Ag con tent is 2.00 wt.%, mea sured within grain OL01-G2,
dataset #1.
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Fig. 3. Bin oc u lar mi cro scope im ages of dif fer ent gold grains from the study area

A – OL01-G1 – discoidal gold grain with black red dish ox i da tion crust, in di cat ing an in flu ence of re lated sulphides (py rite/base metal
sulphides?); B – OL01-G2 – subdiscoidal gold grain with as so ci ated quartz grains; C – OL01-G4 – subdiscoidal gold grain with quartz grains
pre served within the cav i ties of the gold grain; D – de tail of the OL01-G1 gold grain show ing its ir reg u lar sur face and the thin ox i da tion crust; E
– de tail of OL01-G2 re veal ing the pre served quartz grain lo cated in a “shadow” zone, pro tected by two glob u lar gold pro tu ber ances; F – de -
tailed im age of OL01-G4, show ing the thin red dish ox i da tion crust that partly cov ers the gold grain and the quartz pre served within the pits of
the par ti cle; G–L – se lec tion of small gold par ti cles with elon gated shapes and in ter me di ate to rounded edges/bor ders
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Fig. 4. Mi cro pho to graphs in plane-po lar ized light (A) and in cross-po lar ized light (B) of the OL02-G3 gold grain, with py rite (Py)
and quartz (Qz) in clu sions; note the anom a lous ani so tropy of the gold

Fig. 5. Mi cro pho to graphs (A, C–I in plane-po lar ized light; and B in cross-po lar ized light) of gold grains with the point anal y sis
dataset #1 (Ta ble 3) in di cated by blue dots, and the ori en ta tion of the point anal y sis dataset #3 in di cated by blue ar rows; the gold
grain la bels are OLO2-G1 (D), OL02-G2 (A, B, C), OL02-G3 (E), OL02-G4 (F), OL02-G5 (G), OL02-G6 (H), and, OL02-G7 (I); the gold
grain OL02-G2 (A, B) hosts ga lena (Gn) and py rite (Py) in clu sions



Apart the gold grains, py rite and ga lena in clu sions within the 
OL020-G2 gold grain were also an a lyzed (Fig. 5A) and the
EPMA re sults cor rob o rated the ore mi cros copy ob ser va tion.

DISCUSSION

Youngson and Craw (1999) sep a rated gold plac ers into i)
prim i tive plac ers or first-cy cle plac ers formed within high-gra di -
ent rivers, where the wa ter flows on or near bed rock, and ii)
trunk plac ers de vel oped within low-gra di ent rivers with a bed
load of gravel and usu ally oc cur ring down stream of the prim i tive 
plac ers, be ing multicycle or multisource de pos its. Ac cord ing to
this clas si fi ca tion, the placer de pos its in pan ning lo ca tions #1
and #2 are trunk plac ers, at lo ca tions #5, #6, and #7 they are
prim i tive plac ers, while at pan ning lo ca tion #3, there is an in ter -
me di ate placer style shar ing char ac ter is tics of both trunk and
prim i tive plac ers, which likely seems to cor re spond to the tran -
si tion zone as in di cated by Youngson and Craw (1999).

Ac cord ing to the vi sual mor pho log i cal clas si fi ca tion di a gram 
of Bar rios et al. (2015), the larger gold par ti cles, with sizes rang -
ing from 3 to 6 mm, have subdiscoidal shapes and rounded sur -
faces, while the smaller gold par ti cles, with sizes rang ing from 1 
to 2 mm have elon gated shapes, and the round ness is vari able
from in ter me di ate to rounded.

The OL01-G2 and OL01-G4 gold grains were col lected
from prim i tive plac ers in the north ern part of the study area to -
wards the wa ter front of the Câinelui and Olãneºti rivers and
show pre dom i nantly subdiscoidal shapes (e.g., OL01-G4 is
subdiscoidal, and OL01-G2 is subdiscoidal to sphe roi dal). Both
these gold grains are still as so ci ated with the quartz gangue of
the pri mary ore. OL01-G1, which was col lected from the tran si -
tion zone be tween prim i tive and trunk plac ers along the Cheia
River in the south ern part of the study area, has a discoidal
shape and is free of pri mary gangue min er als.

The min eral con cen trates con tain ing also na tive gold grains 
con sist of gar nets (almandine), quartz, plagioclase feld spars
(al bite), potassic feld spars (microcline), micas (mus co vite), ma -
g ne tite, il men ite, ap a tite, epidotes (zoisite) and py rite.

The ore mi cros copy study re vealed no reflectance colour
vari a tion within the gold grains or on their bor ders sug gest ing
the chem i cal ho mo ge ne ity of the gold grains, which was also
cor rob o rated by the EPMA re sults. The ore mi cros copy study
re vealed the pres ence of py rite and ga lena in clu sions within the
gold grains (OL02-G2 and OL02-G3). The pres ence of such
sul phide in clu sions hosted by placer gold grains in di cates the
pres er va tion of the pri mary/orig i nal chem i cal com po si tion of the 
gold be cause sul fides un pro tected by a gold cover are rap idly
al tered or re moved in the placer en vi ron ment (Desborough,
1970).
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Fig. 6. Mi cro pho to graphs in plane-po lar ized light of the OL01-G1 (A, B, C), OL01-G2 (D, E, F) and OL01-G4 (G, H, I) gold grains
with the an a lyt i cal points dataset #4 in di cated by blue dots
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The EPMA re sults on the al lu vial gold grains re veal their
mixed Au-Ag com po si tion with Ag rang ing from 7.31 to
19.77 wt.% and Au rang ing from 80.26 to 93.16 wt.% (Ta ble 4).
The microchemical anal y ses of the gold grains sug gest a gen -
er ally con tin u ous chem i cal com po si tion vari a tion in stead of dis -
tinct pop u la tions. The chem i cal for mula for each gold grain cal -
cu lated based on the mean wt.% val ues is shown in Ta ble 4
and the mean val ues of Au and Ag (in wt.%) for each gold grain
are plot ted in Fig ure 7.

The chem i cal com po si tion of the al lu vial gold from the study
area is pre sumed to re flect the chem i cal com po si tion of the pri -
mary gold from the orogenic gold min er al iza tion known up -
stream far ther north and west, based on the pres er va tion of sul -
phide in clu sions in the al lu vial gold grains. The iden ti fied chem i -
cal com po si tions of the pre sumed orogenic gold from the
Olãneºti River plac ers are within the range of orogenic gold
known else where in the world, e.g., the Hog Moun tain, South -
ern Ap pa la chians, US, with Au con tents rang ing be tween 89.7
and 91.4 wt.%, and Ag con tents rang ing be tween 8.31 and 9.10 
wt.% (Brueckner et al., 2021), or the North ern Cariboo Gold
Dis trict, Brit ish Co lum bia, Can ada, with the Ag con tents in the
orogenic gold usu ally rang ing from 5 to 20 wt.% (Chap man and
Morten sen, 2016).

The gold grain la beled OL01-G2 shows the most het er o ge -
neous chem i cal com po si tion, with a two-point anal y sis (dataset
#1) in di cat ing the low est Ag con tents, i.e., 2.00 and 2.80 wt.%,
and a five-point anal y sis rang ing from 13.71 to 14.04 wt.% Ag.
In these re sults, the dif fer ent chem i cal com po si tions were de -
ter mined for the outer part and the in ner part of the gold grain,
re spec tively. Ac cord ingly, the BSE im age (Fig. 8) re veals a
whit ish rim around the OL01-G2 gold grain, which sug gests the
pres ence of a thin gold-rich/sil ver-poor ex ter nal layer. Such
gold-en riched rims cer tainly oc cur, though their mech a nism of
for ma tion has long been de bated. One means of pro duc ing an
Au-en riched rim is by de ple tion in sil ver of the gold grain. This
mech a nism was pro posed, for in stance, by Desborough (1970),
through se lec tive de ple tion in Ag by aque ous so lu tions, by
Krupp and Weisser (1992) by Ag re moval due to the pres ence
of chlo ride in the wa ters, and by Knight et al. (1999a) by leach -
ing of Ag (Cu) and the for ma tion of a po rous gold-en riched rim.
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T a  b l e  4

The mean val ues of Au and Ag (in wt.%) for each gold grain
sorted in as cend ing or der of Au con tent, the cal cu lated 

chem i cal for mu lae, and the pan ning lo ca tions

Gold
grain

Au
[wt.%]

Ag
[wt.%]

To tal
[wt.%]

Cal cu lated 
chem i cal for mula

Pan ning

lo ca tion

OL01-G3 80.26 19.77 100.03 Au0.69Ag0.31 #3

OL02-G3 80.99 19.04 100.03 Au0.70Ag0.30 #3

OL02-G4 81.39 18.73 100.12 Au0.70Ag0.30 #3

OL02-G5 85.50 14.08 99.58 Au0.77Ag0.23 #3

OL01-G4 85.83 13.11 98.94 Au0.78Ag0.22 #5

OL01-G2 87.19 12.24 99.43 Au0.80Ag0.20 #7

OL02-G2 87.98 11.79 99.77 Au0.80Ag0.20 #3

OL01-G1 88.83 11.57 100.40 Au0.81Ag0.19 #3

OL02-G6 89.23 10.83 100.06 Au0.82Ag0.18 #3

OL02-G7 89.86 9.86 99.72 Au0.83Ag0.17 #3

OL02-G1 93.16 7.31 100.47 Au0.87Ag0.13 #3

Fig. 7. Plot of the Au and Ag con tent (mean val ues in wt.%) of the gold grains re cov ered 
from the Olãneºti and Cheia rivers 
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Al ter na tively, Groen et al. (1990) con sid ered that a com bi na tion 
of self-electrorefining of na tive gold grains and ce men ta tion is
re spon si ble for the for ma tion of a gold-rich rim de vel oped on
na tive gold grains, while se lec tive leach ing of sil ver from the
outer zone of the grains per haps com bined with dif fu sion of Ag
from the in ner part of na tive gold grains was not con sid ered by
Groen et al. (1990) as an ef fec tive pro cess to form such
supergene gold en rich ment rims. Two gold-en rich ment rim for -
ma tion mech a nisms were con sid ered by Youngson and Craw
(1999) to con trib ute, via sil ver dis so lu tion and pre cip i ta tion of
authigenic gold, to pro duce this par tic u lar fea ture that helps dis -
crim i nate be tween pri mary gold and placer gold grains. Sim i lar
views were ex pressed by Wierchowiec et al. (2021) who con -
sid ered that the leach ing of Ag to gether with the pre cip i ta tion of
authigenic gold (by sev eral pro cesses) cre ates the gold-en -
riched/sil ver-de pleted rims of placer gold grains.

Groen et al. (1990) sug gested that the rims are thicker on
na tive gold grains that were trans ported across lon ger dis -
tances and con se quently show flake-type mor phol ogy, and are
thin ner or ab sent on the gold grains that ex pe ri enced shorter
trans port. In our case, the gold grain OL01-G2 was found in the
up per part of the Olãneºti River at ~6 km from the pre sumed
gold source (Fig. 1) in a pri mary placer, which im plies short-dis -
tance trans port. On the other hand, Knight et al. (1999a) con -
sid ered that the for ma tion of the gold-en riched rim takes place
in bur ied sed i ments, while the rims are re moved by abra sion in
ac tively trans ported sed i ments. Ad di tion ally, al most all the
placer gold grains ex am ined by Knight et al. (1999b) from
Klondike Dis trict, Yu kon Ter ri tory, Can ada have at least a par -
tial gold-en riched rim, while the lode gold shows no rims. Other
gold grains from the Olãneºti area seem to have gold-en riched
rims be cause sev eral point anal y ses show ing sig nif i cantly
lower Ag grades close to the bor ders were ob tained, though
these re sults are com pro mised be cause the to tal of their anal y -
ses ex ceeds the con fi dence in ter val, i.e., 102.23 and 97.73
wt.%, re spec tively. Ad di tion ally, these rims were not ob served

by means of ore mi cros copy, prob a bly due to their small width.
All in all, the scarce pres ence of gold-en riched rims may be the
re sult of short-dis tance of trans port of the gold grains and the
rel a tively brief time of pro cess ing of the grains since their re -
moval from the orig i nal orogenic gold ore bod ies. The OL01-G2
grain that cer tainly has a gold-rich rim prob a bly spent more time 
bur ied in sed i ments so that a rim de vel oped. How ever, the pro -
por tion of such grains is small, and this fact al low us to con clude 
that ero sion of the pri mary gold source (orogenic Au lodes) is
cur rently in prog ress and that most of the gold grains are be ing
ac tively pro cessed.

The pres ence of re lated ore or/and gangue min er als from
the pri mary ore min er als as so ci a tion, which are still at tached to
the gold grains within the placer de pos its, is con sid ered to be
an other in di ca tor of short-dis tance trans port of the na tive gold
grains. For ex am ple, the OL01-G2 and OL01-G4 gold grains
still have quartz re mains at tached to the gold sur face, and this
re la tion ship in di cates a very short dis tance from the pri mary
gold source. This ob ser va tion is in agree ment with the geo -
graphic po si tion of the pan ning lo ca tions #7 and #5 that yielded
the two gold grains, sit u ated to wards the head wa ter of the
Cainelui drain age ba sin, close to the pre sumed pri mary gold
sources, e.g., the Valea lui Stan de posit.

CONCLUSIONS

Twenty-six gold par ti cles weigh ing ~0.5 g were col lected
from 3 pan ning lo ca tions in the Olãneºti area along sev eral wa -
ter courses, i.e., the Olãneºti River, Cheia River, Câinelui River,
Olãneºti trib u tary creek and Câinelui trib u tary creek. The gold
plac ers iden ti fied be long to the prim i tive, in ter me di ate/tran si tion 
zone, and are of trunk placer type.

Most of the na tive gold grains, which may reach up to 6 mm
in size, were found be tween the river de pos its and the bed rock.
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100 mm

Fig. 8. BSE im age of the OL01-G2 gold grain show ing the Ag-rich rim (whit ish) 
and the ho mog e neous chem i cal com po si tion of the in te rior of the grain 

as sug gested by the uni form grey tint
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The larg est gold grains have discoidal to subdiscoidal shapes;
their round ness ranges from rounded to sub-rounded, with lo -
cally pre served rem nants of the pri mary quartz gangue on their
sur face. The small gold par ti cles show elon gated shapes, an in -
ter me di ate to rounded ap pear ance, with no as so ci ated quartz
pre served.

The EPMA quan ti ta tive anal y ses car ried out on 11 gold
grains re vealed a gen er ally con tin u ous vari a tion of the gold and
sil ver con tent with Ag rang ing from 7.31 to 19.77 wt.% and Au
rang ing from 80.26 to 93.16 wt.%. A thin Au-rich rim, with
<3 wt.% Ag was ob served on a sin gle gold grain. The pri mary

gold source is in ferred to be orogenic gold min er al iza tion from
the Sebeê-Lotru meta mor phic unit, which also hosts the Valea
lui Stan and Costeºti Au-bear ing ore de pos its.
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APPENDIX 1 

Field Observations 
 
The fieldwork was concentrated in seven panning locations (sampling sites) as shown in Figure 1, and detailed 

further. Panning location #1 is on the Olănești River, downstream from the junction with the Cheia River; panning 
location #2 is at the junction between the Olănești and the Cheia River; and panning location #3 is on the Cheia River 
upstream from the junction. Sampling site #4 is on an unnamed tributary creek of the Olănești River. Sampling site #5 
is on the Câinelui Stream, a tributary creek of the Olănești River, and panning location #6 is on an unnamed tributary 
creek of the Câinelui Stream. Most of the gold grains were found in location #3, while locations #5 and #7 yielded only 
one gold grain each.  

The distance between the lowest altitude point (location #1) and the highest altitude point (location #7) on the 
Olănești River is 21 km and the height difference is ∼400 m, the gradient being 1.90%. The elevation and the 
coordinates for each location, and the approximate distance between the panning locations and the Valea lui Stan ore 
deposit, are given in Table SM1. 

  
Table SM1 

Google Earth elevation and coordinates of the panning locations  
and the approximate distances to the Valea lui Stan ore deposit 

Location  Elevation 
(ASL) 

Coordinates 

#1 +296 m 45°07ʹ19ʺN  24°16ʹ58ʺE 
#2 +353 m 45°09ʹ18ʺN  24°15ʹ05ʺE 
#3 +396 m 45°10ʹ21ʺN  24°13ʹ40ʺE 
#4 +477 m 45°11ʹ33ʺN  24°14ʹ54ʺE 
#5 +698 m 45°16ʹ00ʺN  24°11ʹ02ʺE 
#6 +813 m 45°17ʹ03ʺN  24°10ʹ30ʺE 
#7 +695 m 45°15ʹ51ʺN  24°09ʹ11ʺE 

 
Panning location #1 
Panning location #1 is situated downstream from the junction between the Cheia and the Olănești rivers, being 

topographically the lowest point in our study (Fig. SM1a). The river flows over a thick bedload of gravel and sand and 
has a width of ∼75 m. The alluvial deposits include clasts of metamorphic rocks (quartzite, amphibolite) and 
sedimentary rocks (sandstones and limestones). The bedrock is not exposed. 

Local seekers after gold at this location use homemade sluice boxes (Fig. SM1a). 
 
Panning location #2 
Panning location #2 is at the junction between the Olănești and the Cheia rivers (Fig. SM1b). The river flows 

over a bedload of gravel and sand which, however, is thinner than at location #1; the bedrock is locally exposed, and 
is composed of interbedded marls and sandstones. 

The lithology of the alluvial deposits is the same as at location #1 with the exception that larger boulders occur 
on the river banks. 

 
Panning location #3 
Panning location #3 is on the Cheia River, upstream of the junction of the Cheia and Olănești rivers. The river 

flows over or near the bedrock and is up to 10 m in width (Fig. SM1c). The alluvial deposits consist of gravel and sand 
and contain large boulders up to tens of centimetres in diameter (Fig. SM1d). The boulders are mainly of sandstone 
and limestone, with subordinate metamorphic clasts. The bedrock consists of marl sequences with a dip of 45° to the 
south and interbedded sequences of marl and sandstone with a similar dip to the south (Figs. SM1d and SM1e). 
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Fig. SM1. Panning locations #1 to #3 

A – Panning location #1, which shows local gold-seekers using homemade sluice boxes; B – upstream view of the junction between 
the Cheia River (left) and the Olănești River (right) at panning location #2; C – Image of panning location #3, showing the river 
flowing on or near the bedrock; D – Panning location #3 with several boulders deposited on the side of the river; the bedrock consists 
of interbedded layers of marl and sandstone dipping at 45° dip to the south; E – the bedrock of panning location #3 with marl 
sequences dipping 45° to the south; detail of the exposure shown in Figure SM1d 

 
 
Panning location #4 
Panning location #4 (Fig. SM2a) is situated on an unnamed tributary creek of the Olănești River located 

upstream from the junction between the Olănești and Cheia rivers. 
The creek is seasonal and flows only in rainy periods as a torrent having a width of 1–2 metres. Large boulders 

over 1 m in size are deposited along the creek together with smaller boulders of limestone and metamorphic rocks. 
 
Panning location #5 
Panning location #5 is on the Câinelui Stream, which flows into the Olănești. The river at this location is 

narrow, having a maximum width of 5 metres (Fig. SM2b), and flows on or near bedrock upon a thin bedload of gravel 
and sand. There are also dm-sized boulders deposited on the sides of, or within, the river. The bedrock comprises 
sandstones dipping to the south (Fig. SM2c). Along the stream, there are several exposures of sandstone and 
conglomerate. The OL01-G4 gold grain was panned from this location. 
 

Panning location #6 
Panning location #6 (Fig. SM2d) is situated on a tributary creek of the Câinelui Stream, close to location #5. 

The creek flows from NNE to SSW and has steep sides (Fig. SM2d). The bedrock of the creek comprises sandstone 
and along the watercourse, this forms small waterfalls, which can be excellent gold traps. Panning location #6 is very 
close to the Valea lui Stan ore deposit, which is about 4 km to the north, on the other side of the hill (Fig. 1). 

 
Panning location #7 
Panning location #7 has the highest elevation from the Olănești River. The river is narrow, a maximum of 4 m 

in width, and flows near the bedrock and on a thin bedload of gravel and sand (Fig. SM2e). There are cm-sized 
boulders along the watercourse, which show similar lithologies to those in the previous locations. The bedrock 
consists of interbedded marls and sandstones dipping south (Fig. SM2f). The OL01-G2 gold grain was observed by 
the naked eye in this location. 
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Fig. SM2. Panning locations #4 to #7 

A – downstream view of panning location #4 on a tributary creek of the Olănești River, which flows from west to east; B – upstream 
view of the Câinelui Stream at panning location #5; the watercourse is narrow and the river flows directly on the bedrock; C – image 
of panning location #5; the bedrock is formed by sandstones dipping to the south; D – downstream view of panning location #6 on a 
tributary creek of the Câinelui Stream, with a sandstone bedrock; E – downstream view of panning location #7; F – detail of the 
bedrock of panning location #7, which consists of interbedded layers of marl and sandstone dipping to the south. 


