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Chem i cal and min er al og i cal anal y ses of in di vid ual de tri tal gold grains col lected from re cent chan nel-fill de pos its of
¯eliszowski Creek, lo cated be tween the towns of Lwówek Œl¹ski and Boles³awiec, were made, to gether with de ter mi na tion of 
the Au-bear ing min eral as sem blages and in di ca tion of prob a ble source ar eas. The ana lysed gold grains have ad mix tures of
sil ver, mer cury and cop per. Nu mer ous in clu sions of ore min er als, mainly Cu, Hg selenides and Cu, Pb and Bi sulphides were
found in the de tri tal gold grains. These min er als are char ac ter is tic of Perm ian, Au-bear ing, red-bed suc ces sions in the re -
gion, and of quartz veins of the Kaczawa Meta mor phic Com plex. This sup ports the hy poth e sis of a poly gen etic or i gin for the
Lower Silesian al lu vial gold-bear ing de pos its. The ap plied re search meth od ol ogy may be suc cess fully used in polymetallic
ore de posit pros pect ing more gen er ally.
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INTRODUCTION

Pub lished min er al og i cal and chem i cal re search into gold
grains from Pol ish Ce no zoic placer de pos its has mainly been
based on the par ti cles’ mor phol ogy (shape, size, round ness,
sur face tex tures) and on the min er al og i cal-petrographic com -
po si tion of the Au-bear ing sed i ments. This kind of re search was 
un der taken by Grodzicki (1963, 1964a, b, 1966, 1969), who
ana lysed gold-bear ing de pos its from the vi cin ity of Z³otoryja,
Miko³ajowice-W¹dro¿e Wielkie and Lwówek Œl¹ski-
Boles³awiec. Such re search helped re veal the com plex and
pro longed gen e sis of the Sudetic gold-bear ing de pos its, which
was ini ti ated in the Paleogene and con tin ued into the Ho lo cene
(Grodzicki, 1972, 1989, 1990, 1997, 1998, 2011).

Sub se quent in ves ti ga tions, sup ple mented with chem i cal
anal y ses of gold grains, led to re vi sion of mod els of the or i gin of
these Lower Silesian oc cur rences of de tri tal gold. So far, three
main types of source area for the lo cal de tri tal gold have been
pro posed:

1. red-bed type Perm ian Cu-polymetallic for ma tion of the
North Sudetic Ba sin (Urbañski, 2010; Muszer, 2011;
Oszczepalski et al., 2011; Wierchowiec and Zieliñski,
2017; Kania, 2018);

2. quartz veins, mainly of the Kaczawa Meta mor phic Com -
plex (Kania, 2018; Wierchowiec et al., 2021) and gran ite 
gneiss of the W¹dro¿e Mas sif (Grodzicki, 1966; Mikulski 
and Wierchowiec, 2013; Wierchowiec et al., 2018);

3. ad ja cent rocks of the Izera-Karkonosze Block
(Grodzicki, 1963, 1969).

Fur ther more, the lo cal gold-bear ing sands and peb bles
may also be en riched in gold grains which orig i nally crys tal lized
in the pri mary Au-polymetallic de pos its of Scan di na via
(Jêczmyk and Krzemiñska, 1996; £uszczkiewicz and Muszer,
1999; Muszer, 2011). Some of the ana lysed gold grains were
also de scribed as prob a bly anthropogenic-type par ti cles
(Wierchowiec, 2010, 2011; Muszer et al., 2016; Kania and
Muszer, 2017).

This study com bines de tailed chem i cal anal y ses with ex plo -
ra tion and iden ti fi ca tion of min eral microinclusions in gold
grains, es pe cially of ore min er als. Such meth od ol ogy has not
been pre vi ously ap plied to study of the Pol ish oc cur rences of
the de tri tal gold, al though it was ap plied by Brit ish ge ol o gists
(Leake et al., 1995) in ves ti gat ing gold grains from Ec ua dor, the
Ma lay Pen in sula, Bor neo and Zim ba bwe. Microinclusions were
also stud ied by Kelley et al. (2003), who used it in pros pect ing
for Au-bear ing hy dro ther mal veins in French Guy ana.

The chem i cal com po si tion of gold grains and min er al ogy of
the microinclusions can be used to de ter mine con di tions of gold 
min er al iza tion and to in di cate the type of pri mary de posit.
There fore, such re search can be ap plied in pros pect ing for
Au-polymetallic de pos its, of ten rich in other scarce met als like
sil ver, plat i num, pal la dium, tel lu rium, bis muth and an ti mony.
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METHODS AND MATERIALS

The field work in cluded col lect ing sam ples of gold-bear ing
sed i ments and their si mul ta neous, pre lim i nary con cen tra tion
on-site. The sam pling site con sti tuted re cent chan nel-fill de pos -
its of ¯eliszowski Creek, which is sit u ated in an area of the
gold-bear ing sed i ments lo cated be tween Lwówek Œl¹ski and
Boles³awiec towns (Figs. 1 and 2).

Suf fi cient gold grains were col lected to al low de tailed min er -
al og i cal and chem i cal stud ies, al though de ter min ing the pre cise 
con tent of gold in the ana lysed al lu vial sed i ments was not
needed for this study. Sam ples were col lected from places pre -
dis posed to con cen tra tion of heavy min er als, such as cracks in
and spaces be tween boul ders, cav i ties in the river bed and pot -
holes. MKG de vices were used in ex plo ra tion of the river bed
(Muszer et al., 2016; Kania, 2018; see also Kania, 2020 for fur -
ther de tails of all the meth od ol ogy used).

The con cen trate sam ples were sub se quently pan-washed,
and the larg est, mac ro scop i cally vis i ble gold grains were re cov -
ered. The rest of the ma te rial was sifted on a 2 mm mesh sieve,
then fur ther pre pared at the De part ment of Eco nomic Ge ol ogy
of The In sti tute of Geo log i cal Sci ences (Uni ver sity of Wroc³aw),
first us ing a con cen tra tion ta ble (Wilfrey type) with mul ti ple re -
pro cess ing. Di am e ters of iso lated gold grains were mea sured
us ing a bin oc u lar mi cro scope. The heavy min eral con cen trate
ob tained con tained, other than na tive gold, grains of mag ne tite,
il men ite, haematite, martite, rutile, ana tase, goethite, zir con,
psilomelane, pyrolusite, mi nor cas sit er ite, monazite, gar net, ap -
a tite, schee lite, wolf ram ite, py rite and in di vid ual grains of chal -
co py rite, bornite and covel lite.

Pol ished sec tions were made from thus-iso lated gold grains 
mounted in ep oxy rai sin and sub se quently were grinded and

pol ished. Struers ma te ri als were used: di a mond discs (Pi ano
type) for grind ing, and cloths (MD-Dur, MD-Mol MD-Nap with
ded i cated so lu tions) for pol ish ing.

The min er al og i cal and chem i cal com po si tion was es tab -
lished both of the ep oxy-em bed ded gold grains and of the
microinclusions pres ent within them.

Qual i ta tive as sess ment of the grains’ mor phol ogy was
based on their cross-sec tions, to which a sim pli fied DiLabio
(1991) clas si fi ca tion was ap plied. Here, a pris tine class is rep re -
sented by ir reg u lar, an gu lar grains, while a mod i fied class in -
volves abraded grains with less well-marked fea tures, that pre -
serve their orig i nal ir reg u lar out lines but with curved or lo cally
blunted edges. Grains sub jected to a more in tense abra sion are 
clas si fied as re shaped, where orig i nal fea tures are to tally
erased, to yield a reg u lar, rounded shape.

To en able com par i son of the gold grains’ shape (round ing,
ir reg u lar ity) with their chem i cal and min er al og i cal com po si tion
(al loys, in clu sions), an orig i nal pro ce dure was ad di tion ally ap -
plied. This method is based on an out line de vel op ment in dex (K
in dex), de fined as the re la tion of the length of a par tic u lar grain’s 
out line to the length of cir cum fer ence of a cir cle of an area equal 
to that of the ana lysed grain (Kania, 2020). A gold grain mi grat -
ing in sed i ments is orig i nally ir reg u lar, and be comes pro gres -
sively rounded (Hérail et al., 1990; DiLabio, 1991; Loen, 1995;
Wierchowiec, 2002; Kelley et al., 2003; Townley et al., 2003).
There fore, the re la tion be tween that grain’s out line and the area 
of its cross-sec tion steadily de creases (Kania, 2020). The K in -
dex is used in en vi ron men tal sci ences to cal cu late de grees of
lakeshore de vel op ment (Mizerski and ¯ukowski, 2001;
Choiñski, 2007). It can be adopted in min er al og i cal in ves ti ga -
tions to pro vide an ob jec tive eval u a tion of grain shape and to
en able fur ther com par a tive and sta tis ti cal anal y ses.

2 Marcin Kania / Geo log i cal Quar terly, 67: 12

Fig. 1. Gen er al ized geo log i cal map of the west ern part of the Lower Silesian Block with out Ce no zoic de pos its (GeoLOG, mod i fied)

Pt3 – Up per Pro tero zoic, Cm1 – Lower Cam brian, O – Or do vi cian, C1 – Lower Car bon if er ous, C2 – Up per Car bon if er ous, Ps – Rotliegend, 
Pz – Zechstein, Tp – Tri as sic (Bunter Sand stone), Kc+t – Cre ta ceous (Cenomanian and Turonian), K2 – Upper Cretaceous 
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The pa ram e ters re quired to cal cu late the K in dex were mea -
sured on BSE im ages of the gold grains, which are char ac ter -
ized by a high con trast be tween the par ti cles and the back -
ground. To pro vide the mea sure ments, Surfer® soft ware was
used. The out lines of the grains were de fined in the form of poly -
gons, with ver ti ces lo cated at an av er age dis tance of 77 nm.

To es tab lish the phase com po si tion of Au al loys and make
pre lim i nary iden ti fi ca tions of min eral in clu sions, the gold grains
were ob served in re flected light, us ing a uni ver sal Nikon Eclipse 
LV100 POL mi cro scope. Ob ser va tions of microinclusions finer
than 10 µm were vi a ble due to the use of a dig i tal dis play cou -
pled with the mi cro scope. This set of de vices en abled to tal
mag ni fi ca tion of up to 2500x.

The re sults of the di ag nos tic anal y ses in re flected light were
al ways ver i fied by means of EDS anal y ses, per formed in the
Lab o ra tory of Elec tron Mi cros copy of the Wroc³aw Re search
Cen tre EIT+, us ing a FEI Quanta SEM with SDD Bruker XFlash 
EDS de tec tors. The meth od ol ogy of the EDS anal y ses is de -
scribed in de tail in the Ap pen dix 1

GEOLOGICAL SETTING

The area of the sam pling site com prises unlithified de pos its
of the youn ger Ce no zoic, from Oligocene to Ho lo cene, as de -
scribed be low. These di rectly over lies the Me so zoic base ment,
which out crops oc cur in the en tire study area and is rep re -
sented by var i ous sed i men tary rocks, from Perm ian to Cre ta -
ceous age, though lack ing the Ju ras sic (Fig. 2).

The Me so zoic strata are un der lain by the rocks of the
Kaczawa Meta mor phic Com plex (KMC), also called the
Z³otoryja-Luboradz Unit (Baranowski et al., 1990) or the
Kaczawa Schist-Greenstone Fold Belt (¯elaŸniewicz et al.,
2011). The Belt is com posed of Paleozoic vol ca nic-sed i men -
tary rocks, meta mor phosed dur ing the Variscan orog eny. This
com plex is bounded to the south-west by the Intra-Sudetic
Fault, on the north, to the east by the Odra Dis lo ca tion Zone,
and to the south by the Strzegom-Sobótka Gran ite Mas sif and
the Œlê¿a Mas sif (¯elaŸniewicz et al., 2011). The Belt ex tends
to the west, be yond the Pol ish-Ger man bor der, pass ing into the
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Fig. 2. Lo ca tion of the sam pling site, with sim pli fied geo log i cal map and re lief map (compiled af ter Grocholski, 1956; Milewicz,
1959; Grodzicki, 1969; Cymerman et al., 2009, 2012; Badura, 2013; Przybylski and Ihnatowicz, 2013)



Zgorzelec Phyllitic Fold Belt (Baranowski et al., 1990;
¯elaŸniewicz et al., 2011).

The KMC’s evo lu tion can be di vided into two phases.
Firstly, a pre-orogenic phase com prised ini tial (Cam brian-Or do -
vi cian) and ma ture (Si lu rian-Early Car bon if er ous) stages of
oce anic crust for ma tion. Sec ondly, there was the Variscan
orog eny, when the Kaczawa Com plex was de formed and al -
tered, mainly in greenstone fa cies con di tions (Furnes et al.,
1994; Kryza, 2008).

The Variscan mas sif of the Kaczawa Com plex was re built
dur ing the Asturian phase, hav ing un der gone sub si dence
caused by NNE-SSW crustal stretch ing. In the west ern part of
the stretched Variscan base ment a sed i men tary ba sin formed,
the be gin ning of the North Sudetic Ba sin de vel op ment
(Baranowski et al., 1990; Karnkowski, 1999; Solecki, 2008).
The ba sin is filled with un al tered, weakly tec toni cally dis turbed
sed i men tary rocks dat ing from the Up per Car bon if er ous to the
Up per Cre ta ceous. Sed i men ta tion was brought to an end by
the Laramian phase of the Al pine orog eny (Baranowski et al.,
1990; Solecki, 2011).

Ini tially, in the Late Car bon if er ous, this Ba sin formed as a
num ber of iso lated fault troughs, filled by the prod ucts of ero -
sion of the sur round ing Variscan base ment highs (Mastalerz
and Raczyñski, 1993; Solecki, 2008). Lithified clastic rocks
com prise the sed i men tary suc ces sion of the Up per Car bon if er -
ous-Lower Perm ian, in typ i cal Rotliegend fa cies (Górecka,
1970; Baranowski et al., 1990; Solecki, 2008). Dur ing the
orogenic move ments of the Saalian phase re newed vol ca nism
took place (Koz³owski and Parachoniak, 1967; Kiersnowski et
al., 1995). Around the end of the Early Perm ian, the iso lated
fault troughs amal gam ated into one, ex ten sive sed i men tary ba -
sin (Œliwiñski et al., 2003).

Si mul ta neously, the late Car bon if er ous to early Perm ian
wit nessed the for ma tion of the gold-bear ing polymetallic quartz
veins of the KMC, known mainly from the area of Radzimowice,
Klecza-Radomice, Nielestno-Pilchowice, and Wielis³aw Z³oto -
ryjski. This hy dro ther mal min er al iza tion was gen er ated by lo cal
mag matic and vol ca nic phases, from the Bashkirian to the
Artinskian (Mikulski, 2007a, c; Mikulski and Wil liams, 2014).

The Zechstein ma rine trans gres sion re sulted in a thick se -
quence of evaporitic de pos its: metal-bear ing marls, lime stones, 
dolomites, an hyd rites and sand stones (Baranowski et al., 1990; 
Solecki, 2008, 2011). The evaporites rep re sent PZ1, PZ2 and
PZ3 cyclothems (Raczyñski, 1997; Œliwiñski et al., 2003). Con -
ti nen tal sed i ments of the Buntsandstein were de pos ited af ter
the Zechstein re gres sion. Ma rine sed i men ta tion was re-es tab -
lished lo cally in part of the ba sin dur ing the Mid dle Tri as sic and
con tin ued dur ing the Late Tri as sic (Baranowski et al., 1990;
Solecki, 2008, 2011). A fur ther ma rine trans gres sion oc curred
in the Cenomanian. As a re sult, a thick (~600 m) suc ces sion of
sed i men tary rocks ac cu mu lated (Baranowski et al., 1990). To -
wards the top of the Cre ta ceous suc ces sion, the de pos its be -
come finer, from Cenomanian con glom er ates and sand stones,
through Turonian and Coniacian sand stones, to Santonian
con ti nen tal clays and clayey sand stones, interbedded with
brown coal seams (Milewicz, 1997; Solecki, 2008, 2011).

The Laramian tec tonic ac tiv ity around the Cre ta -
ceous-Paleogene bound ary re sulted in a change of a tec tonic
re gime from ten sional to com pres sive (Solecki, 1995, 2011). In -
ver sion of the sed i men tary ba sin led to de vel op ment of the
North Sudetic Ba sin. Re gional NNE–SSW and NE–SW com -
pres sion pro duced tec tonic struc tures such as Wleñ and
Œwierzawa troughs, and Leszczyna and Boles³awiec syn clines
(Baranowski et al., 1990; Solecki, 2011).

In the Ce no zoic fur ther sub si dence and sed i men tary de po -
si tion took place (Solecki, 2008). In the Oligocene grav els were
de pos ited, and in the Mio cene sands, grav els, clays and muds
with a few lig nite seems (Grocholski, 1956; Milewicz, 1959;
Grodzicki, 1969, 1998), in the Mio cene and Plio cene, kaolinic
sands and grav els ac cu mu lated (Baranowski et al., 1990).
Mean while, around the Paleogene-Neo gene bound ary, ba saltic 
vol ca nism de vel oped (Birkenmajer et al., 1977; Baranowski et
al., 1990; Solecki, 2008). Dur ing the Pleis to cene preglacial
grav els and postglacial sed i ments of the South Pol ish (Mindel)
and Mid-Pol ish (Riss) glaciations were de pos ited. The Pleis to -
cene flu vio gla cial and al lu vial, Ho lo cene al lu vial and
anthropogenic de pos its rep re sent the youn gest strata in the
study area (Baranowski et al., 1990).

OCCURRENCE OF THE GOLD ORE
MINERALIZATION IN THE STUDY AREA

In the study area and its vi cin ity, gold min er al iza tion has
been found in two set tings. Lo cally, higher con tents of Au oc cur
in de pos its that over lie epi-Variscan and Ce no zoic strata; these
re sult from a range of de posit-form ing pro cesses and in clude
red-bed for ma tions and unlithified gold-bear ing sed i ments.

Gold min er al iza tion is ob served in stratabound, polyme -
tallic, red-bed Perm ian strata across a large area of the North
Sudetic Ba sin. Ini tial re ports were lim ited to the „old cop per dis -
trict” min ing area. The pres ence of Au traces within lo cal
Cu-bear ing marls was shown by Konstantynowicz (1971),
whilst Kucha et al. (1982) de ter mined the con tent of gold in ore
sam ples from the Konrad Mine as 4–10 ppm and in di cated na -
tive sil ver as a main Au-bear ing min eral (Oszczepalski et al.,
2011). Gold pros pect ing in the North Sudetic Ba sin was ex -
panded in the 1990s to the Rotliegend-Zechstein con tact zone
(Speczik and Wojciechowski, 1997; Wojciechowski, 1998,
2001, 2011; Oszczepalski et al., 2011).

Gold within the su per fi cial sed i men tary rocks of the Ba sin
was best char ac ter ized around Nowy Koœció³. Con glom er atic
sand stone of Rotliegend age forms the low est part of the lo cal
Cu-bear ing suc ces sion, above which are Lower Zechstein car -
bon ates (Basal Lime stone), then mot tled marl, Cu-bear ing marl
and Pb-bear ing marl. These are over lain by karstic lime stones
with cav i ties filled with re sid ual rock ma te rial: brec cia, cal cite
and clay min er als. The Up per Zechstein clastic rocks, rep re -
sented by met al lif er ous claystones and red sand stones, con sti -
tute the up per most part of the pro file (Romaniec and Janiec,
1957; Wojciechowski, 2001).

A two-part struc ture is char ac ter is tic of the polymetallic
red-beds in Po land. The up per part of the metal-bear ing pro file
is rep re sented by sed i men tary rocks formed in a re duc ing en vi -
ron ment, and the lower part by ox i dized de pos its. Ac cord ing to
Konstantynowicz (1965) and Skowronek (1968), the ox i dized
zone is of pri mary, synsedimentary or i gin, though more re cent
stud ies (Oszczepalski, 1989, 1999; Oszczepalski and
Rydzewski, 1995, 1997; Piestrzyñski et al., 1997, 2002;
Speczik et al., 1997, 2003; Kucha and Przyby³owicz, 1999;
Piestrzyñski and Wodzicki, 2000; Oszczepalski et al., 2011)
sug gest that it has a post-sed i men tary or i gin, with ox i da tion of
rocks orig i nally de pos ited in re duc ing con di tions. Its char ac ter -
is tic red col our is due to he ma tite and Fe hy drox ides as both
grains and com po nents of the ce ment (Rentzsch and Langer,
1963; Skowronek, 1968; Oszczepalski, 1989; Oszczepalski
and Rydzewski, 1995 vide Oszczepalski et al., 2011). A tran si -
tional re dox zone is char ac ter ized by a grad ual col our change
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from red to grey. Within this zone Fe ox ides co ex ist with
Cu-bear ing sulphides: covel lite, bornite, py rite, chal co py rite, of -
ten re placed by haematite.

The bound ary be tween the ox i dized and re duced zones is
dis cor dant in the strata of the North Sudetic Ba sin. The re dox
front is gen er ally lo cated within the marls, and lo cally in volves
the un der ly ing Basal Lime stone (Oszczepalski et al., 2011).
The two-fold struc ture of the polymetallic suc ces sion is a con se -
quence of its geo chem i cal di ver sity: lead and sil ver are con cen -
trated within the re duced zone, while deeper tran si tion and ox i -
dized zones are en riched in no ble met als such as gold and
PGEs. Au con tent in the ox i dized zone is higher than that in the
re duced and tran si tion zones by one to nearly three or ders
(Oszczepalski et al., 2011).

Gold con cen tra tions within the Rotliegend-Zechstein con -
tact zone are much higher in the area of the Fore-Sudetic
Monocline than in the North Sudetic Ba sin (Oszczepalski, 2007; 
Oszczepalski et al., 2011). Around Lwówek Œl¹ski it reaches
18–40 ppb, while within Perm ian sed i men tary rocks lo cated
along the south ern edge of the Ba sin it does not ex ceed 100
ppb (Wojciechowski, 2001). There is a gold-bear ing ho ri zon,
0.6 m thick, lo cated within Perm ian strata in the area of Nowy
Koœció³, en riched with Au up to 5.19 ppm. This higher con cen -
tra tion of gold co ex ists with a pos i tive anom aly of Hg and F (up
to 4.4 ppm and 0.12 wt.%, re spec tively). The lo cal Au-bear ing
ho ri zon com prises a sandy - ar gil la ceous in ter val that sep a rates 
con glom er atic sand stones from the Basal Lime stone. The gold
here was iden ti fied only by chem i cal meth ods, ap par ently in a
form of ad sor bate on Fe and Mn ox ides and within pore spaces
com bined with haematite (Wojciechowski, 2001).

Ce no zoic gold-bear ing de pos its con sti tute the sec ond type
of the gold ore in the study area, hav ing one of the high est gold
con tent amongst unlithified de pos its in Po land. They oc cur as
iso lated lay ers, which ex tend from Bo¿ejowice, Nowe
Jaroszowice and £aziska in the north to Dworek and Sobota in
the south (Domaszewska, 1964; Grodzicki, 1969). Grodzicki
(1998, 2011) dis tin guished four phases of their de vel op ment.
He in di cated that the Oligocene-Neo gene strata are the old est
that are gen u inely Au-bear ing and that the youn ger de pos its
(preglacial, Pleis to cene and Ho lo cene) were formed due to
wash ing of the older ones. The de pos its cre ated dur ing the first
two phases are char ac ter ized by a sig nif i cantly higher amount
of na tive gold, of up to 15 g/t in places (Quiring, 1913, 1914;
Schumacher, 1924; Grodzicki, 1963, 1969).

The Oligocene-Neo gene phase oc curred un der warm and
hu mid cli ma tic con di tions. The gold-bear ing source rocks un -
der went in tense me chan i cal ero sion, to form eluvial - deluvial
cov ers of gravel and sand. The grav els and sands con tain im -
pu ri ties and interlayers of ar gil la ceous – loamy ma te rial with
higher Au con cen tra tions (Grodzicki, 1966, 1998). Ac cord ing to
Grodzicki (1972, 1998) the Oligocene-Neo gene phase is rep re -
sented by part of the al lu vial white and yel low quartz grav els
and sands oc cur ring north of Lwówek Œl¹ski. In the area of
W³odzice these >4 m-thick de pos its di rectly over lie lithified
base ment com posed of Up per Cre ta ceous sand stones
(Grodzicki, 1969). The gold grains ap pear in the form of yel low
scales, flakes and wires with a red col or ation, mostly <0.5 mm in 
size (Grodzicki, 1969, 1998).

The sec ond, preglacial phase in cludes the Up per Plio cene
and the Lower Pleis to cene. Al pine (Rodanian and Wallachian)
orogenic tec tonic pro cesses and cli mate cool ing in ten si fied flu -
vial ero sion. Par tial wash out of older gold-bear ing de pos its oc -
curred east of Lwówek Œl¹ski and north-east of Z³otoryja. The
re de pos ited sed i ments are char ac ter ized by con sid er able
petrographic and min er al og i cal va ri ety, with co-ex is tence of
peb bles and min er als of vary ing re sis tance to abra sion and

chem i cal weath er ing. The con tent of less weath er ing-re sis tant
min er als is higher than in the Oligocene-Neo gene de pos its,
while na tive gold oc curs in trace amounts (Grodzicki, 1963,
1972, 1998).

Pleis to cene cli mate cool ing led to sup pres sion of chem i cal
weath er ing of the gold-bear ing source rocks. With re duced
weath er ing, there was im pov er ish ment of the Pleis to cene de -
pos its in gold. Higher con cen tra tions of na tive gold oc cur only
within the postglacial de pos its of the South Pol ish gla ci ation
(Mindel), en riched via re work ing of older Au-bear ing de pos its
(Grodzicki, 1963, 1998).

Ac cord ing to Grodzicki (1963) Ho lo cene gold-bear ing sed i -
ments are com posed of both Au grains re de pos ited from older
de pos its and de pos ited di rectly from cur rently eroded source
rocks. The av er age con tent of na tive gold within the con tem po -
rary al lu vium of the Kaczawa river ba sin is 0.02 g/t. The main
min eral com po nents of the Ho lo cene de pos its of the Z³otoryja
area are quartz grains, por phyry and quartz ite clasts, and mi nor 
amounts of crys tal line schist, phyllite, am phi bo lite and gran ite.
The heavy min eral com po si tion is dom i nated by epidote, mag -
ne tite, il men ite, leu co xene, zir con and rutile, mi nor amounts of
gar net, kyan ite, hornblende, tour ma line and haematite. Grains
of ana tase, sphene, to paz, chryso beryl and co run dum co ex ist
with na tive gold in trace amounts (Grodzicki, 1963).

RESULTS

MORPHOLOGY AND CHEMICAL COMPOSITION

Four teen gold grains were se lected for de tailed min er al og i -
cal-chem i cal study. The gold grains from the ̄ eliszowski Potok
sed i ments are mostly of mod i fied type sensu DiLabio (1991).
They are char ac ter ized by den dritic, par tially rounded shapes
(grains Z-1, Z-6, Z-11, Z-12), and nu mer ous overgrowths and
voids af ter rock-form ing min er als (Z-2, Z-3, Z-13). The Z-8 gold
grain is char ac ter ized by the high est K in dex value with its ir reg -
u lar, den dritic shape, typ i cal of pris tine grains. Sin gle, discoidal
re shaped grains with elon gated out lines (Z-9, Z-10) also oc cur
(Fig. 3). The K in dex val ues vary from 1.13 to 5.83, al though
most com mon are par ti cles with the in dex value ranges of 1–2
and 2–3 (av er age value 2.85). Even within the group of grains
with rounded cor ners sug gest ing heavy abra sion (such as Z-4,
Z-5 and Z-11), the K in di ces are var ied and re flect the pres ence
of the dis crete forms of grain mor phol ogy, such as cav i ties,
bends, folds, cracks, dis so lu tion pits and ca nals.

The grains ana lysed vary in cir cum fer ence from 15 to al -
most 800 µm, with an av er age di am e ter of 295 µm. Grains of
100–200 µm in size oc cur most fre quently. Microinclusions of
rock-form ing min er als (mainly clay min er als and quartz, ex cep -
tion ally feld spars, zir con and cal cite) were found in side most ex -
am ined grains, and microinclusions of ore min er als (sulphides
and selenides) only in two of them.

Sil ver, cop per and mer cury were pres ent within the gold
grains. Sil ver is the most com mon ad mix ture, its con tent not ex -
ceed ing the first metastable phase (22–38 wt.%), which formed
i.a. a multiphase Z-8 amal gam (Fig. 4). In struc ture and el e -
men tal dis tri bu tion this 150 µm par ti cle is sim i lar to the bi modal
gold grains dis tin guished by Wierchowiec and Zieliñski (2017).
The core of the grain is com posed of a metastable phase, while
the rim is com posed of a na tive gold phase, of ten po rous; the
con tact be tween the phases is al ways sharp. Mer cury is lim ited
to the metastable phase. Al though grain Z-8 is de void of ore
min eral microinclusions, its an gu lar shape and multiphase
struc ture are fea tures in di cat ing the nat u ral or i gin of this type of
amal gam (Kania and Muszer, 2017).
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Fig. 3. Out lines of the gold grains pre pared for the de tailed anal y ses, rel a tive to the cal cu lated K in dex val ues
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Fig. 4. The Z-8 multiphase amal gam

A – im age in re flected light; B – BSE im age; C – sil ver dis tri bu tion: green, yel low, up to red
colours in di cate the higher con cen tra tion of Ag

Fig. 5. The sin gle-phase Z-6 gold grain with edges im pov er ished in sil ver

A – im age in re flected light; B – BSE im age with the marked pro file of the lin ear anal y ses
(re sults in Fig. 6); C – sil ver dis tri bu tion: green col our in di cates the higher con cen tra tion of Ag



Among the ex am ined gold par ti cles there are no rounded
grains with well-de vel oped spongy struc ture, which are the
char ac ter is tic fea tures of anthropogenic amal gams (Leake et
al., 1995; Kelley et al., 2003; Muszer et al., 2016; Kania and
Muszer, 2017).

The dis tri bu tion of sil ver within the most ex am ined grains is
of ten vari able, though the phase com po si tions is sta ble, with Ag 
con tents not ex ceed ing 15 wt.% in any of the points ana lysed.
En rich ments in sil ver are pres ent both in cen tral and outer parts 
of the grains, lo cally marked by dis tinct bound aries (Fig. 5).

The cop per con tent within the gold grains does not gen er -
ally ex ceed 1 wt.%, though in one case it reaches 22.42 wt.%.
The gold sig nif i cantly en riched in cop per (<17.44 wt.%) oc curs
within the Z-2 gold grain as in di vid ual rounded phases, finer
than 1 µm. The phase lo ca tions have no spa tial re la tion to the
sil ver dis tri bu tion (Fig. 7) and are dis tin guished by their char ac -
ter is tic red dish/pink ish col our (Fig. 8). Their Au:Cu ra tio var ies
be tween 1:1 and 1.5:1 and cor re sponds to the tetraaricupride
phase CuAu. No microinclusions of ore min er als were iden ti fied 
within the Z-2 grain.
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Fig. 6. Lin ear anal y ses of the Au and Ag con tents within the Z-6 gold grain

Lo ca tion of the pro file in Figure 5

Fig. 7. The cu prif er ous Z-2 gold grain

A – im age in re flected light; B – BSE im age with the marked pro file of the lin ear anal y ses
(re sults in Fig. 9), q - quartz; C -–sil ver dis tri bu tion: green, yel low, up to red colours in di cate

the higher con cen tra tion of Ag

https://www.appliedgeochemists.org/images/stories/IEGS_2003/O36_Kelley_IGESnotes.pdf


Marcin Kania / Geo log i cal Quar terly, 67: 12 9

Fig. 8. Phases of cu prif er ous gold of tetraauricupride com po si tion within the Z-2 gold grain, reflected light

Fig. 9. Lin ear anal y ses of Au, Ag and Cu con tents within the Z-2 gold grain

Lo ca tion of the pro file in Figure 7



MICROINCLUSIONS

Ore min eral in clu sions were iden ti fied in the two of the gold
grains, and  one fur ther grain with a polycrystalline, gran u lar ag -
gre gate was found. The ore-bear ing gold grains are com posed
of the ho mog e neous na tive gold phase.

The Z-1 gold grain pre vi ously de scribed by Kania and
Muszer (2017) re mains the rich est in microinclusions among all
the grains ex am ined (Fig. 10). It has a di am e ter of 105 µm. Sil -
ver oc curs in amounts up to 13.87 wt.%. Nu mer ous fine
microinclusions ap pear through out the grain. They in clude
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Fig. 10. The ore-bear ing Z-1 gold grain

A – im age in re flected light; B – BSE im age, marked lo ca tion of the sec tions; C – sil ver
dis tri bu tion: green, yel low, up to red colours in di cate the higher con cen tra tion of Ag

Fig. 11. En large ment of sec tion A – in clu sions of tiemannite and covel lite com po si tions
within the Z-1 gold grain

BSE im age with the marked lo ca tion of the ana lysed points (the re sults in the Ap pen dix 1),
the lo ca tion of the zoomed sec tion in Figure 10



selenides of tiemannite com po si tion, sev eral Cu selenides of
klockmannite-athabaskaite-umangite se ries com po si tions, a
sin gle Ag-Cu-Au selenide of fischesserite com po si tion, covel lite 
and a di phase in clu sion of klockmannite-covel lite com po si tion.
Hipautomorphic tiemannite, a xenomorphic over growth of
klockmannite and covel lite and automorphic athabaskaite and
fischesserite form the larg est in clu sions with di am e ters of
>1 µm, up to 5 µm (Figs. 11 and 12). The re main ing ore min er -
als iden ti fied form xenomorphic microinclusions (Fig. 13). The

grain is com posed of the na tive gold phase with ad di tions of sil -
ver and cop per of up to 13.87 and 0.32 wt.%, re spec tively
(Fig. 10). Re peated point anal y ses, per formed af ter the re-pol -
ish ing of the grain, ex cluded the pres ence of mer cury within the
gold al loy (Kania and Muszer, 2017). Its pres ence was most
likely con nected with subsurface, im per cep ti ble microinclusions 
of Hg-bear ing ore min er als such as the Hg selenide
(tiemannite?) de scribed.
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Fig. 12. En large ment of sec tion B – in clu sions of selenide com po si tion within the Z-1
gold grain

BSE im age with the marked lo ca tion of the ana lysed points (the re sults in the Ap pen dix 1),
the lo ca tion of the zoomed sec tion in Figure 10

Fig. 13. En large ment of sec tion C – in clu sions of selenide com po si tion within the Z-1
gold grain

BSE im age with the marked lo ca tion of the ana lysed points (the re sults in the Ap pen dix 1),
the lo ca tion of the zoomed sec tion in Figure 10



Z-11, the other ore-bear ing gold grain (Fig. 15), is 450 µm in 
di am e ter and con tains two overgrowths of automorphic bis -
muthi nite with hipautomorphic covel lite com po si tion. The first of 
the bismuthinites is cut along the short axis (Fig. 16), and the
sec ond along the long axis of the crys tal reach ing a length of
4 µm (Fig. 17). The covellites are up to 1 µm in size. In ad di tion,
a hipautomorphic, 2 µm ga lena par ti cle oc curs within the Z-11
gold grain (Fig. 18).

A unique polycrystalline ag gre gate was found in side the
300-micrometre Z-3 gold grain (Fig. 19), co-cre ated by nu mer -
ous quartz grains mea sur ing from 5 to 80 µm in di am e ter, al kali
Na-K feld spars (up to 30 µm) and a sin gle zir con grain. All these 

rock-form ing min er als are an gu lar and free from vis i ble signs of
the sur face abra sion. They are ce mented by Fe hy drox ides
char ac ter ized by their rusty col our, vis i ble in re flected light
(Fig. 19A). These iron com pounds con sti tute a rel ict of pri mary
ore min er al iza tion.

DISCUSSION

Both the chem i cal com po si tion of the gold grains and the
min er al og i cal com po si tion of the microinclusions in di cate a
likely con nec tion be tween the de tri tal gold oc cur rences of the
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Fig. 14. En large ment of sec tion D – in clu sions of selenide com po si tion within the Z-1
gold grain

BSE im age with the marked lo ca tion of the ana lysed points (the re sults in the Ap pen dix 1),
the lo ca tion of the zoomed sec tion in Figure 10

Fig. 15. The ore-bear ing Z-11 gold grain

A – im age in re flected light; B – BSE im age, the marked sec tions (zoomed sec tions in Figs.
16–18); C – sil ver dis tri bu tion: green, yel low, up to red colours in di cate the higher

con cen tra tion of Ag



Kaczawa Foot hills, the Au-polymetallic min er al iza tion of the lo -
cal Perm ian sed i men tary rocks and the quartz veins of the
Kaczawa Meta mor phic Com plex. Ev i dence for this com prises
the co ex is tence of multiphase amal gams and cop per-bear ing
gold grains, the pres ence of the Cu- and Hg-bear ing selenide
in clu sions, and Cu-Pb-Bi sulphides.

The multiphase amal gams from the ¯eliszowski and the
Jamna Creeks (Kania and Muszer, 2017; Kania, 2018) and the
bi modal gold par ti cles from the vi cin ity of Grodziec
(Wierchowiec and Zieliñski, 2017) are char ac ter ized by a sim i -

lar struc ture and phase com po si tion. The pres ence of mer cury
as well as the Z-8 grain’s pris tine shape are in di ca tors of its brief 
trans port. Ac cord ing to Wierchowiec and Zieliñski (2017), mer -
cury oc cur rence within gold min er als in di cates a late, epi ther -
mal stage of their crys tal li za tion in the source rock. The Au-Ag
amal gams were formed by the recrystallization of the orig i nal
Au-Ag-Pd min er als un der the in flu ence of low-tem per a ture
Hg-bear ing so lu tions.

More over, the multiphase amal gams ob tained from the
Jamna (Kania, 2018) and ¯eliszowski Creeks re veal a sim i lar
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Fig. 16. Sec tion A – over growth of Cu and Bi sulphides within the Z-11 gold grain

BSE im age with the marked lo ca tion of the ana lysed points (the re sults in the Ap pen dix 1),
the lo ca tion of the zoomed sec tion in Figure 15

Fig. 17. Sec tion B – over growth of Cu and Bi sulphides within the Z-11 gold grain

BSE im age with the marked lo ca tion of the ana lysed points (the re sults in the Ap pen dix 1),
the lo ca tion of the zoomed sec tion in Figure 15
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struc ture and phase com po si tion to the Hg-bear ing electrum
from the cu prif er ous Zechstein Bound ary Do lo mite iden ti fied in
the Polkowice Mine. Within this electrum, de scribed by
Piestrzyñski et al. (2002) and Piestrzyñski and Pieczonka
(1998), the first oc cur rence of rare tetraauricupride CuAu in Po -
land was iden ti fied. Nu mer ous fine phases with an atomic
Cu:Au ra tio close to one have been also found within the Z-2
gold grain from ¯eliszowski Creek (Fig. 8), which may be the
sec ond oc cur rence of tetraauricupride in Po land.

The red to pink shade of the gold grains, char ac ter is tic of
Au-Cu al loys of both nat u ral and ar ti fi cial or i gin (Saeger and
Rodies, 1977; Cretu and Lingen, 1999), should be also at trib -
uted to the Cu-polymetallic min er al iza tion in the Perm ian suc -
ces sion. Nu mer ous de tri tal oc cur rences of red dish and pink ish
gold grains have been de scribed in the vi cin ity of Lwówek
Œl¹ski, Boles³awiec and Z³otoryja (Grodzicki, 1963, 1969;
Muszer, 2011).
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Fig. 18. Sec tion C – an in clu sion of Pb sul phide (ga lena?) within the Z-1 gold grain

BSE im age with the marked lo ca tion of the ana lysed point (the re sults in the Ap pen dix 1), the
lo ca tion of the zoomed sec tion in Figure 15

Fig. 19. The Z-3 gold grain with a polycrystalline ag gre gate of rock-form ing min er als

A – im age in re flected light; B – BSE im age: q – quartz, fsp – Na-K-Ca feld spars, zr – zir con;
C – sil ver dis tri bu tion: green, yel low, up to red colours in di cate the higher con cen tra tion of Ag

https://doi.org/10.1007/BF03214796
https://doi.org/10.1007/s00126-002-0256-9
https://doi.org/10.1007/BF03216519
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The min eral com po si tion re sults ob tained for the
microinclusions in di cate ad di tional source ar eas for the de tri tal
gold ana lysed from the Perm ian red beds. The in clu sions are
rep re sented by an epi ther mal as sem blage of ore min er als (es -
pe cially selenides), pre vi ously iden ti fied in heavy min eral con -
cen trates from Ho lo cene al lu vial de pos its from around Lwówek
Œl¹ski (Muszer, 2011). Scarce selenides and Se-bear ing
sulphides from the Lower Silesian cop per de pos its were de -
scribed by Kanasiewicz (1964, 1966, 1967), whilst Pieczonka et 
al. (2008) and Pieczonka and Piestrzyñski (2011, 2015) char ac -
ter ized var i ous selenides oc cur ring in the sec ond arily ox i dized
parts of the Perm ian Cu-polymetallic de pos its.

How ever, the or i gin of the de tri tal gold pres ent in the
¯eliszowki Creek sed i ments seems not as clear as in the case
of the gold grains from the Grodziec area (Wierchowiec and
Zieliñski, 2017) and Jamna Creek (Kania, 2018). Now a days
there are no out crops of the met al lif er ous Rotliegend-
Zechstein con tact zone in the vi cin ity of the ¯eliszowski Creek.
The near est po ten tial source rocks of this type oc cur 10 km
south, up the Bóbr River. In this case, the most likely di rect
source area of these gold grains is rep re sented by lo cal
Oligocene quartz grav els (Fig. 2). Ac cord ing to Grodzicki
(1969), these are the rich est gold-bear ing de pos its of the
Lwówek Œl¹ski-Boles³awiec area, formed by redeposition of
eroded ad ja cent Perm ian, Tri as sic and Cre ta ceous strata.
There fore, the source area of the gold grains does not have to
be lim ited to the the pres ent Perm ian out crops (Speczik and
Wo³kowicz, 1995). Part of the gold-bear ing source rocks that
formed orig i nally within the North Sudetic Ba sin was ap par ently
el e vated dur ing the Laramian phase. In el e vated parts of the
Epi-Variscan orogen, gold-bear ing clastic rocks un der went ero -
sion and pro vided de tri tus to form youn ger, unlithified al lu vial
de pos its. Ac cord ing to Oszczepalski et al. (2011), the Au-bear -
ing Perm ian sed i men tary rocks were orig i nally de pos ited in the
area of the pres ent-day Fore-Sudetic Block.

Prob a bly, the source ar eas of the Au-bear ing al lu vial sed i -
ments of the ¯eliszowski Creek were not con fined to the
Cu-polymetallic Perm ian de pos its of the North Sudetic Ba sin.
Lo cal Oligocene quartz grav els may also have been sourced

from weath ered Au-bear ing hy dro ther mal veins of the KMC
(Urbañski, 2010); this seems prob a ble in view of the com po si -
tion of the microinclusions and their host gold grains de scribed
in this pa per. The oc cur rence of bis muth min er als in as so ci a -
tion with gold is sim i lar to the min er al iza tion of the polymetallic
veins that oc cur around Radzimowice and Klecza-Radomice
(Mikulski, 2005, 2007a, 2014).

The Na-K feld spar, quartz and Hf-bear ing zir con com po si -
tion of the ag gre gate found within the Z-3 gold grain (Fig. 19)
sug gests yet an other or i gin for this par ti cle. Haf nium is a com -
mon im pu rity of zir cons be cause of the sim i lar ionic ra dii of Hf
and Zr at oms (Shan non, 1976; Bau, 1996). Con se quently,
these el e ments show close geo chem i cal af fin ity and can re -
place each other within a min eral due to isovalent diadochy
(Polañski and Smulikowski, 1969; Polañski, 1988). There fore,
both the pres ence of the haf nium within this zir con and its con -
cen tra tion are of sig nif i cance here.

Haf nium oc curs in na ture ~40 times less fre quently than zir -
co nium (Polañski, 1988), and its con cen tra tion in zir cons rarely
ex ceeds 3 wt.% (Ta ble 1). In gen eral, the outer, late-crys tal lized 
parts of zir cons are richer in Hf than the in ner parts (Wang et al., 
2010). Haf nium shows a greater pre dis po si tion to con cen trate
within acid rather than ba sic ig ne ous rocks (Brooks, 1970;
Condie and Lo, 1971; Cerny et al., 1985). The high est Hf con -
tents are found within post-mag matic rocks, es pe cially in
pegmatites (Polañski and Smulikowski, 1969; Polañski, 1988).
Val ues of the Zr/Hf ra tio of zir cons from ig ne ous rocks amount
to 40 (Polañski, 1988). Ac cord ing to Wang et al. (2010), this ra -
tio var ies be tween 4.9 and 104.5 with a mean of 39.4. By com -
par i son, the Zr/Hf value is ~25 for peg ma tite zir cons (Polañski,
1988), while ac cord ing to Gbelsky (1979), Cerny et al. (1985)
and Wang et al. (1990) it does not ex ceed 20 (with a Hf con tent
of 2 to over 28 wt.%). Ta bles 1 and 2 show Zr/Hf ra tio val ues
and con tents of Hf from zir cons orig i nat ing in var i ous rock
types. Com pared to these, the zir con in clu sion from the Z-3
gold grain is char ac ter ized by a par tic u larly high haf nium con -
cen tra tion. A point anal y sis made in the mid dle of the zir con
crys tal in di cated a con tent of 8.49 wt.% Hf, with a Zr/Hf ra tio of
6.06. The outer rims of the zir con are en riched in haf nium,
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Au thor Or i gin of the zir cons ex am ined Hf [wt.%]

Au thor’s own anal y ses

Al lu vial de pos its of Skora (Pielgrzymka) 2.37–3.20

Al lu vial de pos its of Szreniawa (Kopacz near Z³otoryja) 2.89–2.99

Al lu vial de pos its of Wierzbiak (Strachowice) 2.37–3.70

Al lu vial de pos its of Jamna (£upki) 2.69–3.57

Al lu vial de pos its of the ¯eliszowski Creek (ex clud ing the zir con grain from the Z-3 gold grain) 2.54

Al lu vial de pos its of Kraszówka (Kraszowice) 1.19–2.86

Al lu vial de pos its of the Chróœnicki Creek (Nielestno) 3.38–3.67

Al lu vial de pos its of Olszanka (Wojcieszów) 0.92

Zir con from the Z-3 gold grain (¯eliszowski Creek) 8.49

Belousova et al. (2002)

Kimberlites (Rus sia, South Af rica, Aus tra lia) 0.57–2.3

Lamproites (Aus tra lia, Ukraine) 0.79–1.3

Carbonatites (Aus tra lia, Rus sia) 0.79–1.27

Bas alts (Aus tra lia, Thai land, Cam bo dia) 0.53–0.83

Doler ites (Ukraine) 0.87–1.03

Granitoids (Aus tra lia, Ukraine) 0.65–3.07

Syenites (Can ada, Nor way) 0.59

Larvikites 0.86–1.31

Syenitic pegmatites (Nor way) 0.68–1.92

Nephelinitic – syenitic pegmatites (Nor way) 1.16–2.79

Morawiecki (1962) Ti-, Zr-bear ing sands (Guinea) > 2.5

T a  b l e  1

Haf nium con tents in zir cons from the var i ous rock types
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there fore, it seems rea son able to in fer a higher to tal con cen tra -
tion of Hf within the whole grain. Such haf nium-rich zir cons
crys tal lize from acid, postmagmatic so lu tions, prob a bly as min -
eral com po nents of granitoid pegmatites, less likely of syenitic
ones.

Well-known gold-bear ing pegmatites near to the sam pling
site oc cur within the Karkonosze Gran ite Mas sif. Mikulski
(2007b) found, in the peg ma tite of the Micha³owice quarry, crys -
tals of na tive gold as so ci ated with haematite, ga lena, sphalerite 
and U-Th min er als. Koz³owski (2011a) iden ti fied, in the sev eral
Karkonosze pegmatites, scarce Au min er al iza tion rep re sented
by sev eral crys tals of na tive gold, the larg est be ing 2 mm in di -
am e ter; he sug gested also that veins richer in gold could orig i -
nally have oc curred within the cur rently eroded parts of the
Mas sif.

A Scan di na vian or i gin for the “peg ma tite-type” Z-3 gold
grain should also be con sid ered. There are ~100 doc u mented
Au-polymetallic ore de pos its lo cated on the Fennoscandian
Shield, rep re sented by var i ous ge netic types (Sundblad, 2003).
Koz³owski (2011b) de scribed quartz peb bles with gold min er al -
iza tion from the West ern Pomerania coast. He sug gested that
the Au-bear ing sed i ments could have been trans ported by a
Scan di na vian con ti nen tal gla cier from the ter ri tory of pres -
ent-day Scan di na via and de pos ited south of the Bal tic Sea. The 
Kaczawa Moun tains and its Foot hills were reached by the
South and Mid dle Pol ish glaciations (Lindner, 1988; Marks,
2005; Marks et al., 2016). Ac cord ing to Muszer and Æwiertnia
(2018), the grains of na tive gold from the Ma³a Panew (right trib -
u tary of the Odra River near Opole) al lu vium may be of Scan di -
na vian or i gin. These grains are char ac ter ized by di am e ters of
up to ~200 µm, dis tinct round ness, high pu rity and an Ag con -
tent of up to 2.45 wt.%. These fea tures make these gold grains
sim i lar to the „peg ma tite-type” Z-3 grain from ¯eliszowski
Creek.

Part of the de tri tal gold oc cur ring within the Kaczawa re gion
sed i ments might there fore have been gla cially trans ported and
de pos ited in lo cal mo raines. Such long-dis tance trans port, al -
though pos si ble, was prob a bly of mi nor sig nif i cance for the for -
ma tion of the lo cal gold-bear ing sed i ments. The sig nif i cance of
gla cial and flu vio gla cial pro cesses for de vel op ment of these de -
pos its was mainly lim ited to re dis tri bu tion of the gold grains and
for ma tion of the sec ond ary, gold-de pleted Pleis to cene and Ho -
lo cene de pos its.

CONCLUSIONS

1. The co ex is tence of pri mary, mod i fied and re shaped
grains within the same gold-bear ing sed i ment di rectly in di cates
re work ing of lo cal sec ond ary gold de pos its, and the quan ti ta tive 
re la tions be tween the grains rep re sent ing each of these groups
de pends on the re work ing rate. This may also sug gest that the
gold-bear ing sed i ments ex am ined are poly gen etic.

2. The Ho lo cene al lu vial de pos its of the Lwówek Œl¹ski-
Boles³awiec area were formed by redeposition of older Ce no -
zoic strata, com bined with the con tem po ra ne ous trans port and
de po si tion of gold-bear ing sed i ments from pres ently eroded
source rocks. As in the pre vi ously pub lished model for the
Jamna Creek gold de pos its (Kania, 2018), the al lu vial
gold-bear ing de pos its of ¯eliszowski Creek seem to be poly -
gen etic.

3. The source rocks (pri mary de pos its) of the de tri tal gold in -
ves ti gated from the ¯eliszowski Creek are rep re sented both by
lo cal Perm ian red beds and quartz veins of the Kaczawa Meta -
mor phic Com plex, to gether with peg ma tite-type de pos its of un -
spec i fied lo ca tion. Fur ther anal y ses of the “peg ma tite-type” gold 
grains should de ter mine whether the source rocks of such gold
grains are lo cal (Izera-Karkonosze Block?) or not (Scan di na -
vian?).

4. The ap pli ca tion of the min er al og i cal anal y ses of the
microinclusions within the gold grains com bined with chem i cal
and mor pho log i cal in ves ti ga tions of the de tri tal gold is a use ful
tool for re search into gold grain or i gin. Grains con tain ing
microinclusions are rep re sented by var i ous sizes, shapes and
chem i cal com po si tion, from electrum to pure na tive gold. For
this rea son the im ple mented meth od ol ogy can dis tin guish be -
tween the grains of dif fer ent or i gins, re gard less of their mor pho -
log i cal and chem i cal fea tures.

5. This an a lyt i cal method may be in cluded in min er al og i cal
pros pect ing of Au-polymetallic de pos its such as those per -
formed by Kelley et al. (2003) and Leake et al. (1995), where
anal y ses lim ited to com par a tive chem i cal anal y ses or of grain
size and mor phol ogy may be in suf fi cient. For in stance the re la -
tion ship be tween grain size and the trans port dis tance from a
source area (Kelley et al., 2003) can be ap plied only to grains
orig i nat ing from the same, par tic u lar source. It is dif fi cult to ap -
ply to poly gen etic gold-bear ing sed i ments, as in the Jamna
(Kania, 2018) and ¯eliszowski Creeks.

16 Marcin Kania / Geo log i cal Quar terly, 67: 12

Author Or i gin of the zir cons ex am ined Zr/Hf

Au thor’s own anal y ses

Al lu vial de pos its of Skora (Pielgrzymka) 17.04–24.27

Al lu vial de pos its of Szreniawa (Kopacz near Z³otoryja) 19.46–20.24

Al lu vial de pos its of Wierzbiak (Strachowice) 14.95–24.88

Al lu vial de pos its of Jamna (£upki) 15.58–21.69

Al lu vial de pos its of ¯eliszowski Creek

(ex clud ing the zir con grain from the Z-3 gold grain)
23.04

Al lu vial de pos its of Kraszówka (Kraszowice) 19.08–24.51

Al lu vial de pos its of the Chróœnicki Creek (Nielestno) 15.08–16.31

Al lu vial de pos its of Olszanka (Wojcieszów) 24.1

Zir con from the Z-3 gold grain (¯eliszowski Creek) 6.06

Burda (2005) Migmatites of Smreczyñski Wierch (Tatra Mts.) 33.9–57.15

Murtezi and Kryza (2001) Crys tal line schists of Czarnów (Rudawy Janowickie) 24.0–44.0

T a  b l e  2

Zr/Hf ra tios in zir cons from var i ous rock types

https://www.appliedgeochemists.org/images/stories/IEGS_2003/O36_Kelley_IGESnotes.pdf
https://www.appliedgeochemists.org/images/stories/IEGS_2003/O36_Kelley_IGESnotes.pdf
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Com par a tive anal y ses of gold grain chem i cal com po si tion
should be treated with care for the same rea son. This con -
cerns both de creases in sil ver within Au-Ag al loys (Grodzicki,
1963, 1966, 1969; Polañski, 1988) and the for ma tion of Ag-de -
pleted rims on grain edges (Desborough, 1970; Banaœ et al.,
1985; Kelley et al., 2003) with in crease in trans port dis tance of
the de tri tal gold. In ad di tion, the growth of de pleted rims does
not ex clu sively take place in a hypergene en vi ron ment. The
best ev i dence of this is that the rims are also pres ent on ir reg u -

larly shaped, pri mary grains (Kania, 2018). In such cases,
form ing of the Ag-de pleted parts of the grains may have oc -
curred by hy dro ther mal leach ing of chlo ride so lu tions
(Ko³odziej et al., 2000).

Ac knowl edge ments. The au thor would like to thank the re -
view ers for con struc tive com ments which helped to im prove the 
pre sented manu script. A. Muszer is thanked for ex pert ad vice,
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APPENDIX 1 

 
For the EDS analyses, the polished sections with gold grains were graphite-coated. Each 

measurement session was preceded by calibration (Energy-Channel Calibration/Energy-Axis 
Calibration), in accordance with the recommendations of Bruker, the producer of the EDS detectors and 
analytical software. Calibrations were performed using a copper standard because of the large difference 
of the critical ionization values between the K, L and M lines, which provides a more precise match 
between analysed and theoretical spectra. 

The following setting was applied: electron acceleration of 25 keV, current of 15 nA, spot size from 5 
to 500 nm. Processing of the characteristic X-ray spectra was performed by Bruker Esprit v1.9 software. 
Point analyses of the particular grains were preceded by surface mapping of the following elements: Ag, 
As, Au, Bi, Cd, Co, Cr, Cu, Fe, Hg, Ir, Mn, Mo, Ni, Os, Pb, Pd, Pt, Rh, Ru, S, Sb, Se, Si, Sn, Te, Ti, V, W, 
Zn. These elements are present in most common ore- and rock-forming minerals accompanying Au 
mineralization, and some (Ag, Cu, Hg, PGE, Te, Bi) co-create natural gold alloys, e.g. electrum (Mikulski, 
2007a; Kania and Muszer, 2017; Kania, 2018), maldonite (Mikulski, 2007a), tetraauricupride 
(Piestrzyński and Pieczonka, 1998), Au-Ag-Pd-Hg alloys (Wierchowiec and Zieliński, 2017). The spatial 
distribution of these elements was used to identify the microinclusions and phases, which could be 
missed during examination in reflected light. The selected gold grains with a complex phase composition 
of Au-Ag-Hg-Cu were also examined by linear analyses. Close attention was paid to silver, the most 
frequently-occurring metal which coexists with gold. Both of these elements co-create phase series of 
unlimited miscibility. To determine the Au-Ag phase, the Yushko-Zakharova et al. (1986) classification 
was adopted. 

Acquisition time of the EDS analyses was 60, 90 and 120 s, respectively for point, linear and 
mapping analyses. The extended acquisition time allowed gathering over a million counts for a single 
spectrum, which authenticated the results of the semi-quantitative analyses of the trace elements. The 
PB-ZAF procedure was adopted during quantification of the data, as well as in correction for the coating 
element (Carbon Correction).  

The spectra acquired were interpreted manually with particular attention to fake peaks (artefacts), 
especially summary ones, which usually formed in the 4.5–5.0 keV range as an effect of the Au Mα peak 
creation. The shapes of the Bremsstrahlung spectra were also fitted manually. Moreover, a 
deconvolution tool built into the software was used. This allows comparison of the theoretical, summary 
spectra of the chosen elements with the real ones acquired during analysis. As a result, the presence of 
particular elements within the measured sample can be precisely evaluated and, if required, these 
elements can be deleted or new elements can be added into the spectra. This procedure allowed careful 
evaluation of Au and Hg (Mα line) or Ag and Pd coexistence (lines Lα–Lβ). A content of 0.1 wt % was 
adopted as a detection limit for the particular element. The EDS characteristic spectra and elemental 
compositions of the microinclusions were identified within the gold grains examined from the Żeliszowski 
Creek channel-fill deposits: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Fig. I. X-ray spectrum and results of the point analysis Z-1.I – selenide with the elemental composition of tiemannite within the Z-1 gold grain

Fig. II. X-ray spectrum and results of the point analysis Z-1.II – sulphide with the elemental composition of covellite within the Z-1 gold grain

Fig. III. X-ray spectrum and results of the point analysis Z-1.II – selenide with the elemental composition of fischesserite within the Z-1 gold grain



Fig. IV. X-ray spectrum and results of the point analysis Z-1.IV – biphase microinclusion with the elemental composition of klockmannite-covellite within the Z-1 gold grain

Fig. V. X-ray spectrum and results of the point analysis Z-1.V – selenide with the elemental composition of athabascaite within the Z-1 gold grain

Fig. VI. X-ray spectrum and results of the point analysis Z-1.VI – selenide with the elemental composition of klockmannite within the Z-1 gold grain



Fig. VII. X-ray spectrum and results of the point analysis Z-1.VII – microinclusion with the intermediate composition of athabascaite-umangite within the Z-1 gold grain

Fig. VIII. X-ray spectrum and results of the point analysis Z-1.VIII – selenide with the elemental composition of klockmannite within the Z-1 gold grain

Fig. IX. X-ray spectrum and results of the point analysis Z-1.IX – selenide with the elemental composition of umangite within the Z-1 gold grain



Fig. X. X-ray spectrum and results of the point analysis Z-1.X – selenide with the elemental composition of athabascaite within the Z-1 gold grain

Fig. XI. X-ray spectrum and results of the point analysis Z-1.XI – selenide with the elemental composition of klockmannite within the Z-1 gold grain

Fig. XII. X-ray spectrum and results of the point analysis Z-1.XII – selenide with the elemental composition of klockmannite within the Z-1 gold grain



Fig. XIII. X-ray spectrum and results of the point analysis Z-11.I – biphase microinclusion with the elemental composition of covellite - bismuthinite within the Z-11 gold grain

Fig. XIV. X-ray spectrum and results of the point analysis Z-11.II – biphase microinclusion with the elemental composition of covellite-bismuthinite within the Z-11 gold grain

Fig. XV. X-ray spectrum and results of the point analysis Z-11.III – biphase microinclusion with the elemental composition of covellite-bismuthinite within the Z-11 gold grain



Fig. XVI. X-ray spectrum and results of the point analysis Z-11.IV – biphase microinclusion with the elemental composition of covellite-bismuthinite within the Z-11 gold grain

Fig. XVII. X-ray spectrum and results of the point analysis Z-11.V – microinclusion with the elemental composition of galena within the Z-11 gold grain

Fig. XVIII. X-ray spectrum and results of the point analysis Z-3.I – zircon within the Z-3 gold grain



Fig. XIX. X-ray spectrum and results of the point analysis Z-3.II – Na feldspar within the Z-3 gold grain

Fig. XX. X-ray spectrum and results of the point analysis Z-3.III – K feldspar within the Z-3 gold grain

Fig. XXI. X-ray spectrum and results of the point analysis Z-3.IV – K feldspar within the Z-3 gold grain



Fig. XXII. X-ray spectrum and results of the point analysis Z-3.V – quartz with microinclusions of native gold within the Z-3 gold grain




