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 As so ci ate Ed i tor: Tomasz Bajda

We char ac ter ize the mor phol ogy and ar senic con tents of py rite framboids ver sus py rite microcrystals in the Up -
per Cam brian py rite stratiform de posit of the Wiœniówka area (south-cen tral Po land). The framboids form iso -
lated spher i cal or el lip soi dal ag gre gates vary ing from 4 to 70 µm across or ir reg u lar ag glom er a tions
(poly framboidal ag gre ga tions) at tain ing 150 µm in size. Each of them is made up of loosely- or closely-packed,
equidi mensional, equimorphic, lo cally mul ti fac eted nano- and microcrystallites (nano- and microglobules) rang -
ing mostly from tens of nanometres to 1.5 µm in di am e ter. Some framboids show a well-pre served pyritized spi -
der-web-like ma trix (or ganic biofilm) with em bed ded py rite crys tal lites. Un like py rite microcrystals, framboids
lack min eral in clu sions and do not form paragenetic as so ci a tions with hy dro ther mal in dex min er als. Some cor -
roded framboids are com pletely over grown by py rite microcrystals av er ag ing 10–15 µm in di am e ter. In con trast
to py rite microcrystals en riched in As (0.06–6.33 wt.%), framboid oc cur rences are dis tinctly de pleted in this
met al loid which var ies from <0.015 to 0.43 wt.% in recrystallized forms of pri mary framboids. In py rite framboids 
co balt usu ally pre dom i nates over nickel (with a Co/Ni me dian ra tio of ~3) as op posed to py rite microcrystals in
which co balt is barely trace able. This study in di rectly shows that framboids rep re sent prod ucts of mi cro bial ac -
tiv ity pre sum ably as low-tem per a ture bac te rial sul phate re duc tion. Their for ma tion may have pre ceded
high-tem per a ture multi-stage in fluxes of metal(loid)- and H2S-rich hy dro ther mal flu ids into the depositional ba -
sin giv ing rise to crys tal li za tion of py rite microcrystals and their ag gre ga tions that vary from tens to hun dreds of
micrometres in di am e ter. This py rite type pre vails over framboids in the up per parts of the Podwiœniówka-
 Wiœniówka Du¿a pro file. The mor pho log i cal, microtextural and geo chem i cal re la tion ships be tween py rite
framboids and py rite microcrystals sug gest two dif fer ent path ways of py rite for ma tion. 

Key words: py rite stratiform de posit, framboids, py rite microcrystals, ar senic, microtextures.

INTRODUCTION

Framboids re sem ble rasp berry-shaped spher i cal ag gre ga -
tes, and their name co mes from the French word “framboise”
(Rust, 1935). Each framboid com prises mul ti fac eted nano- to

micro crystallites com posed mostly of py rite, oc ca sion ally of
mag ne tite, he ma tite, ar seno py rite, sphalerite, ga lena, etc. (Sa -
w³o wicz, 1993, 2000 and ref er ences therein). Py rite fram boids
oc cur in a va ri ety of re duc ing sed i men tary or meta sedimentary
set tings, e.g., dark grey to black muds, mud stones, clayey
shales, tills, car bon ates, coals, as well as soils, tail ings piles or
some hy dro ther mal veins rang ing from the Precambrian to the
pres ent time in age (e.g., Ostwald and Eng land, 1979; Wilkin
and Barnes, 1997; But ler and Rickard, 2000; Paktunc and
Davé, 2002; Low ers et al., 2007; MacLean et al., 2008; Soliman 
and El Goresy, 2012; Sugawara et al., 2013; Kamata and
Katoh, 2019; Ueshima et al., 2019; Mukherjee et al., 2020;
Itaya, 2022). In ter est ingly, submicrometre-sized py rite framboid 
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spher ules at tain ing 140 µm in di am e ter have also been found
on the pages of Re nais sance manu scripts (16th–17th cen tu -
ries) at the Archivo Histórico Nacional in Ma drid (Spain). The
source of iron and sul phur was the ink con tain ing tan nin mixed
with iron sulphate, whereas car bon and ni tro gen came from cel -
lu lose and arabic gum (Gar cia-Guinea et al., 1997). 

De spite wide spread oc cur rences of framboidal py rite, its
or i gin has aroused many con tro ver sies among sci en tists. The
piv otal is sue of this dis pute is their in or ganic or or ganic for ma -
tion. Some re search ers point to bac te ri ally-in duced pro cesses 
that take place in or ganic-rich sed i men tary en vi ron ments at a
tem per a ture of ~25°C (e.g., Schopf, 1965; Folk, 1993, 2005;
Schieber, 2002; Astafieva et al., 2005; Gong et al., 2008;
Cavalazzi et al., 2014), whereas oth ers in di cate an in or ganic
path way of py rite framboid for ma tion (e.g., Saw³owicz, 1993;
Wilkin et al., 1996; Wilkin and Barnes, 1997; Mozer, 2010;
Wang et al., 2013; Greg ory et al., 2014, 2022; Smolarek et al.,
2014; Dzia³ak et al., 2022; Cai et al., 2024). Ex per i men tal data
in di cate that in or ganic framboids may form in hy dro ther mal sys -
tems at a tem per a ture range of 150 to at least 350°C (Gra ham
and Ohmoto, 1994). There is also a lack of agree ment about
the mech a nisms that lead to the growth and ag gre ga tion of
crys tal lites (Ohfuji and Rickard, 2005). For ex am ple, Saw³o wicz 
(1993) pro posed three in or ganic path ways of py rite fram boid
gen er a tion: 

– in di rect for ma tion through iron mono sulphi des into in di vid -
ual glob ules;

– di rect pre cip i ta tion from so lu tion in the form of euhedra;
– con tin u ous growth from iron monosulphide glob ules to

euhe dral grains. 
Com pared to py rite microcrystals, framboidal nano- and

microcrystallites un dergo a more rapid nu cle ation and growth
rate un der su per sat u rated con di tions in duced by in creased Eh
(Ohfuji and Rickard, 2005).

Sed i men tary py rite has not been given much at ten tion as a
source of mi cro bial fos sils. Stud ies have shown that both early
diagenetic chert and the more com mon py rite may be the best
me dia for pre serv ing microfossil re mains (Schopf, 1965; Schie -
ber, 2002). Hence, framboids may be used as a biomarker in
the search for life in palaeoenvironmental sys tems on Earth and 
other plan ets (Schieber 2002; Popa et al., 2004; Gong et al.,
2008; MacLean et al., 2008). Py rite framboids have also been
found, for ex am ple, in fos sil cham bers of pyritized radiolarian
skel e tons (Szczepanik et al., 2004) and in shells of liv ing bi -
valves (Clark and Lutz, 1980), which may be in dic a tive of their
or ganic prov e nance. 

Stud ies by other re search ers have been fo cused on dif fer -
ent sed i men tary and diagenetic trans for ma tions of framboidal
py rite with no in di ca tion of its prov e nance (e.g., Love, 1971;
Chang et al., 2022). Mea sure ments of py rite framboid di am e ter
and width of size dis tri bu tion range have also been used as a
proxy for re con struc tion of palaeoredox con di tions in mudrocks. 
Wilkin et al. (1996) di vided framboids into two groups: (i) syn -
genetic (<6 µm across) formed un der euxinic/anoxic (lack of O2

and H2S abun dance/lack of both O2 and H2S) con di tions, and
(ii) diagenetic (³7 µm in size) orig i nated in dysoxic/oxic (low
O2/high O2 con tents) con di tions. Many tex tural, min er al og i cal
and geo chem i cal as pects of framboid for ma tion were sum ma -
rized by Rickard (2021). 

More re cent in ves ti ga tions of py rite framboids have also
been cen tred on hy dro ther mal vent en vi ron ments in volv ing de -
ter mi na tions of trace el e ments and sta ble sul phur iso topes
(Zhang J. et al., 2011; Hu et al., 2022; Liu et al., 2022; Zhang
W.D. et al., 2022). A study by Zhang W.D. et al. (2022) sug -
gests that neg a tive sta ble sul phur iso tope sig na tures of fram -
boidal py rite in di cate bac te rial sul phate re duc tion (BSR),

where as their pos i tive val ues are linked to thermochemical sul -
phate re duc tion (TSR). Framboidal py rite clus ters may also
show large vari a tions in d34S val ues, for in stance from –27 to
–13‰ in BSR py rite from the De vo nian Nisku For ma tion, Al -
berta, Can ada (Machel, 2001).

The 2014–2023 acid mine drain age stud ies that were con -
ducted in the Wiœniówka mas sif also en com passed the min er al -
ogy and geo chem is try of the py rite stratiform de posit (e.g.,
Migaszewski and Ga³uszka, 2019, 2023a, b; Migaszewski et
al., 2023). How ever, lit tle at ten tion was given to py rite framboids 
in the con text of their prov e nance and re la tion ship with other
ore min eral oc cur rences. Hence, this study cen tres on the mor -
phol ogy and geo chem is try of the framboidal py rite. We have
em ployed the ar senic, and partly co balt and Co/Ni ra tio, fin ger -
prints to dis tin guish microbially-gen er ated py rite framboids from 
hy dro ther mal py rite grains and veinlets. This study also fills the
gap re gard ing the oc cur rence and prov e nance of py rite fram -
boids and as so ci ated py rite microcrystals in the sed i ment-
 hosted hy dro ther mal py rite de pos its. This geochemically di -
verse en vi ron ment gives a unique op por tu nity to look into the
two path ways of py rite for ma tion in the con text of multi-stage
hy dro ther mal ac tiv ity.

MATERIALS AND METHODS

OUTLINE OF GEOLOGICAL SETTING AND PYRITE
MINERALIZATION

The study area is lo cated north of the up town sec tion of
Kielce, the cap i tal city of the Holy Cross Moun tains re gion (Fig.
1). This site oc cu pies the Wiœniówka mas sif (el e va tion of
455.7 m a.s.l.) lo cated in the west ern part of the Main Range.
The mas sif is made up of Up per Cam brian (Lower Furongian)
siliciclastic rocks as signed to the in for mal re gional lithostrati -
graphic unit called the “Wiœniówka Sand stone For ma tion” (Or³o -
wski, 1975). This for ma tion con sists mainly of al ter nat ing
quartz ite, quartzitic sand stone/siltstone and clayey-silty shale
beds with sub or di nate ben ton ite and tuffite interlayers dip ping
north wards (Jaworowski and Sikorska, 2006; ¯yliñska et al.,
2006; Migaszewski and Ga³uszka, 2019). The black to dark
grey pyritiferous sand stone-shale-ben ton ite beds pre dom i nate
in the south ern part of the Wiœniówka mas sif (Podwiœniówka),
rep re sent ing the old est part of the geo log i cal sec tion. There are
three quar ries in the study area (from west to east): (i) the his -
toric Wiœniówka Ma³a (WM) quarry, now filled with a bi par tite
lake, (ii) the op er a tional Wiœniówka Du¿a (WD) quarry, and (iii)
the op er a tional Podwiœniówka (Pw) quarry. Quar ry ing for
quartzites has ex posed pyritiferous rock beds in the last two
open pits (Fig. 1).

Geo chem i cal and min er al og i cal study of the rock succesion
by Migaszewski and Ga³uszka (2019) en abled the dis tin guish -
ing of two stratiform (sed i ment-hosted hy dro ther mal) py rite min -
er al iza tion zones of dif fer ent strati graphic po si tions (from the
south to the north): (i) Podwiœniówka (low est Up per Cam brian)
and (ii) Wiœniówka Du¿a (early-mid dle Up per Cam brian). The
py rite min er al iza tion is con fined only to the Wiœniówka Sand -
stone For ma tion and does not oc cur in the subjacent quartz -
ite-ben ton ite/tuffite suc ces sion (Migaszewski and Ga³uszka,
2019). The high con cen tra tions of py rite, gen er ally un com mon
in hard rock min ing world wide, have been ob served es pe cially
in the Podwiœniówka area, giv ing rise to acid mine drain age
(e.g., Migaszewski et al., 2008, 2018a, b, 2019). 

Py rite microcrystals are as so ci ated with goethite/he ma tite,
REE-bear ing min er als (goyazite, gorceixite and xeno time with

2 Zdzis³aw M. Migaszewski et al. / Geological Quarterly, 2025, 69, 8  

https://doi.org/10.1111/j.1755-6724.2011.00462.x
https://doi.org/10.1016/j.oregeorev.2022.104849
https://doi.org/10.1016/j.oregeorev.2022.104849
https://doi.org/10.1016/0016-7037(96)00209-8
https://doi.org/10.1016/0016-7037(96)00209-8
https://doi.org/10.1016/S0016-7037(96)00320-1
https://doi.org/10.1016/j.palaeo.2012.09.027
https://doi.org/10.2478/ctg-2014-0023
https://doi.org/10.2478/ctg-2014-0023
https://doi.org/10.1130/0091-7613(2002)030%3C0531:SPAWIT%3E2.0.CO;2
https://doi.org/10.1130/0091-7613(2002)030%3C0531:SPAWIT%3E2.0.CO;2
https://doi.org/10.1130/0091-7613(2002)030%3C0531:SPAWIT%3E2.0.CO;2
https://doi.org/10.1007/BF00563277
https://doi.org/10.1007/BF00563277
https://doi.org/10.1007/BF00563277
https://doi.org/10.1093/oso/9780190080112.001.0001
https://doi.org/10.1080/01490450490275497
https://doi.org/10.1016/j.earscirev.2005.02.001
https://doi.org/10.1016/j.earscirev.2005.02.001
https://doi.org/10.2478/v10183-010-0004-2
https://doi.org/10.7306/gq.1687
https://doi.org/10.7306/gq.1687
https://doi.org/10.1016/j.envpol.2018.10.106
https://doi.org/10.1016/j.apgeochem.2018.05.015
https://doi.org/10.1016/j.chemgeo.2018.06.027
https://doi.org/10.1016/j.apgeochem.2008.09.001
https://doi.org/10.1016/j.chemgeo.2023.121551
https://doi.org/10.1016/j.scitotenv.2023.166517
https://doi.org/10.1016/j.sedgeo.2019.07.004
https://doi.org/10.1016/j.sedgeo.2019.07.004
https://doi.org/10.1016/j.sedgeo.2019.07.004
https://doi.org/10.1111/j.1472-4669.2008.00174.x
https://doi.org/10.1016/S0037-0738(00)00176-7
https://doi.org/10.1306/74D723EC-2B21-11D7-8648000102C1865D
https://doi.org/10.1016/j.oregeorev.2021.104630
https://doi.org/10.1016/j.chemgeo.2022.120982
https://doi.org/10.1130/G49890.1
https://doi.org/10.2138/am.2014.454
https://doi.org/10.1016/0016-7037(94)90004-3
https://doi.org/10.1017/S0016756807003974
https://doi.org/10.1017/S0016756807003974
https://doi.org/10.1017/S0016756807003974
https://doi.org/10.1038/41677
https://doi.org/10.1007/BF02702955
https://doi.org/10.1306/D4267C67-2B26-11D7-8648000102C1865D
https://doi.org/10.5194/bg-19-4533-2022
https://doi.org/10.1130/0091-7613(1980)8%3C268:PITSOL%3E2.0.CO;2
https://doi.org/10.3389/fmars.2022.1005663
https://dx.doi.org/10.1134/S107570151405002X
https://doi.org/10.1016/j.engeos.2023.100285


sub or di nate monazite, crandallite and florencite), TiO2 poly -
morphs (ana tase, rutile, mixed rutile-ana tase and rare rutile-
 brookite phases, and brookite), and nacrite. The other hy dro -
ther mal min er als, e.g., marcasite, ga lena, sphalerite, tetra -
hedrite, chal co py rite, chalcocite, covel lite, bornite, cin na bar, ar -
gen tite, scorodite, bar ite, Fe-al loys mixed with other met als,
chro mite, and part of the zir con (be sides the dom i nant de tri tal
zir con), gen er ally oc cur in trace amounts as tiny in clu sions in
py rite microcrystals, goethite and TiO2 poly morphs or in the
rock ma trix (e.g., Migaszewski et al., 2019, 2023; Migaszewski
and Ga³uszka, 2023a, b). All these min eral as sem blages oc cur
in the form of dis sem i nated grains or ag gre gates mostly par al lel 
to bed ding, which is char ac ter is tic of sed i men tary-ex ha la tive
(SEDEX)-type ore de pos its (Leach et al., 2005; Qiu et al.,
2018). Of par tic u lar in ter est are oc ca sional quartz ite-py rite and
quartz ite-bar ite stratiform brec cias or quartz sand stones ce -
mented with py rite which were formed in a Late Cam brian sed i -
men tary ba sin. Hy dro ther mal in dex min er als (py rite, nacrite,
goyazite, gorceixite, xeno time, goethite/he ma tite) are in dic a tive 
of crys tal li za tion tem per a tures in the range of 150–300°C
(Migaszewski and Ga³uszka, 2023b).

FIELDWORK AND SAMPLING

Geo log i cal field work (pro fil ing and sam pling) has been per -
formed since 2014 as quartz ite min ing pro gressed in the Pod -
wiœniówka and Wiœniówka Du¿a quar ries (Fig. 1). For the pur -
pose of this study, 36 min er al ized rock sam ples (weigh ing
0.5–1.0 kg each) were col lected from ex posed walls for more
de tailed min er al og i cal and geo chem i cal study. Each sam ple
was placed in a la belled poly eth yl ene bag to pre vent ac ci den tal
mix ing. Dur ing sam pling, trans port, stor age and treat ment, pre -
cau tions were taken to avoid ac ci den tal con tam i na tion. 

MICROSCOPE STUDY AND GEOCHEMICAL 
MICROANALYSIS 

The rock sam ples were used for mak ing ep oxy-bound pol -
ished thin-sec tions to ex am ine py rite oc cur rences with op ti cal
mi cros copy in trans mit ted and re flected light us ing a po lar iz ing
mi cro scope, model Nikon Eclipse LV 100 Pol. In all, 27 thin sec -
tions were car bon-coated for more de tailed mor pho log i cal and

Zdzis³aw M. Migaszewski et al. / Geological Quarterly, 2025, 69, 8 3

Fig. 1. Geo log i cal sketch map of the Wiœniówka acid mine drain age (AMD) area
(mod i fied af ter ¯yliñska et al., 2006) with lo ca tion of bore hole Pw3 

and open pit walls sam pled (marked in red)
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microtextural char ac ter iza tion and im ag ing of framboidal and
crys tal line py rite with scan ning elec tron mi cros copy com bined
with en ergy-dispersive spec trom e try (SEM-EDS), em ploy ing a
model LEO 1430 with an EDS ISIS De tec tor (Ox ford In stru -
ments Ltd.). For the pur pose of this study, the fol low ing pa ram -
e ters were ap plied: sig nal A – back scat tered elec tron (BSE),
mag ni fi ca tion 2.40–16.36 K´, ac cel er a tion volt age (EHT) 20
keV, work ing dis tance (WD) 10–12 mm.

Of the to tal of 27, 16 thin-sec tions (Pw1, Pw2, Pw3, Pw32,
Pw33, Pw34, Pw35, Pw36, Pw38, Pw39, Pw40, Pw42,
Pw3/11.5-11.6, Pw3/14.5-14.6, Pw3/81.1-81.2, WD6) were
sub ject to elec tron microprobe anal y sis (EMPA), us ing a model
Cameca SX-100 equipped with five wave length dispersive
spec tro m e ters. EHT was set at 15 keV, beam cur rent at 20 nA,
beam spot di am e ter at 1 to 5 mm in the BSE mode, count ing
times were 20 s on peak and 10 s on back ground. Stan dard
ma te ri als in cluded orthoclase K[AlSi3O8], el e men tal As, skut -
teru dite CoNiAs3, chal co py rite CuFeS2, pentlandite (Ni,Fe)9S8,
InSb and ZnSe. The main ob jec tive of the EMPA study was to
ana lyse py rite framboids, in clud ing all ma te rial that is pres ent
be tween the com po nent microcrystallites, and the ac com pa ny -
ing py rite microcrystals for con cen tra tions of As, Co, Cu, Ni, Sb, 
Se and Zn. 

The ba sic petrographic study was con ducted at the En vi -
ron men tal An a lyt i cal Lab o ra tory, Jan Kochanowski Uni ver sity
in Kielce whereas the SEM-EDS and EMPA in ves ti ga tions
were per formed at the Microanalysis Lab o ra tory of the Pol ish
Geo log i cal In sti tute – Na tional Re search In sti tute (PGI-NRI) in
War saw. The microanalytical data ob tained were pro cessed
us ing Microsoft® Ex cel for com put ing me dian val ues of the el e -
ments de ter mined and the Co/Ni ra tio in py rite. The me dian val -
ues have not been cal cu lated for el e ments be low de tec tion lim -
its, i.e., 0.015 wt.% (cen sored) ex ceed ing 20% of the to tal num -
ber of mea sur ing points.

RESULTS AND DISCUSSION

MORPHOLOGY OF THE PYRITE FRAMBOIDS

In the Wiœniówka geo log i cal pro file, py rite microcrystals, ag -
gre ga tions and veinlets pre dom i nate over dif fer ent forms of py -
rite framboids. Re sults of EMP anal y sis show that the mo lar
Fe/S ra tio is 1 : 2 in di cat ing that all these oc cur rences are rep re -
sented by an iron disulphide, i.e., py rite with scarcely any
marcasite as in di cated by a po lar iz ing mi cro scope study (data
not shown). Framboids, like wise REE-min er als and TiO2 poly -
morphs, oc cur pri mar ily within dark grey to black car bo na ceous
clayey-silty shales and bentonites, es pe cially in the Podwi -
œniówka geo log i cal sec tion. These rock types pre vail in the old -
est (south ern) strata that crop out in the Podwiœniówka area. In -
ter est ingly, py rite crys tals and veinlets, which are typ i cally de -
void of or ganic im prints, are dis tinctly abun dant in quartzites
and quartzitic sand stones/siltstones of the study area (Miga -
szewski and Ga³uszka, 2019). Nearly all framboids are py ritic
(Figs. 2A–G, 3 and 4), and their non-py ritic equiv a lents made
up solely of pri mary iron oxy(hydr)ox ides are ex tremely scarce
(Fig. 2H).

There are two prin ci pal mor pho log i cal types of framboidal
py rite: (i) iso lated spher i cal or el lip soi dal framboids (Figs. 2 and
4B), and (ii) ir reg u lar ag gre ga tions (polyframboids, Figs. 3 and
4A, C, E). They oc cur pre dom i nantly as sep a rate ac cu mu la -
tions in fill ing rock ma trix microvoids or interlaminar spa -
ces/joints, oc ca sion ally within mas sive py rite ag gre ga tions
(Figs. 2A, E–G and 4D). These two dif fer ent microtextural

forms show di verse geo chem is try that may throw light on their
or i gin (dis cussed in the GEOCHEMISTRY OF THE PYRITE
FRAM BOIDS sub sec tion). In di vid ual framboids typ i cally range
from 4 to 70 µm in di am e ter. Each in di vid ual framboid con sists
of loosely- or closely-packed (mostly with barely iden ti fied
bound a ries), equidimensional, equimorphic, lo cally mul ti fac -
eted, nano- and microcrystallites (nano- and microglobules)
vary ing from tens of nano metres to 1.5 µm in size, spo rad i cally
reach ing even 10 µm across in some forms which un der went
re cry stallization into poly gons. Some in di vid ual framboids re -
veal welded crys tal lites in their cen tre and loosely-packed crys -
tal lites in their outer parts (Fig. 2D). 

An other in ter est ing form, which may sug gest its or ganic or i -
gin, is a ce mented framboid sur rounded by a chain of oval-
 shaped microcrystallites (Figs. 2A and 3A). These micro cry -
stallites may rep re sent authigenic py rite encrustations on mi -
cro bial cells, and thus re flect met a bolic ac tiv ity (Krajewski et al.,
1994; Mozer, 2010). Some framboids have a spi der-web ma trix
bind ing in di vid ual microcrystallites (Fig. 4B), which may have
been formed within a low-tem per a ture mi cro bial biofilm
(MacLean et al., 2008). The high-res o lu tion SEM-EDS study
ex cludes for ma tion of such a ma trix by the growth of in di vid ual
framboidal microcrystallites within or ganic mat ter or clay (e.g.,
Cai et al., 2024). None the less, in most recrystallized forms, this
spi der-web-like ma trix un der went dis ap pear ance at the ex -
pense of en larged microcrystallites. No sin gle an nu lar fram -
boids lack ing in ner solid spaces have been ob served in the
sam ples ex am ined. Some framboids con tain sin gle or dou ble
au re oles (cor ti ces) com posed of py rite microcrystals re sem -
bling a flower ca lyx (”sun flower” ac cord ing to Kosacz and Sa -
w³o wicz, 1983; Fig. 2G). This may sug gest that some framboids 
may have served as nu clei for sub se quent out ward py rite
growth (Wilkin and Barnes, 1997), rep re sent ing two dif fer ent
path ways of py rite for ma tion, i.e., py ritic framboids and py rite
microcrystals. 

In places, sin gle framboids show etch ing of their outer parts
that may re sult from the re cent ox i da tion of py rite that trig gers
acid mine drain age for ma tion (Fig. 4B). Some py rite framboids
are so densely packed that their in ner orig i nal microtexture is
partly or even to tally oblit er ated (Figs. 2G, 3H and 4C–E). No ta -
bly, these forms, en cap su lated in a py rite ma trix, lo cally re veal
cor roded bound aries that may sug gest etch ing of framboidal
sur faces in duced by in puts of sub se quent hy dro ther mal Fe(II)-
and H2S-bear ing flu ids (Figs. 2G and 4D). Microtextural in ter re -
la tion ships be tween these two dif fer ent mor pho log i cal py rite
forms may also in di cate that framboids grew un der sed i men tary 
and early diagenetic con di tions, thus ex clud ing an im pact of late 
diagenetic or epigenetic pro cesses on their for ma tion. 

By con trast, ag glom er a tions of dif fer ent framboids at tain
150 µm in size, typ i cally show ing com pos ite microtextures
made up of sev eral in di vid ual framboids of dif fer ent di am e ters
and ad di tion ally com posed of crys tal lites show ing di verse sha -
pes and sizes (Figs. 3 and 4A). In ad di tion, these crys tal lites are 
loosely or densely packed within the same ag gre ga tions (Fig.
3H). An other char ac ter is tic fea ture of the Wiœniówka py rite
framboids, which may in di cate their prov e nance, is a lack of
min eral in clu sions or dif fer ent paragenetic as so ci a tions of hy -
dro ther mal min er als (goethite/he ma tite, goyazite, xeno time,
gor ce ixite, monazite, TiO2 poly morphs, nacrite, metal sulphi -
des, bar ite) as op posed to those found in the pre dom i nant py rite 
microcrystal ac cu mu la tions. By con trast, most py rite crys tals
com monly show an os cil la tory-zoned microtexture, i.e., the
pres ence of al ter nat ing in ter nal light grey (As-rich) and
grey/dark grey (As-de pleted) microbands that point to multi -
-stage in puts of hy dro ther mal flu ids dur ing their crys tal li za tion
(Migaszewski et al., 2018a; Migaszewski and Ga³uszka, 2019).
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Fig. 2. Op ti cal (re flected- and plane-po lar ized light) (A) and back-scat tered SEM (B–H)
 pho to mi cro graphs of in di vid ual framboids

A – a ce mented spher i cal py rite framboid with a chain of microcrystallites (marked with white ar row) sur rounded by py rite euhedra (sam ple
Pw3); B – a spher i cal framboidal py rite ag gre gate made up of microcrystallites with a partly pre served pyritized spi der-web ma trix (sam ple
Pw39); C – a loosely-packed spher i cal py rite framboid as so ci ated with scat tered py rite euhedra that may be recrystallized for mer framboids
(drill core sam ple Pw3/81.1-81.2); D – a spher i cal py rite framboid com posed of loosely-packed microcrystallites in the cen tral part with a pre -
served pyritized spi der-web ma trix (drill core sam ple Pw3/81.1-81.2); E – three spher i cal py rite framboids en cap su lated in a py rite
microcrystal ma trix (sam ple Pw33); F – a spher i cal py rite framboid com posed of nanocrystallites em bed ded in a py rite microcrystal ma trix
(sam ple Pw33); G – an etched densely-packed py rite framboid with over grown py rite crys tals re sem bling a flower ca lyx (sam ple Pw33); H –

a Fe- oxy(hydr)ox ide framboid in a microvoid com posed of loosely-packed microcrystallites (drill core sam ple Pw3/11.5-11.6)
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Fig. 3. Back-scat tered SEM pho to mi cro graphs of framboidal py rite ag gre ga tions

A – two densely-packed ag gre ga tions, each made up of dif fer ent-sized and loosely-packed in di vid ual framboids;
one framboid is sur rounded by a chain of microcrystallites (marked with white ar row) (drill core sam ple
Pw3/81.1-81.2); B – an ir reg u lar framboidal ag gre ga tion con tain ing a framboid made up of larger loosely-packed
crys tal lites (drill core sam ple Pw3/81.1-81.2); C–F – dif fer ent-sized fram boidal ag gre ga tions lo cally as so ci ated
with py rite euhedra (drill core sam ple Pw3/81.1-81.2); G – a py rite ag gre ga tion com posed of dif fer ent-sized
framboids (drill core sam ple Pw3/81.1-81.2); H – a closely-packed framboidal ag gre ga tion com pris ing

a densely-packed recrystallized framboid (drill core sam ple Pw3/81.1-81.2)



An other op tion that may be con sid ered is os cil la tory pre cip i ta -
tion of As at the crys tal/so lu tion in ter face re lated to the As-con -
cen tra tion gra di ent in a sin gle-stage so lu tion.

GEOCHEMISTRY OF THE PYRITE FRAMBOIDS

Me dian and range con cen tra tions of EMPA-de ter mined
metal(loid)s in the Wiœniówka py rite are sum ma rized in Ta ble 1, 
while Ta ble 2 shows the re sults of microanalysis per formed on
se lected framboids. The cor re spond ing mea sure ment points of
microanalysis are de picted in Fig ure 4. The re sults in di cate that

the py rite framboids are dis tinctly de pleted in ar senic (range of
<0.015 to 0.43 wt.%) and an ti mony (<0.015 to 0.05 wt.%) com -
pared to the dom i nant ar sen i cal py rite microcrystals. The lat ter
con tains an av er age of 1.92 wt.% As, at tain ing 6.33 wt.%, and
even 8.23% As based on LA-ICP-MS mea sure ments (Miga -
szewski and Ga³uszka, 2019) and 3.66 wt.% Sb (Ta ble 1).
These high con cen tra tions of As in py rite microcrystals are un -
usual in sed i men tary set tings and are en coun tered only in hy -
dro ther mal veined metal-ore de pos its, for in stance, up to 4.5%
in As-en riched py rite of the Roudný gold de posit, Bo he mian
Mas sif (Zachariáš et al., 2004). The me dian con tents of Cu and
Zn in the framboids ex am ined are 0.04 and 0.03 wt.%, re spec -
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Fig. 4. Back-scat tered SEM pho to mi cro graphs of py rite oc cur rences with mea sur ing points
 (see Ta ble 2)

A – scat tered dif fer ent-sized py rite framboids (drill core sam ple Pw3/81.1-81.2); B – an etched py rite framboid re -
veal ing dif fer ent-sized microcrystallites em bed ded in a spi der-web-like ma trix (sam ple Pw34); C – a com pos ite
framboid with a partly oblit er ated microtexture in the cen tre; dif fer ent-sized microcrystallites em bed ded in a spi -
der-web-like ma trix (drill core sam ple Pw3/81.1-81.2); D – an etched framboid show ing an oblit er ated micro -
texture, sur rounded by py rite microcrystals (sam ple Pw3); E – a framboid ag glom er a tion with densely-packed
microcrystallites (drill core sam ple Pw3/81.1-81.2); F – scat tered py rite euhedra as so ci ated with a TiO2 poly -
morph grain (sam ple Pw38)
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tively, whereas the se le nium con tent is be low de tec tion lim its,
i.e., 0.015 wt.%.

Of the other el e ments, con tents of Co and Ni in the py rite
framboids vary from <0.015 to 0.35 wt.% and from <0.015 to
0.23 wt.% with a me dian value of 0.09 and 0.03 wt.%, re spec -
tively. The abun dance of Co is in turn re flected by a higher
Co/Ni ra tio of me dian val ues av er ag ing 3. A ra tio value of <1
points to diagenetic py rite or i gin, for ex am ple, in pre-ore fram -
bo idal py rite of the Qixiashan Pb-Zn-Ag polymetallic de posit
(East ern China). The me dian con cen tra tions of Co and Ni were
5.70 and 13.2 ppm (mg/kg), re spec tively, and the Co/Ni ra tio
amounted to 0.43 (Zhang et al., 2022). By con trast, Wiœ niów ka
py rite microcrystals dis play sim i lar Ni con tents (me dium of 0.02
wt.%), but dis tinctly lower Co abun dances (mostly <0.015 wt.%; 
Ta ble 1).

Re sults of microanalysis sug gest that a higher Co/Ni ra tio,
like de ple tion of As, may point to a neg li gi ble di rect im pact of hy -
dro ther mal pro cesses on the growth of framboids, for ex am ple,
one of these oc cur rences (Ta ble 2 and Fig. 4C) is de pleted in
As (<0.015 wt.%), and slightly en riched in Co (0.02–0.18 wt.%),
Cu (0.02–0.16 wt%), Ni (0.02–0.10 wt.%) and Zn (0.03–0.07
wt.%). Al though its microtexture is oblit er ated, the lack of hy dro -
ther mal im pact is also doc u mented by the Co/Ni ra tio vary ing
from 1.8 to 6 (mea sur ing points 1 through 3). The same re la -
tion ship was also noted in densely-packed framboidal ag gre ga -
tions (Ta ble 2 and Fig. 4E). The ar senic con tent ranges from
<0.015 to 0.43 wt.%, whereas the Co/Ni ra tio av er ages 1.8 with
a range of 0.6 to 12. The other se lected framboids con tain com -
monly higher con tents of Ni than Co (Ta ble 2 and Fig. 4A, B, D), 
which may in di cate an in flu ence of sub se quent hy dro ther mal
flu ids. This is also in di cated by some what higher con cen tra tions 
of ar senic in some framboids.

By con trast, py rite microcrystals (Ta ble 2 and Fig. 4F) show
a dis tinct en rich ment of As (range of 0.80 to 2.31 wt.%) and a
dom i nance of Ni over Co (0.02 to 0.04 vs. <0.015 wt.%). The
dif fer ence be tween these two py rite types is par tic u larly en -
hanced when it co mes to com par ing the con tents of As in

framboids with their py rite microcrystal overgrowths (Ta ble 2
and Fig. 4D). A densely-packed and cor roded framboid con -
tains 0.03 to 0.08 wt.% As (points 1, 2, 3 in Fig. 4D) whereas the 
sur round ing au re ole of py rite grains shows a far higher abun -
dance of this met al loid in the range of 0.92 to 2.44 wt.% (points
1, 5). This con trasts with re sults of the py rite study from the up -
per oce anic crust of the South China Sea Ba sin, where fram -
boidal py rite is en riched in As and other trace el e ments com -
pared to py rite euhedra (Hu et al., 2022). Sim i larly, py rite-filled
cel lu lar oc cur rences from Ken tucky coals have been en riched
in As up to 0.647% (Diehl et al., 2012). This means that this re -
la tion ship var ies from site to site de pend ing on dif fer ent en vi -
ron men tal con di tions. 

Taken to gether, de ple tion of ar senic may be re garded as
the Ariadne’s web for the Wiœniówka framboids. No ta bly, some -
what higher As lev els (range of 0.06 to 0.14 wt.%) were re -
corded in a pyritiferous framboidal tem plate in fill ing spaces be -
tween microcrystallites (points 2 and 4 in Fig. 4B). By con trast,
the con tent of As in microcrystallites is mark edly lower, amount -
ing to 0.02 and 0.03 wt.% (points 1 and 3 in Fig. 4B). For com -
par i son, py rite framboids from the re cent Achterwasser la goon
sed i ments (west ern es tu ary of the Odra River, close to the Ger -
man/Pol ish bor der) also con tain low con cen tra tions of ar senic,
scarcely reach ing 0.11 wt.% (Neumann et al., 2013). 

FRAMBOIDAL PYRITE PROVENANCE

Study ing framboids in stratiform py rite de pos its yields us an
op por tu nity to fig ure out their or ganic or i gin. Wiœniówka strati -
form min er al iza tion zones are char ac ter ized by the pres ence of
dom i nant sed i ment-hosted hy dro ther mal py rite typ i cally en -
riched in nu mer ous metal-bear ing min er als that may be em -
ployed to fin ger print dif fer ent geo log i cal pro cesses. An other
sig na ture of hy dro ther mal ac tiv ity in the Wiœniówka Late Cam -
brian sed i men tary ba sin is an un usual light sul phur en rich ment
of py rite high lighted by a d34S range of –41.4 to –23.6‰ (Miga -
szewski and Ga³uszka, 2019). These strongly neg a tive d34S
val ues were pro duced by re ac tion of hy dro ther mal Fe(II) with
bac te ri ally-re duced sul phur spe cies (Boyce et al., 1983). In ter -
est ingly, framboids do not oc cur in the subjacent light grey
quartz ite-ben ton ite/tuffite suc ces sion ex posed in the south -
eastern most sec tion of the Podwiœniówka quarry close to the
Mid dle/Up per Cam brian bound ary (Fig. 1). This im plies that a
lack of hy dro ther mal ac tiv ity did not fa vour the for ma tion of
framboids and py rite microcrystals at that time. All this changed
with the deep en ing of the sed i men tary ba sin com bined with pe -
ri odic sea-floor vent ing giv ing rise to the euxinic-anoxic en vi ron -
ment. In or der to un ravel the prov e nance of the py rite framboids 
and py rite microcrystals, we must con sider the spe cific mor -
phol ogy, microtexture, min er al ogy and geo chem is try of these
two dif fer ent min eral oc cur rences, that re flect di verse physico -
chemical con di tions. 

Framboidal py rite mor phol ogy may be in ter preted as a re -
sult of BSR ac tiv ity that en abled rapid nu cle ation from flu ids su -
per sat u rated with fer rous iron and hy dro gen sul phide (Rickard,
2021). Both the microcrystal mor phol ogy and microtextural fea -
tures of py rite framboids ver sus py rite microcrystals de void of
or ganic im prints, as well as the spa tial re la tion ships be tween
these two py rite types, point to their for ma tion un der sed i men -
tary-early diagenetic con di tions (Migaszewski and Ga³uszka,
2019, 2023b), which has also been doc u mented by other stud -
ies (e.g., But ler and Rickard, 2000; Folk, 2005). These fram -
boids re mained largely un af fected by late diagenetic and epi -
genetic pro cesses, which is gen er ally sub stan ti ated by the good 
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T a  b l e  1

Me dian and range con tents of metal(loid)s in py rite framboids 
and microcrystals of the Wiœniówka area 

(based on EMP mea sure ments)

El e ment

Py rite framboids

(n = 78)

Py rite microcrystals 

(n = 93)

[wt.%]

As <0.015–0.43 1.92 (0.06–6.33)*

Co 0.09 (<0.015–0.35) <0.015–0.16

Cu 0.04 (<0.015–0.18) <0.015–3.20

Ni 0.03 (<0.015–0.23) 0.02 (<0.015–0.31)**

Sb <0.015–0.05 <0.015–3.66

Se <0.015–0.04 <0.015–0.07

Zn 0.03 (<0.015–0.09) <0.015–0.12

Me dian con tents are not cal cu lated for el e ments be low de tec tion
lim its (cen sored) ex ceed ing 20% of the to tal num ber of mea sur ing
points
* – max i mum con tent of 8.23% As was de ter mined by LA-ICP-MS
(Migaszewski and Ga³uszka, 2019)
** – max i mum con tent of Ni (13.3 wt.%) was mea sured by SEM-
 EDS; Ni sub sti tutes for Fe in the py rite crys tal struc ture 
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state of their microtextural pres er va tion. This was pre sum ably
in duced by their in cu ba tion within black/dark grey car bo na -
ceous clayey-silty shales and hy dro ther mal bentonites rep re -
sent ing euxinic-anoxic fa cies. Some framboids show a well-
 pre served pyritized spi der-web-like ma trix (or ganic biofilm) with
em bed ded nano- and microcrystallites (Fig. 4B this study; see
also MacLean et al., 2008: Fig. 2C). This ma trix now con sists of
py rite that re placed microbially-formed or ganic mat ter (OM).
The or ganic tem plate in this biofilm rep re sented a micro -
environ ment that fa voured both nu cle ation and growth of py rite
crys tal lites. This sug gests their or ganic or i gin and ex cludes the
di rect for ma tion of framboidal py rite from so lu tion within un con -
strained microenvironments or free microvoids. More over, it is
dif fi cult to ex plain the di verse sizes of neigh bour ing in di vid ual
framboids and their in ner crys tal lites within com pos ite ag gre ga -
tions (not to men tion their co-oc cur rence with py rite micro -
crystals) on the ba sis of in or ganic pro cesses. This means that
nano- and microcrystallites of par tic u lar framboids may rep re -
sent prod ucts of mi cro bial ac tiv ity lo cally slightly en larged by the 
BSR pro cess or recrystallized by con sec u tive in puts of hy dro -
ther mal flu ids.

It should be stressed that the pres ence of larger framboids
(above 5 or 6 mm across) does not point to their diagenetic or
epigenetic or i gin, as in di cated in other stud ies, for ex am ple by
Wilkin et al. (1996) or Smolarek et al. (2014). The re sults of the
pres ent study also show that the size of framboids and their pro -
por tion to py rite microcrystals can not be used to dis crim i nate

euxinic-anoxic from suboxic-oxic con di tions as ob served in
other depositional bas ins un af fected by hy dro ther mal pro ces -
ses (e.g., Wignall and New ton, 1998; Bond et al., 2004; Piper
and Calvert, 2009; Smolarek et al., 2014). Ac cord ing to Wignall
and New ton (1998), dif fer ent-sized py rite ag glom er a tions are
linked to the di men sions of bac te rial oc cur rences and should
not be used in the re con struc tion of palaeoenvironmental re dox
con di tions.

Aside from morphologic char ac ter is tics, the di verse chem i -
cal com po si tions of py rite framboids and as so ci ated py rite
microcrystals also point to two dif fer ent path ways of their for ma -
tion. The de ple tion of trace el e ments (es pe cially As) in py rite
framboids, sug gests that the prod ucts of mi cro bial ac tiv ity for -
med be tween con sec u tive in fluxes of hy dro ther mal flu ids into
the sed i men tary ba sin or as a re sult of their mix ing with sea wa -
ter at a dis tance from sea-floor vents. These hot metal(loid)-
and H2S-rich fluid in puts may have also in hib ited the growth of
framboids, trig ger ing crys tal li za tion of py rite microcrystals
around framboid rims. The pres ence of sharp or cor roded
bound aries be tween framboids and py rite overgrowths may
sug gest an im pact of re ac tive, con cen trated, high-tem per a ture
hy dro ther mal flu ids (Figs. 2E–G and 4D).

How ever, a still un solved is sue is the con tri bu tion of hy dro -
ther mal flu ids to the low-tem per a ture BSR pro cess that has
been ob served in many re cent and fos sil euxinic-anoxic en vi -
ron ments (e.g., Wilkin and Barnes, 1997; Habicht and Can field,
1997; Goldhaber, 2003; Mozer, 2010). In most sed i men tary en -
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Tab. 2 cont.

El e ment

Pw3/81.-81.2 [m] 
(Fig. 4E)

Pw38 (Fig. 4F)

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8

As < 0.04 < < < 0.06 0.43 0.04 0.04 0.03 0.80 2.20 2.31 1.15 1.09 1.92 0.82 1.70

Co 0.12 0.22 0.19 0.21 0.06 0.13 0.30 0.11 0.18 0.19 < < < < < < < <

Cu 0.04 0.07 0.09 0.10 0.04 0.07 0.07 0.09 0.04 0.11 0.02 0.02 0.02 < < < < <

Ni 0.02 0.06 0.05 0.05 0.10 0.09 0.23 0.05 0.18 0.11 0.02 0.02 0.02 0.03 0.04 0.03 0.02 0.04

Sb 0.02 0.02 < 0.05 0.03 < < < < 0.02 0.04 < 0.22 0.02 0.04 0.06 0.02 <

Se < < < < 0.02 < < < < < < < 0.02 < 0.02 < < <

Zn 0.03 0.07 0.02 < 0.07 0.03 < < 0.02 0.05 0.06 0.02 0.04 < 0.06 0.02 < 0.03

< – be low 0.015 wt.%

T a  b l e  2  

Con cen tra tions of metal(loid)s (in wt.%) in se lected py rite framboids (Pw3; 81.1–81.2 m, Pw3, Pw34, WD6) and py rite
microcrystals (Pw38) of the Wiœniówka min ing area (based on EMP mea sure ments)

El e ment

Pw3/81.1-81.2 [m] 
(Fig. 4A)

Pw34
(Fig. 4B)

Pw3/81.1-81.2 [m] 
(Fig. 4C)

Pw3 (Fig. 4D)

1 2 3 4 5 1 2 3 4 1 2 3 4 1 2 3 4 5

As 0.05 0.04 0.02 0.05 0.02 0.02 0.14 0.03 0.06 < < < < 2.44 0.08 0.07 0.03 0.92

Co < < < < < < < < < 0.18 0.06 0.15 0.02 < 0.02 0.02 < <

Cu 0.02 < < 0.02 < < 0.02 < 0.05 0.14 0.16 0.08 0.02 0.05 < 0.03 < <

Ni 0.02 0.02 0.04 0.02 0.03 0.02 0.04 0.02 0.07 0.10 0.02 0.08 0.03 0.05 0.02 0.05 < <

Sb 0.03 < 0.03 0.02 0.02 < 0.02 0.03 < < 0.02 < 0.02 < < 0.05 < 0.02

Se 0.02 0.03 < < < 0.02 < < < < < < < 0.03 < 0.02 < 0.02

Zn < < 0.02 0.03 < 0.02 0.02 0.05 < 0.07 0.03 0.06 0.05 0.03 0.04 0.02 < 0.04
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vi ron ments, sul phate-re duc ing bac te ria me tab o lize at a tem -
per a ture range of 0 to 80°C, but above this up per limit the BSR
pro cess ceases (Machel, 2001; Can field et al., 2006; Sawicka
et al., 2012). How ever, re sults of the ear lier radiotracer study
per formed by JÝrgensen et al. (1992) have re vealed that sul -
phate re duc tion in deep-ocean sed i ments can take place at a
tem per a ture of up to 110°C, with an op ti mum range of 103 to
106°C. Par a dox i cally, the pres ence of hy dro ther mal min er als
(As-rich py rite, goethite/he ma tite, REE-min er als, TiO2 poly -
morphs, nacri te, metal sul fides, bar ite, chro mite and partly zir -
con) in the Wiœniówka Up per Cam brian siliciclastic for ma tion
points to higher crys tal li za tion tem per a tures vary ing from 150 to 
at least 300°C (Migaszewski and Ga³uszka, 2019, 2023a, b).
This may sug gest that pe ri odic in puts of high-tem per a ture hy -
dro ther mal flu ids sup plied H2S, Fe, As, Co, Ni and other
metal(loid)s to the wa ter col umn. Some of these chem i cal spe -
cies may have been se lec tively taken up by mi cro or gan isms. A
part of H2S in turn may have un der gone ox i da tion to SO4

2–,
which was then mixed up with sea wa ter sul phate. Vari a tions in
the tem per a ture and chem is try of hy dro ther mal flu ids, and in
the spa tial dis tri bu tion and in ten sity of vent ac tiv ity, may have
led to in crease in or ces sa tion of growth of py rite framboids.
How ever, the lack of microtextural re la tion ships be tween py rite
framboids and hy dro ther mal in dex min er als may in di cate that
the framboids orig i nated at a tem per a ture <110°C.

CONCLUSIONS

This study shows that both py rite framboids and micro -
crystals formed in a hy dro ther mally-im pacted, early diagenetic

sed i men tary en vi ron ment, both within the wa ter col umn and in
SO4

2–/Fe-rich sed i ment porewater. Their morphologies, micro -
textures and geo chem i cal fea tures sug gest that framboids rep -
re sent prod ucts of mi cro bial ac tiv ity that formed un der rel a tively
re duc ing con di tions at low tem per a tures as a re sult of mix ing of
sea wa ter with pe ri odic in fluxes of metal(loid)- and H2S-rich hy -
dro ther mal flu ids. Crys tal li za tion of py rite microcrystals may
have oc curred dur ing the more in tense multi-stage hy dro ther -
mal ac tiv ity as so ci ated with tem po rary ces sa tion of framboid
growth. This sug ges tion is sup ported by the pres ence of cor -
roded framboidal ag gre gates over grown by py rite micro cry -
stals. En rich ments of As and Ni in some densely - packed or
recrystallized framboids may point to the rapid im pact of high -
-tem per a ture hy dro ther mal flu ids on mi cro bial ac tiv ity. In ad di -
tion, the oc cur rence of As-rich py rite rims, en vel op ing some in -
di vid ual framboids, may be fin ger prints of in ter mit tent ces sa tion
of mi cro bial growth. The pre dom i nance of framboids in the
lower part of the Wiœniówka Up per Cam brian pro file may have
been linked to supersaturation lev els of H2S/SO4

2– and Fe in a
dom i nant or ganic-rich clayey-silty sed i ment.
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