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De tailed mor pho log i cal stud ies of de tri tal schee lite and gold grains from clastic Ce no zoic de pos its (al lu vial and elu -
vial–colluvial) in two se lected ar eas of Lower Silesia al lowed de scrip tion of their spe cific fea tures (size, round ness, lus tre,
and lack or rem nants of pri mary inter growths with other min er als, and for gold also of the flat ness in dex). This al lows es ti ma -
tion of the length of hy dro dy namic trans port and dis tance from the source area. Such fea tures are also an im por tant tool in
de ter min ing the source of ore min er ali sa tion and of es tab lish ing the par ent area for de tri tal ac cu mu la tions. More over, elec -
tron microprobe (EMPA) in ves ti ga tion of de tri tal gold and schee lite al lowed rec og ni tion of the in ter nal struc ture and chem i cal
com po si tion of these min er als. The gold grains com monly re vealed zonal struc tures due to chem i cal supergene gold mo bil ity 
rec og nized in nearly all pan-con cen trate sam ples stud ied. 
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INTRODUCTION

The mor phol ogy and tex ture of de tri tal ore min er als from
pan-con cen trate sam ples col lected from a range of sed i ments
in a drain age sys tem (ac tive chan nel, al lu vial, eluvial and col lu -
vial sed i ments) may be a use ful means of de ter min ing the dis -
tance to and type of pri mary (bed rock) source min er ali sa tion
(Loen, 1995; Chap man et al., 2000; Townley et al., 2003; Chap -
man and Mortensen, 2006; Wierchowiec, 2006; Nikolaeva and
Yablokova, 2007; Dill et al., 2009). Sev eral ex am ples of such
study of trans port of de tri tal gold grains have been de scribed
(e.g., Boyle, 1979; Tishchenko, 1981; Giusti, 1986; DiLabio,
1990; Hérail et al., 1990; Knight et al., 1999; Youngson and
Craw 1999; Wierchowiec, 2002).

The mor phol ogy of de tri tal gold grains changes dur ing me -
chan i cal trans port be cause gold is very soft (hard ness 2.5–3)
and usu ally sur vives long dis tance trans port in streams. In con -
trast, schee lite which is harder (4–5) but also brit tle, does not sur -
vive long dis tance trans port in stream sed i ments and also
changes its mor phol ogy (e.g., Stendal, 1978; Hallenstein et al.,
1981; Saxby and Fletcher, 1986; Petersen and Stendal, 1987).
De tailed stud ies of changes in the mor phol ogy of both min er als
dur ing flu vial trans port, de spite their dif fer ences in phys i cal prop -
er ties, may be strong in di ca tors of nearby pri mary min er ali sa tion
in bedrocks. We pres ent re sults of mi cro scopic stud ies of de tri tal

schee lite and gold from two sites in the Lower Silesia re gion of
SW Po land (Fig. 1). Placer gold in Lower Silesia was eroded
from au rif er ous quartz veins (e.g., Grodzicki 1963, 1969). In this
re gion, nu mer ous orogenic gold-bear ing quartz ± polymetallic
sul fide veins are hosted by Lower Pa leo zoic meta mor phosed
vol ca nic-sed i men tary rocks (e.g., Mikulski, 1996, 1998, 2005,
2007, 2011). These rocks were in truded by Variscan ig ne ous
rocks dis trib uted both in the Sudetes and in the Fore-Sudetic
Block. Ex am ples of de tri tal schee lite pre sented in this pa per were 
eroded from hy dro ther mal con tact metasomatic and vein type
tung sten min er ali sa tion which formed dur ing Variscan plutonism
(Mikulski, 2000). Post-orogenic up lift of the Variscan orogen dur -
ing the Me so zoic and Ce no zoic ex posed nu mer ous veins with
pri mary min er ali sa tion which were sub ject to dif fer ent types of
me chan i cal and chem i cal dis in te gra tion (e.g., Wierchowiec,
2010, 2011; Grodzicki, 2011). 

METHODS AND MATERIALS

Sam ples of de tri tal schee lite and gold pre sented in this pa -
per were col lected in de pend ently by both au thors us ing the
method adopted in the 1980s by the Pol ish Geo log i cal In sti tute
dur ing de tailed geo chem i cal and heavy min eral pros pect ing in
se lected ar eas of Lower Silesia (Kanasiewicz et al., 1990).
Heavy min eral pan-con cen trate sam ples were col lected from
stream sed i ments in ac tive chan nels at two lo cal i ties: (1) the
Brodek River in the south ern part of the drain age sys tem of the
K³odzko–Z³oty Stok Gran ite Pluton near Droszków (Fig. 2), and
(2) the Wierzbiak River, which drains the W¹dro¿e Wielkie re -
gion in the Fore-Sudetic Block. Ac tive stream sed i ments from
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0.1 to 0.5 m of depth were sam pled. Sam ples of vari able vol -
ume from 0.01 to 0.1 m3 were sieved and panned with use of
the “Si be rian” pan, which is made of rust-free steel, has a di am -
e ter of ca. 22 cm and is 8 cm in depth. A sluice box was also
used for gold sam pling in the Wierzbiak River. It was thor oughly 
washed with new mat ting in serted for each sam ple to avoid
con tam i na tion be tween sam ples. A to tal of 22 panned schee lite 
con cen trates were col lected from the up per parts of the Brodek
River (Mikulski, 2000) and 10 panned gold sam ples were col -
lected from the Wierzbiak River (Wierchowiec, 2010). Be sides,
a heavy min eral con cen trate was also made from rocks host ing
pri mary schee lite min er al iza tion of veinlet-im preg na tion type
col lected near Droszków. Rock sam ples of weight ca. 1 kg were 
first pro cessed by me chan i cal crush ers, than small pieces of
rock were disaggregated us ing elec tric pulse disaggregation
and fi nally schee lite grains were picked by hand un der a UV
lamp. Sam ple prep a ra tion in cluded sep a ra tion of each panned
con cen trate in the heavy liq uid bromoform with a spe cific grav -
ity of 2.89, and man ual sep a ra tion of sev eral frac tions in clud ing: 
(1) mag netic, (2) elec tro mag netic I and II (3) and non-mag netic. 
Sep a ra tion was per formed us ing a Ventouse mag net (made by
Allevard Ugine, France) fol lowed by op ti cal iden ti fi ca tion of min -
er als. All vis i ble schee lite and gold grains were sep a rated from
re pro cessed sam ples by hand-pick ing un der a bin oc u lar mi cro -

scope and weighed. Schee lite was sim ply iden ti fied by use of
short wave (2540 �) UV light by Raytech #10-070 model.
Schee lite and gold con tents were ex pressed as the num ber of
grains counted in the sam ple per cu bic me ter (Kanasiewicz,
1982). The size of schee lite grains stud ied range from <0.2 to
3 mm and of gold grains from 0.05 to 1.5 mm. Gold grains
<0.2 mm in size are de scribed in the text as fine and those
>0.8 mm in size as coarse. All grains were weighed and di vided
into spe cific grain size frac tions. Round ness of gold grains
(6 cat e go ries from I = very an gu lar to VI = well-rounded) was as -
sessed us ing the class sys tem of Pow ers (1953). Where the
long (a), in ter me di ate (b), and small (c) axes of gold par ti cles
were mea sured un der a low-pow ered bin oc u lar mi cro scope fit -
ted with a mi crom e ter eye piece, in or der to cal cu late the
Cailleux flat ness in dex (F.I. = (a + b)/2c; Cailleux, 1945). The
Cailleux in dex is a mea sure of the trans port-in duced mass re -
dis tri bu tion (i.e., shape change) of gold grains by pro gres sive
ham mer ing and/or fold ing in the flu vial sys tem. It has been used 
for Bo liv ian (Hérail et al., 1990) and New Zea land (Youngson
and Craw, 1999) placer gold stud ies.

Ad di tion ally, gold grains rep re sent ing dif fer ent morpholo -
gies were an a lysed un der SEM (scan ning elec tron mi cro -
scope), a Jeol JSM-6380LA in en ergy-dispersive mode (EDS
Link An a lyt i cal ISIS). Op er at ing con di tions were: 20 kV ac cel er -
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Fig. 1. Gen er al ized geo log i cal-struc tural map of Lower Silesia 
(af ter Sawicki and Teisseyre, 1978) with lo ca tion of the sam pling ar eas

GT – Grodziec Trough; ISF – Intra-Sudetic Fault Zone; KZS – K³odzko–Z³oty Stok Gran ite Pluton; LT – Leszczyna–Jerzmanice Trough; LwT
– Lwówek Trough; OSD – Orlica–Œnie¿nik Dome; SBF – Sudetic Bound ary Fault; SSG – Strzegom–Sobótka Gran ite Pluton; VU – Vrbno
Unit; WG – Wleñ Graben; ZG – Žulova Gran ite; ZL – Z³otoryja–Luboradz Unit
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Fig. 2. Ge ol ogy of the Ptasznik Hill meta mor phic rocks of the K³odzko–Z³oty Stok Gran ite Pluton 
(af ter Cwojdziñski, 1977) with its drain age sys tem and sites of pri mary schee lite min er ali sa tion 

and lo ca tion of pan-con cen trate stream sed i ment sam ples



at ing volt age, 5 mm spot size, and 6 nA sam ple cur rent. The
ZAF-4 cor rec tion pro gram was ap plied. Quan ti ta tive chem i cal
anal y ses (EMPA) of gold grains were made by use of a
CAMECA SX100 elec tron microprobe. Op er at ing con di tions for 
EMPA were: 25 kV ac cel er at ing volt age, 2 ´ 10–8A pri mary
beam cur rent, 25 sec count ing time, and de tec tion lim its (wt.%)
for Au – 0.121 and for Ag – 0.033. Schee lite grains were an a -
lyzed by use of a Jeol JSM-840A with EDS. Op er at ing con di -
tions were: U = 20 kV, I = 6 ́  10–9A, t = 10 s, j = 5 ́  10–6m. Nat -
u ral min eral stan dards and the ZAF-4 were used.

GEOLOGICAL SETTING OF THE SCHEELITE
MINERALISATION FROM THE PTASZNIK

METAMORPHIC ROOF COVER

The first area stud ied is lo cated on the K³odzko–Z³oty Stok
Gran ite Pluton (KZS) which con sti tutes the east ern pro lon ga -
tion of the Saxothuringian Zone within the Cen tral Eu ro pean
Variscides on the north ern mar gin of the Bo he mian Mas sif. The 
KZS out crops over an area of 120 km2 (Fig. 2). Geo chem i cal
and petrographic stud ies of the KZS in tru sive in di cate that it is
com posed mostly high-K, metaluminous, bi o tite- and
hornblende-rich granitoids of var i ous com po si tions rang ing
from granodiorite to monzonite. They con tain rare xe no liths of
meta mor phic rocks and abun dant mafic en claves (e.g.,
Wierzcho³owski, 1976; Lorenc, 1994). The KZS pluton rep re -
sents an I-type magma mixed with par tial melts of con ti nen tal
crust. The geo chem i cal het er o ge ne ity of the granitoids is typ i cal 
of rocks orig i nat ing from hy brid mag mas. SHRIMP zir con U-Pb
dat ing of ig ne ous rocks from the KZS in di cates that the
granitoids and lam pro phyres were in truded in the Early Car bon -
if er ous (Mid-Visean) from ca. 340 to 331 Ma (Mikulski et al.,

2013). The mag matic ep i sode lasted 8.7 ± 3.6 Ma and was con -
cur rent with orogenic up lift and cool ing. Sub se quent mag matic
ac tiv ity formed dykes of melanocratic and leucocratic rocks,
that was fol lowed by hy dro ther mal ac tiv ity re spon si ble for
quartz veins for ma tion. Strong con tact metasomatic pro cesses
at the same time were re spon si ble for the lo cal metasomatic
min er ali sa tion (schee lite-ti tan ite) such as that at the Ptasznik
pros pect (Mikulski, 2000) and au rif er ous skarn min er ali sa tion in 
the Z³oty Stok Au-As de posit (Mikulski and Speczik, 2008). The
roof of the KZS pluton is pre served as ir reg u larly dis trib uted rel -
ics of the Early Pa leo zoic vol ca nic and sed i men tary rocks re -
lated to the L¹dek–Œnie¿nik Meta mor phic Com plex (Wojcie -
chowska, 1975). The sed i men tary rocks en close mafic and fel -
sic in ter ca la tions. They were re gion ally meta mor phosed to am -
phi bo lite fa cies, and then con tact meta mor phosed by the KZS
in tru sion. In the re gion, Late Car bon if er ous melanocratic and
leucocratic veins such as lam pro phyres, aplites and quartz ±
feld spar (K) com monly oc cur. 

Pri mary schee lite min er ali sa tion was found dur ing heavy
min eral and geo chem i cal sam pling of the Ptasznik meta mor -
phic cover com plex in the SE part of the KZS. The min er ali sa -
tion crops out over an area of 0.4 km2 (Figs. 2 and 3). Schee lite
min er ali sa tion forms stockworks, dis sem i na tions or veinlets
within strongly metasomatised pyroxene am phi bo lites, am phi -
bole gneiss es or quartz ± feld spar (K) veins (Mikulski, 1999,
2000). Schee lite as so ci ated with ti tan ite forms automorphic
grains from 0.1 to 5 mm in size (av er age about 1 mm) in
stockworks and veins. In the coun try rock, schee lite grains fill
voids, are xenomorphic and 0.1 to 0.3 mm in size. Con cen tra -
tions of tung sten in min er al ised rock sam ples reach up to ~0.3
wt.% WO3 and of gold up to 18 ppm (Mikulski, 2000). 

The area is drained by the Brodek River catch ment. Its trib -
u tar ies drain a high-re lief area com posed of gran ites, por phyry,
migmatitic gneiss es and am phi bo lites (Fig. 3). In their lower
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Fig. 3. Sche matic geo log i cal cross-sec tion of the south ern slopes of Ptasznik Hill along the Brodek 
River chan nel with pho to graph in serts of schee lite grains from heavy min eral sam ples

A – typ i cal an gu lar grains of schee lite with ti tan ite (dark grey) inter growths and ad a man tine lus tre from panned con cen trate of crushed bed -
rock; B – in al lu vial sed i ments de tri tal schee lite grains <1 km from the bed rock source are subangular and usu ally with out any inter growths
with other min er als, the per cent age of larger schee lite grains (>1 mm) in panned con cen trates dra mat i cally de creases as com pared to the
near-bed rock sam ple; C, D – subangular to subrounded de tri tal schee lite in al lu vial sed i ments col lected >2.0 km from the source area have
lost their glassy lus tre and taken on a matt sur face ap pear ance, and are cov ered by beige-yel low coat ing of clay-like min er als, fine-grained
schee lite (<0.4 mm) dom i nates (~80%) the sam ples >2.0 km down stream; all scale bars 1 mm; other ex pla na tions as in Fig ure 2



parts, the mod ern streams drain the Ce no zoic deluvial clays
with rock wastes, loess-like loams and Qua ter nary al lu vial and
gla cial de pos its. 

MINERALOGICAL AND STATISTICAL
CHARACTERISTICS OF PLACER SCHEELITE

FROM THE SOUTHERN SLOPES 
OF PTASZNIK HILL

The study area is lo cated in the up per part of the Brodek River
and its trib u tar ies, northeastwards of the vil lage of Droszków. A to -
tal of 22 heavy min eral sam ples were col lected from the ac tive al -
lu vial sed i ments along a dis tance of 6 km. The heavy min eral con -
cen trates were di vided into six granulometric classes (<0.2 mm;
0.2–0.4 mm; 0.4–0.6 mm; 0.6–0.8 mm; 0.8–1.0 mm; >1.0 mm) for 
morphometric stud ies (Fig. 4). Schee lite con cen tra tions were cal -
cu lated in gram per cu bic metre (g/m3). An av er age arith me tic
con cen tra tion of schee lite in all 6 granulometric classes added to -
gether in al lu vial sed i ments of the Droszków area is low ~2.2 g/m3. 
How ever, this value is al most twenty-times higher than the re -
gional back ground value in the Z³ote Moun tains (Mikulski, 2000).
The high est con cen tra tion of schee lite (6–8 g/m3) oc curs in sam -
ples col lected near the spring of the Brodek stream and its trib u tar -
ies. Con cen tra tions of schee lite av er ag ing >3 g/m3 were rec og -
nized 2.5 km dis tance down stream. In the up per parts of the
stream, schee lite oc curs mostly as an gu lar or subrounded grains
in fine (<0.4 mm) and coarse (>1.0 mm) frac tions (Fig. 5). Fine
(<0.4 mm) and an gu lar schee lite grains have glossy or an ad a -
man tine lus tre and pris tine edges of well-de vel oped crys tals (e.g.,
tetra gonal bi-pyr a mids). Grains with tab u lar habit are also pres ent. 
Some schee lite grains have eroded sur faces, cov ered by a thin
yel low-beige crust. Larger grains (1–2 mm in size) re flect the orig i -
nal size of the pri mary schee lite in bed rock. More over, the larger
schee lite grains have a sim i lar chem i cal com po si tion to schee lite
from the pri mary min er ali sa tion (e.g., WO3 – 81.3 wt.%, CaO –
18.4 wt.%, MoO3 < 0.4 wt.%). The con tent of coarse-grained
schee lite (>0.8 mm frac tion) in stream sed i ments is low (0.5%) but 
higher than in other ar eas of the Z³ote Moun tains (Mikulski, 2000).
Schee lite grains <0.2 mm in size com prise 40 to 90% of the to tal
schee lite con tent of stream sed i ment sam ples in this re gion.
Heavy min eral con cen trates also con tain other min er als in clud ing
il men ite (up to 30 g/m3 of al lu vial sed i ments), rutile, ti tan ite, he ma -

tite, mag ne tite, spi nels, ar seno py rite, py rite, cas sit er ite (sin gle
grains) and rare platy gold grains (0.1 to 0.4 mm in size). The ac -
ces sory min er als to the schee lite min er ali sa tion in clude bar ite, flu -
o rite, co run dum, an da lu site, disthene (kyan ite), sillimanite and up
to 60 g/m3 of zir con. 

MORPHOMETRIC FEATURES OF PLACER
SCHEELITE FROM STREAM-CHANNEL

SEDIMENTS

The com par i son of placer schee lite from stream-chan nel
sed i ments with that from the ar ti fi cial heavy min eral con cen trate 
(made from rocks host ing pri mary schee lite min er ali sa tion) al -
lowed for the fol low ing con clu sions. Nu mer ous intergrowths of
schee lite with other min er als (e.g., ti tan ite, quartz) ob served in
the bed rock con cen trate are rare in the al lu vial sed i ments
(Fig. 3). Most of schee lite grains sub jected to a short (~1 km
from the source) me chan i cal trans port are subrounded. An gu -
lar edges of schee lite crys tals de vel oped as tetragonal col -
umn-like or bi-pyr a mid fea tures seen on schee lite grains in bed -
rock are not vis i ble on grains in stream sed i ments. Fluid in clu -
sions are com mon in de tri tal schee lite grains in stream sed i -
ments close to the pri mary min er ali sa tion. The stud ies of these
in clu sions in de tri tal ma te rial re vealed sim i lar fea tures to those
of fluid in clu sions from the pri mary rocks (Mikulski and
Koz³owski, 2001). In grains fluvially trans ported more 2 km from 
their bed rock source, the fol low ing fea tures were ob served. All
of the coarse-grained schee lite loses its glassy lus tre and takes
on a matt sur face ap pear ance. In the fine frac tion, num bers of
schee lite grains with ad a man tine lus tre de crease. The sur face
of coarse-grained schee lite be comes eroded and cov ered by
beige coat ings of clay min er als.

GEOLOGICAL SETTING OF GOLD
MINERALISATION FROM 

THE W¥DRO¯E WIELKIE UNIT

The sec ond study area lies on the crys tal line base ment of
the W¹dro¿e Wielkie unit in the Fore-Sudetic Block (Fig. 6). The 
crys tal line rocks form iso lated hills that con trast only slightly with 

Placer scheelite and gold from alluvial sediments as indicators of primary mineralisation – examples from SW Poland 507

Fig. 4. The per cent share of schee lite grains within frac tions of de tri tal sam ples (n = 22) 
from the up per parts of the Brodek River near Droszków



the gen tle land forms of the re gion. Se lec tive chem i cal weath er -
ing, con trolled by tec ton ics, has led to for ma tion of an etch
plain-type land scape, partly bur ied un der the Ce no zoic strata
(Badura et al., 2004). The W¹dro¿e Wielkie unit com prises
strongly al tered and meta mor phosed Neoproterozoic and
Lower Pa leo zoic sed i men tary and vol ca nic rocks. These in -
clude coarse- and me dium-grained gneiss es, quartz-graph ite
schists, gra phitic quartzites, mica-quartz schists and
greywackes (Grocholski, 1986). The W¹dro¿e Wielkie area
hosts sev eral au rif er ous py rite-bear ing quartz veins. The veins
dip ver ti cally and strike NW–SE to N–S, are 50 to 250 m long
and a few cm to a few metres thick. The host rocks are gneiss es 
and vari able schists. Na tive Au is rare, oc cur ring mostly as
sub-mi cro scopic blobs in py rite in veins hosted by the gran ite
gneiss es (Zöller and Heuseler, 1926; Grodzicki, 1966). Fine
grains (<0.2 mm) of gold also oc cur in pit ted, cor roded quartz
with clay-sized ma te rial (Grodzicki, 1964). In the W¹dro¿e
Wielkie and the nearby Miko³ajowice ar eas, sig nif i cant but
short-term (1340 to 1370) placer gold min ing took place
(Dziekoñski, 1972). In 1343, dur ing the height of the “gold rush”, 
over 15 thou sand gold min ers worked here. Ac cord ing to
Quiring (1914), weekly pro duc tion amounted to ~19 kg of gold.
The com mon be lief was that the de tri tal gold in the Ce no zoic
strata was de rived from the quartz veins in the crys tal line base -
ment of this area.

Af ter the Variscan Orog eny, the Fore-Sudetic Block was
sub ject to strong up lift and de nu da tion (Oberc, 1972;
Cwojdziñski and ¯elaŸniewicz, 1995). The Ce no zoic strata infill
only lo cal de pres sions and con sist of thick cov ers of kaolinite-
 rich weath ered rocks and clastic de pos its (Berezowska and
Berezowski, 1979; Piwocki et al., 2004). Chem i cal weath er ing
and ero sion pre vailed in the Eocene and Early Oligocene. In the 
Neo gene, the W¹dro¿e Wielkie Mas sif was di vided by nu mer -
ous faults into mi nor grabens and horsts. Ba saltic vol ca nism
and deg ra da tion of high lands were con nected with tec tonic ac -

tiv ity at that time. By the end of the Qua ter nary gla ci ation, chan -
nels of the pres ent-day flu vial drain age sys tem were in cised into 
the base ment rocks and eroded de bris of the older regoliths and 
lithoclasts eroded dur ing gla cial phases. 

PLACER GOLD CHARACTERISTICS OF THE
W¥DRO¯E WIELKIE DRAINAGE SYSTEM

Iso lated oc cur rences of placer gold in the W¹dro¿e Wielkie
re gion oc cur ad ja cent to sur face ex po sures of gold-bear ing
quartz veins. Placer gold is found in eluvium–col lu vium sed i -
ments and peb bly to sandy grav els (al lu via) dis trib uted over ca. 5 
km dis tance along the Wierzbiak River val ley (Fig. 6). These lo -
cal oc cur rences have var i ous gold con cen tra tions, and dif fer in
grain size and mor phol ogy of the gold par ti cles (Wierchowiec,
2010). To de ter mine the re la tion ship be tween the gold plac ers
and their pri mary sources, gold grades were com pared with the
grain size, shape and chem i cal com po si tion of the gold par ti cles. 

Gold grades range from trace to 0.12 g/m3. The max i mum
Au con cen tra tion was found at the base of gravel lay ers. In gen -
eral, the gold grain size var ies be tween 0.03 and 1.5 mm. The
av er age grain size of gold in dif fer ent plac ers var ies be tween
0.23 and 0.66 mm (Fig. 7). The av er age size of gold through out
the en tire placer field along the Wierzbiak River val ley is
0.42 mm. Study of the mor phol ogy of placer gold grains from
eluvial and col lu vial pro files and com par i son with those from the
stream-chan nel sed i ments al lowed for the fol low ing con clu sions
re lated to their grav i ta tional/me chan i cal trans port in eluvial sed i -
ments, gold oc cur ring pre dom i nantly as crys tal inter growths (ag -
gre gates) and flaky grains with el e ments of skel e tal growth
(Fig. 7A). Most grains lack pits, but may have voids, from which
quartz has been re moved (Fig. 7B). They are rarely elon gated
with rounded and folded rims (Fig. 7C). They rep re sent mostly
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Fig. 5. His to grams of the % schee lite in spe cific size frac tions of heavy min eral sam ples
 in the up per part of the Brodek River study area



subrounded and rounded cat e go ries af ter Power’s (1953) clas si -
fi ca tion. The flat ness in dex (F.I. af ter Cailleux, 1945) for the to tal
gold grain pop u la tion sam pled from the W¹dro¿e Wielkie area
ranges from about 2 to 15, with a pre dom i nance of grains with
F.I. max ima <10 (Fig. 8A). An in crease in F.I. is ob served for the
gold par ti cles from the Wierzbiak River al lu vial sed i ments as pro -
gres sive ham mer ing in creases, which points to in creas ing flat -
ten ing for in creas ing size (x-axis length) of the grain (Fig. 8B).
The op po site was ob served in eluvial gold where gold grains be -
come less flat tened as their size in creases (Wierchowiec, 2010).
Gold grains have a pre served “ore” ap pear ance with only par -
tially cor roded sur faces show ing a me tal lic lus tre. In col lu vial sed -
i ments gold par ti cles show smooth ing and blunt ing of the sur -
faces and de vel op ment of etch pits cov er ing par ti cle sur faces
(Fig. 7B). A few crys tal inter growths with non-po rous me tal lic sur -
faces and in di vid ual flat, rounded gold grains were also found.
Gold par ti cles are free from quartz, but com mon inter growths of
gold grains with de tri tal min er als (e.g., rutile) and mica-clay
strongly sug gests the xenomorphic na ture of gold in the host
rock. In al lu vial sed i ments, most gold grains are coarser (up to
1.5 mm in size) com pared with the eluvial–col lu vial sed i ments.
The grains are com monly blunt with rounded and folded rims,

de void of inter- or overgrowths of other min er als and may have a
net work of voids. 

De tailed SEM in ves ti ga tion of in ter nal tex tural fea tures of
de tri tal gold grains from the var i ous sed i ments showed that, de -
spite the dif fer ences in mor phol ogy de scribed above, a num ber
of them show in ter nal zonation rang ing from rel a tively sil ver-rich 
cores to vir tu ally sil ver-free rims. Rims are ei ther con form able
with the grain mar gin or ir reg u lar. Both styles of Ag-de pleted
rims show sharp bound aries, sep a rat ing the bulk of the grain
from the de pleted rim. Sim i lar fea tures were re ported for gold
from else where in the Lower Silesia re gion (Banaœ et al., 1985;
Wierchowiec, 2007, 2010). In ter nal het er o ge ne ity in the zoned
par ti cles is clearly vis i ble in pol ished sec tions (in re flected light
or SEM back-scat ter ing; Fig. 9) and was quan ti fied by EPMA
anal y sis. 

Most gold par ti cles from the al lu vial sed i ments have, in ad -
di tion, ir reg u lar in ter con nected pits and ca nals, pre dom i nantly
at the mar gins of the grains. This sug gests that this gold was
sub ject to deep supergene al ter ation. In the up per part of the
placer de posit, where gold grains still have relicts of their pri -
mary mor phol ogy, the gold al ready bears ev i dence of deep cor -
ro sion and leach ing, with high-pu rity rims vary ing in thick ness
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Fig. 6. Sim pli fied geo log i cal map (af ter Berezowska and Berezowski, 1979) with lo ca tion of aban doned 
placer min ing ar eas and sam pling sites



within 5–20 µm (Fig. 9A). In the lower part of the placer, where
the ex tent of supergene al ter ation of gold is much greater, most
of the gold grains have rims thicker than 10–20 µm or are nearly 
com pletely pure gold (Fig. 9B). The pu rity of the rims ex pressed 
in terms of fine ness ranges be tween 984 and 1000, while that of 
the cores ranges be tween 773 and 884 (Wierchowiec, 2010).
Some po rous “pure” gold grains (fine ness >995; Fig. 9C) were
de rived prob a bly from re worked pre-ex ist ing plac ers or were
formed dur ing Neo gene weath er ing. These po rous high fine -
ness gold grains con sti tuted only 1 to 2% of the gold. There fore, 
the source of gold in the study area is likely to be re lated to lo cal
bed rock sources in the Wierzbiak River catch ment ba sin. 

DISCUSSION

This study of de tri tal schee lite and gold in Ce no zoic clastic
sed i ments from the Sudetes and Fore-Sudetic Block doc u ments
sev eral phys i cal fea tures which may po ten tially be a use ful tool in 
min eral ex plo ra tion. A com bined study of the mor phol ogy of
schee lite and gold grains makes pos si ble the eval u a tion of their
changes re sult ing from me chan i cal trans port. In the case of the
de tri tal schee lite from the Brodek River, which is drain ing south -
ern slopes of the Ptasznik meta mor phic cover on the Variscan
KZS Granitoid Pluton, it was pos si ble to iden tify pri mary schee -
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Fig. 7. Sche matic cross-sec tion of the W¹dro¿e Wielkie placer field (com piled af ter Wierchowiec, 2010) 
show ing the lo ca tion of panned sam ples col lected from eluvial, col lu vial and al lu vial de pos its

In serts of sec ond ary elec tron mi cro graphs show dif fer ent shapes and morphologies of de tri tal gold from var i ous clastic sed i ments:
A – typ i cal an gu lar gold grain from eluvial grav els with pre served “ore” ap pear ance and only par tially cor roded sur face (note trapped
quartz-clay in clu sions – q); B –  subrounded lobate par ti cle of gold from col lu vial sed i ments with ran dom dis so lu tion pits and ir reg u lar 
ca nals; C – typ i cal flaky gold grains: flat tened par ti cle show ing ev i dence of in tense ham mer ing and round ing
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Fig. 8A – Cailleux flat ness in dex for the to tal gold grain pop u la tion from the W¹dro¿e Wielkie area; 
B – from the Wierzbiak River val ley



lite-ti tan ite min er al iza tion of vein and dis sem i nated types.
Coarse grains of schee lite (>1.0 mm in size) with char ac ter is tic
sharp edges oc cur only near the out crops of the pri mary tung -
sten min er al iza tion. Due to the low hard ness and brit tle na ture of
the schee lite, it dis in te grated dur ing me chan i cal trans port in the
stream (Stendal, 1978). Very small grains (<0.1 mm) of schee lite 
are al most com pletely ab sent in panned con cen trates be cause
ma te rial was lost dur ing pan ning and hy dro dy namic ef fects that
trans port the small est grains far from the source area as sus -
pended load (Saxby and Fletcher, 1986).

Schee lite con cen tra tion in al lu vial sed i ments of the Z³ote
Moun tains is subeconomic. Only plac ers with schee lite con cen -
tra tions from hun dreds to thou sands of grams per cu bic metres
of al lu vial have eco nomic value (e.g., in Rus sia from 1000 to
2000 g/m3). In Spain, schee lite (0.1–3.0 mm size) con cen tra -
tion in ac tive al lu vial sed i ments around tung sten de pos its is a
few g/m3. In these ar eas and up to 1.5 km from the out crops of
pri mary min er ali sa tion, schee lite grains are <1.0 mm in size
and the to tal con cen tra tion of schee lite de creases to <1 g/m3

(Fernandez-Turiel et al., 1992). In the west ern parts of the
Nizke Tatra Moun tains of Slovakia, schee lite con tent in pan
con cen trates of 5 to 50 g/m3 were con sid ered as anom a lous

and sub ject to more de tailed pros pect ing to find the pri mary
bed rock source (Pecho, 1983). Sum ma riz ing the find ings within 
stream-chan nel sed i ments, an gu lar and coarse-grained schee -
lite (>1 mm in size) in di cates prox im ity (<1 km) to out crops of
pri mary schee lite min er ali sa tion. 

Our study of de tri tal gold grains from eluvial–col lu vial and
al lu vial sed i ments of the aban doned placer gold de pos its near
the W¹dro¿e Wielkie leads to sev eral con clu sions about the
supergene mo bil ity and post-depositional reprecipitation of the
gold. The fea tures of the de tri tal gold sug gest that the pro cess
of gold de po si tion in the stream sed i ments in volved sev eral cy -
cles and that the high-pu rity gold was con cen trated ear lier. It is
likely that the pri mary sources of gold for the Wierzbiak River
plac ers are eluvial and col lu vial sed i ments cov er ing the
W¹dro¿e Wielkie gneiss es. Dur ing the pe riod of ero sion and
downcutting along the val ley in the Late Pleis to cene, gold was
re de pos ited from the au rif er ous eluvium–col lu vium and prob a -
bly also from older Ce no zoic plac ers. The oc cur rence, dis tri bu -
tion and com po si tion of the gold evolved dur ing the weath er ing
of the fresh au rif er ous rocks. Weath er ing of gra nitic gneiss es
re leased gold grains from min er al ised veins into the weath er ing
cy cle. Me chan i cal and chem i cal re work ing of gold par ti cles ren -
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Fig. 9. Back-scat tered elec tron im ages of placer gold grains show ing intragranular tex ture and chem i cal het er o ge ne ity
on pol ished sec tions of par ti cles; the lighter the tone the higher the fine ness (gold con tent)

A – an gu lar grain with high Ag con tent and no marked core to rim Au/Ag vari a tion (no Ag-free rim), eluvial de pos its, sam ple WW;
B –  subrounded typ i cal pri mary Ag-rich grain core (dark gray) sur rounded by Ag-poor rim (light gray), note the sharp core-rim con -
tact, fig ure also shows how smear ing of the rim can form a cav ity (ct), al lu vial de pos its, sam ple W1; C – rounded gold par ti cle with
well-de fined core of electrum (dark grey) sur rounded by high pu rity Au rim (light grey); al lu vial de pos its, sam ple W4; D – rounded
high pu rity gold par ti cle with char ac ter is tic sponge-like tex ture, note the ir reg u lar pits, cor roded cav i ties and chan nels that co alesce 
to form den dritic net works, sam ple W9; sam ple lo ca tions are shown in Fig ure 6



dered them pro gres sively smaller, rounded and pit ted as the
weath er ing ad vanced (Figs. 7 and 8). Most al lu vial gold grains
en coun tered in the heavy min eral sands from the Wierzbiak
drain age sys tem are blunt with rounded and folded rims and
may have a net work of voids. The gold grains are de void of
inter- or overgrowths of other min er als. The study re veals that
placer gold is coarser-grained in the up per course of the
Wierzbiak River val ley than in the eluvial–col lu vial ho ri zons (up
to 1.5 mm in size), and oc curs pre dom i nantly as flat, semi- and
mod er ately rounded par ti cles (Wierchowiec, 2010). The mor -
phol ogy of gold grains from the mid dle course of Wierzbiak
River is sim i lar to that of gold from the up per part of the placer.
How ever, there is a sig nif i cant in crease of flaky forms (Fig. 7C)
and a higher de gree of round ness, with mod er ately rounded
and even well-rounded grains pres ent in the large size frac -
tions. Some of the gold par ti cles show marks of slight pres sure
and abra sion, due to which nu mer ous quartz, clay and Ti-min -
eral in clu sions are over printed by sur round ing gold grains.
Rarely, the large gold grains are lobate or ir reg u lar, with
worm-like gold overgrowths. Most of the fine (<0.2 mm) gold
grains are flaky, with a mi nor pro por tion of 3D par ti cles.

Ac cord ing to the dis tri bu tion of sil ver in the gold grains,
there are two cat e go ries of gold grains: (1) zoned gold, with a
re mark able core-to-rim zonation and vari able sil ver con tent

through out, and (2) ho mo ge neous gold. Ho mo ge neous gold
grains from all ho ri zons are typ i cally po rous and chem i cally pu -
ri fied with out pro nounced intra- or inter-par ti cle vari a tion in fine -
ness (Fig. 9D), but some of eluvial gold par ti cles are ho mog e -
nous Au-Ag al loys de void of pores (Fig. 9A).

Com monly, Ag and other met als al loy ing with gold are
leached and dis persed in the geo log i cal en vi ron ment while Au
may be dis solved, trans ported and reprecipitated. Weath ered
gold grains show a higher fine ness and have rims or veinlets of
pure gold around a core sim i lar in com po si tion to that of the pri -
mary gold (e.g., Hérail et al., 1990; Varajão et al., 2000). 

The gold is largely re sid ual in or i gin with vari able con tri bu -
tions from sec ond ary Au pre cip i ta tion. Changes of the ini tial
mor phol ogy of gold grains are re lated not only to de for ma tion
but also to the over growth of authigenic gold, which forms pro -
tru sions in voids of pu ri fied spongy grains or worm-like films on
the relic gold grain sur faces. Some po rous gold par ti cles with a
spongy ap pear ance and in ner ir reg u lar cav i ties filled with
fine-grained supergene min er als may have formed dur ing the
post-depositional stage and are strictly authigenic in or i gin.
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