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The Gogołów-Jordanów Mas sif (GJM) in the Fore-Sudetic Block, SW Po land, hosts nephrites tra di tion ally in ter preted as ser -
pen tin ite-re lated (ortho-neph rite). This con tri bu tion con firms the ser pen tin ite-re lated or i gin of the nephrites on the ba sis of
min er al ogy, bulk-rock chem is try, and O and H iso topes. Rock-form ing am phi boles from nephrites of the GJM have
7.73–7.99 Si apfu, com pa ra ble to 7.76–8.03 Si apfu of ser pen tin ite-re lated Crooks Moun tain neph rite am phi bole (Gran ite
Moun tains, Wy o ming, USA). The GJM am phi boles also have Mg/(Mg + Fe2+) val ues rang ing from 0.82 to 0.94, sim i lar to ser -
pen tin ite-re lated Crooks Moun tain and New Zea land nephrites am phi boles with Mg/(Mg + Fe2+) val ues of 0.86–0.90 and
0.91 to 0.92, re spec tively. The GJM neph rite am phi boles dif fer from the Val Malenco do lo mite-re lated neph rite (It aly) am phi -
bole, e.g., Val Malenco has a higher Si con tent (~8.0 Si apfu), al though it over laps with some of the GJM neph rite sam ples,
and ~1.0 Mg/(Mg + Fe2+), also higher than the GJM sam ples. Also, ap a tite in the neph rite stud ied from the GJM has a slightly
higher Ca con tent than ap a tite from do lo mite-re lated neph rite. Chlorites found in the Jordanów neph rite have sim i lar com po -
si tions to that of chlorites in the ser pen tin ite-re lated nephrites and also to chlorites as so ci ated with serpentini -
sation/rodingitisation. The bulk-rock FeO vs. Fe/(Fe + Mg), Cr, Ni, and Co are also typ i cal of the ser pen tin ite-re lated
nephrites. The d18O val ues range from +6.1 to +6.7‰ (±0.1‰), and the av er age dD val ues = –61‰, cor re spond ing with the
ser pen tin ite-re lated nephrites range. Based on petrographic ob ser va tions, we sug gest four crystallisation stages (in clud ing
rodingitisation prior to neph rite for ma tion): 1 – leucogranite rodingitisation and black-wall for ma tion; 2 – tremolite for ma tion at 
the ex pense of rodingite di op side and black-wall chlorite (nephritisation) and gar net break-down, with spinel and chlorite for -
ma tion (chlorite can be a prod uct of gar net break-down or spinel with ser pen tine re ac tion); 3 – prehnite vein for ma tion; 4 –
tremolite for ma tion at the ex pense of prehnite veins and actinolite veins for ma tion. Spi nels com posed of 0.29–1.96 wt.%
MgO, 24.87–29.67 wt.% FeO, 8.72–22.82 wt.% Fe2O3, 3.11–4.36 wt.% Al2O3, and 39.07–54.46 wt.% Cr2O3 sug gest
nephritisation in the greenschist to lower-am phi bo lite-fa cies con di tions.

Key words: neph rite, ser pen tin ite-re lated neph rite, ortho-neph rite, sta ble iso topes, Gogołów-Jordanów Mas sif, Jordanów
(Jordansmühl), Nasławice (Naselwitz, Steinberge).

INTRODUCTION

Neph rite (neph rite jade) is one of the two forms of jade, the
other be ing jadeitite. Neph rite is a monomineral am phi bole
rock, com posed of fi brous tremolite and/or actinolite, form ing

an in ter lock ing fab ric, also known as ne phritic tex ture. This in -
ter lock ing fi brous fab ric re sults in an ex treme tough ness, com -
bined with a rel a tively low hard ness (ca. 5.5–6.5 in Mohs’
scale), mak ing neph rite a valu able carv ing ma te rial. Neph rite
has been used since the Early Neo lithic pe riod and cur rently is
pri mar ily used for the carv ing of dec o ra tive items and jewel lery.

The larg est neph rite de pos its are lo cated in Brit ish Co lum -
bia (Can ada; Simandl et al., 2000; Makepeace and Simandl,
2001), Wy o ming, Cal i for nia, and Alaska (USA; Sinkankas,
1959; Sherer, 1972; Middle ton, 2006), Si be ria (Rus sia; Harlow
and Sorensen, 2001, 2005; Łapot, 2004; Kostov et al., 2012),
Xinjiang, Qinghai, Liaoning, Jiangsu, Sichuan and Henan
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(China; Liu et al., 2010, 2011a, b; Siqin et al., 2012), Chun -
cheon (Ko rea; Yui and Kwon, 2002), Hualien (Tai wan; Wan and 
Yeh, 1984; Siqin et al., 2012), South Aus tra lia and New South
Wales (Aus tra lia; Aitchison et al., 1992; Harlow and Sorensen,
2001, 2005), and the South Is land (New Zea land; Middle ton,
2006; Ad ams et al., 2007; Grapes and Yun, 2010). There are
also neph rite de pos its in Eu rope – Sondrio (It aly; Adamo and
Bocchio, 2013), Scortaseo (Swit zer land; Dietrich and de
Quervain, 1968; Adamo and Bocchio, 2013; Péterdi et al.,
2014), Thuringia and Ba varia (Ger many; Łobos et al., 2008;
Péterdi et al., 2014), and Usinmaki and Pakila (Fin land; Gunia,
2000). In ad di tion, there are at least two neph rite-bear ing ar eas
in Lower Silesia (SW Po land) – the Gogołów-Jordanów Mas sif
(GJM) and Złoty Stok (for mer Ger man name Reichenstein;
Traube, 1885a, b, 1887, 1888; Sachs, 1902; Beutell and Hein -
ze, 1914; Maciejewski, 1966; Heflik, 1974, 2010; Majerowicz,
2006; Middle ton, 2006; Gil, 2011, 2013). Within the GJM, two
ma jor oc cur rences are dis tin guished – Jordanów (Ger man
name Jordansmühl) and Nasławice (Ger man names Naselwitz
and Steinberge; Majerowicz, 2006; Łobos et al., 2008; Gil,
2013). The Lower Silesian de pos its place Po land amongst the
larg est neph rite-bear ing ar eas in Eu rope (Heflik, 1974; Middle -
ton, 2006; Łobos et al., 2008; Gil, 2013). These de pos its are
also amongst the ear li est-dis cov ered, in the 1880s (Traube,
1885a, b, 1887, 1888; Sachs, 1902; Beutell and Heinze, 1914;
Maciejewski, 1966; Middle ton, 2006; Heflik, 2010).

Neph rite can be di vided into ser pen tin ite-re lated (ortho-
 neph rite) and do lo mite-re lated (para-neph rite), de pend ing on
or i gin (Harlow and Sorensen, 2005; Middle ton, 2006). Ser pen -
tin ite-re lated neph rite forms at the con tact be tween ser pen tin ite 
or peridotite with more silicic rocks (usu ally a gra nitic in tru sion,
rodingitised plagiogranite, or meta sedi ment). Do lo mite-re lated
neph rite forms at the con tact be tween dolomitic mar ble and a
gra nitic in tru sion (cf. Harlow and Sorensen, 2001, 2005; Yui
and Kwon, 2002). The pro posed metasomatism dur ing ser pen -
tin ite-re lated neph rite for ma tion as sumes SiO2 mi gra tion from
rodingitised rock through the black-wall and Ca mi gra tion from
rodingitised rock and/or from serpentinising peridotite through

black-wall (Harlow and Sorensen, 2005 and ref er ences
therein). Clinopyroxene break down is a likely Ca source for
nephritisation. Apart from the geo log i cal po si tion and
petrographic as so ci a tion, the ser pen tin ite-re lated nephrites dif -
fer from do lo mite-re lated ones in mi nor min eral con stit u ents
and ac ces sory phases, min eral chem is try, bulk-rock trace el e -
ments, and O and H iso tope ra tios. The el e men tal con cen tra -
tions of Cr, Ni, and Co and the Fe/Mg ra tio in rock-form ing min -
er als and bulk-rock com po si tion are di ag nos tic of its or i gin
(Harlow and Sorensen, 2005; Middle ton, 2006; Liu et al.,
2011a, b). How ever, these con cen tra tions can over lap (as
shown in Ta ble 1), so con clu sions about ser pen tin ite-re lated or
do lo mite-re lated or i gin should be based on mul ti ple ob ser va -
tions. For ex am ple, rock-form ing amhiboles of ser pen tin ite-re -
lated nephrites usu ally have higher Cr2O3 (0.02–0.43 wt.%; see
Ta ble 1; Grapes and Yun, 2010; Liu et al., 2011a) than do lo -
mite-re lated nephrites (0.00–0.09 wt.%; Liu et al., 2011a; Ling
et al., 2013), al though sev eral stud ies (Liu et al., 2010, 2011b)
de scribed do lo mite-re lated neph rite am phi boles with el e vated
Cr2O3 (0.03–1.18 wt.%). Am phi boles NiO and di op side Cr2O3

are also char ac ter is tic (both higher in ser pen tin ite-re lated neph -
rite; Ta ble 1), but un for tu nately, NiO is usu ally not in cluded in
stan dard neph rite am phi boles elec tron microprobe anal y ses.
Ser pen tin ite-re lated nephrites tend to have bulk-rock Cr con -
cen tra tions be tween 900 and 2812 ppm, Ni be tween 959 and
1898 ppm, and Co be tween 42 and 207 ppm, whereas do lo -
mite-re lated va ri et ies have lower Cr con cen tra tions, be tween 2
and 179 ppm, Ni be tween 0.05 and 471 ppm, and Co be tween
0.5 and 10 ppm (Ta ble 1; Grapes and Yun, 2010; Liu et al.,
2011b; Kostov et al., 2012; Siqin et al., 2012). Siqin et al. (2012)
shows that ser pen tin ite-re lated nephrites have bulk-rock Fe/(Fe 
+ Mg) >0.060, whereas most do lo mite-re lated nephrites are
<0.060, al though there is some over lap and some do lo mite-re -
lated nephrites also have a Fe/(Fe + Mg) ra tio >0.060. Ser pen -
tin ite-re lated nephrites tend to have d18O val ues be tween 4.5
and 9.6‰, and dD val ues be tween –67 and –33‰ (Yui et al.,
1988; Yui and Kwon, 2002), whereas do lo mite-re lated
nephrites have d18O val ues be tween –9.9 and 6.2‰, and dD
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Se lected char ac ter is tic fea tures of the ser pen tin ite-re lated and do lo mite-re lated nephrites com piled
 from pub lished data and our anal y ses

Sam ple Fea ture Ser pen tin ite-re lated 
neph rite Do lo mite-re lated neph rite

Am phi bole

Cr2O3 wt.% 0.08–0.36c; 0.07–0.43e;
0.020–0.127k 0.39–1.14d; 0.00–0.07e; 0.03–1.18f; <0.05–0.09j

NiO wt.% 0.08–0.25c; 0.08–0.36e 0.00–0.08e; <0.05–0.06j

d18O‰ 4.5–5.3a; 6.9–9.6b'  –9.9 to –8.2b; 0.5–3.4b'; 1.1–5.6e; 3.2–6.2f

dD‰  –67 to –33a; –54 to –39b  –114 to –105b; –124 to –56b; –72.4 to –55.7e; –94.7 to –83.0f; –113 ± 4.8i

Di op side Cr2O3 wt.% 0.018–0.640k 0.00–0.03f

Bulk-rock

Cr ppm 1220–1890c; 900–1113g;
1505.3–2812.1h 8.95–178.70f; 1.9–67.9h

Ni ppm 1199–1484c; 1887–1898g;
958.7–1304.4h 0.05–3.95f; 22.2–470.7h

Co ppm 204–207g; 42.0–53.0h 0.5–9.8h

Fe/(Fe + Mg) above 0.060h usu ally be low 0.060h

a – Yui et al. (1988); b – Yui and Kwon (2002); note: b – de tailed study of do lo mite-re lated Chuncheon neph rite (many anal y ses), b' – com pi la -
tion of sin gle anal y ses from sev eral ser pen tin ite-re lated and do lo mite-re lated neph rite de pos its (other than Chuncheon), both from the same
work, for de tails see also Fig ure 11; c – Grapes and Yun (2010); d – Liu et al. (2010); e – Liu et al. (2011a); f – Liu et al. (2011b); g – Kostov et
al. (2012), data with out Jordanów neph rite, dis cussed ex ten sively in pres ent pa per; h – Siqin et al. (2012), Cr, Ni and Co re cal cu lated from
wt.%; i – Adamo and Bocchio (2013); j – Ling et al. (2013); k – pres ent study of com pa ra ble ma te rial from Crooks Moun tain and New Zea land
nephrites, for de tails see Ap pen dix 2
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val ues be tween –124 and –56‰ (Yui and Kwon, 2002; Liu et
al., 2011a, b; Adamo and Bocchio, 2013).

Nephrites in the GJM were in ter preted as ser pen tin ite-re -
lated (ortho-neph rite), due to their oc cur rence within a ser pen -
tin ite mas sif (Maciejewski, 1966; Gunia, 2000; Harlow and
Sorensen, 2005; Middle ton, 2006; Łobos et al., 2008). How -
ever, de tailed min er al og i cal and geo chem i cal stud ies which
would sup port this in ter pre ta tion are miss ing. The pres ent pa -
per pro vides an over view of re cent stud ies on the GJM nephri -
tes, pres ents new min er al og i cal and geo chem i cal data that fo -
cus on their or i gin, and dis cusses geo chem i cal data com pared
with nephrites world wide. The GJM nephrites light iso tope com -
po si tions have never been ana lysed be fore. Un til now, there
were only d18O and dD of ser pen tines from Jordanów and
Nasławice (Jędrysek et al., 1991), and d18O and d13C of
magnesite from Nasławice (Jędrysek and Hałas, 1990), there -
fore our neph rite O and H iso tope study pro vides orig i nal new
data. We also pres ent new re sults on the GJM neph rite min eral
chem is try and new petrographic and microprobe re sults on ser -
pen tin ite-re lated nephrites from Crooks Moun tain (the Gran ite
Moun tains, Wy o ming, USA) and the South Is land (New Zea -
land). Fi nally, we pro pose the crystallisation se quence of the
GJM nephrites.

GEOLOGICAL SETTING

Jordanów (or Jordanów Śląski in full) and Nasławice are lo -
cated in Lower Silesia (SW Po land), ca. 25 km SSW of Wro -
cław. Nasławice lies 3 km NW from Jordanów. The two neph -
rite-bear ing quar ries, Jordanów and Nasławice, are ca. 2 km
from one an other. Both quar ries are sit u ated in serpentinites of
the GJM, and are cov ered by Ce no zoic de pos its. The area
stud ied is lo cated in the strongly peneplained Fore-Sudetic
Block, sep a rated by the Sudetic Bound ary Fault from the
Sudetes Moun tains in the west and south. The en tire area
forms the NE edge of the Bo he mian Mas sif. The Sudetes (to -
gether with the Fore-Sudetic Block) are di vided into the West,
Cen tral, and East Sudetes, com posed of tectono-strati graphic
units jux ta posed dur ing the Variscan orog eny (Mazur et al.,
2006). The area stud ied lies in the Cen tral Sudetes sec tor (Fig.
1), which is com posed of the Góry Sowie, Orlica, Śnieżnik,
Kłodzko, and Kamieniec me dium- to high-grade, Neoprotero -

zoic-Lower Pa leo zoic meta mor phic units, and the Or do vi cian -
-Lower Car bon if er ous Bardo Sed i men tary Unit, Lower De vo -
nian Cen tral Sudetic Ophiolite, Niemcza and Skrzynka Shear
zones, and sev eral smaller units, and a num ber of Variscan
gra nitic plutons, in which the Strzegom-Sobótka is one of the
larg est (Fig. 2A; Mazur et al., 2006).

The GJM is the low er most part (built of serpentinites; geo -
graph i cally south ern and east ern) of the Ślęża Ophiolite, which
be longs to the Cen tral Sudetic Ophiolite – a dis mem bered unit
bor der ing the Góry Sowie Mas sif from the N, E, S, and SW
(Majerowicz, 1963, 1979, 1984, 2006; Jamrozik, 1981a, b;
Narębski et al., 1982; Borkowska et al., 1989; Gunia, 1992;
Mierzejewski and Abdel-Wahed, 2000; Mazur et al., 2006;
Kryza and Pin, 2010; Kryza, 2011). Cen tral Sudetic Ophiolite
con sists of the four ma jor ophiolites: the Nowa Ruda Mas sif in
the south, com pris ing peri dot ites and serpentinites, gab bros,
diabases, and pil low lavas, meta mor phosed in low grade, up to
greenschist fa cies; the Braszowice Mas sif in the south-east,
com pris ing serpentinites and de formed gab bros, con tain ing
rodingites; the Szklary Mas sif in the east, com pris ing weath ered 
serpentinites, also con tain ing rodingites; the Ślęża Ophiolite in
the north, com pris ing serpentinised peri dot ites, ultra mafic
cumu lates (rich in pyroxene and am phi bole), metagabbros,
diabases (sheeted dykes), metabasalts (pil low lavas), plagio -
granite and rodingite bod ies, and dark radiolaria-bear ing meta -
cherts (Majerowicz, 1984; Dubińska, 1995; Kryza and Pin,
2010; Heflik et al., 2014 and ref er ences therein). The N–S
trending Niemcza Shear Zone sep a rates the Góry Sowie Mas -
sif from the Kamieniec Meta mor phic Belt, and is in ter preted as
mylonitised Góry Sowie gneiss es (Mazur et al., 2006). The
Niemcza Shear Zone is com posed of mylonites, with sub or di -
nate non-mylonitised gneiss and mica-schist lenses, Variscan
granitoid dykes, and also hosts parts of the Cen tral Sudetic
Ophiolite – e.g., the Szklary and Braszowice ophiolites.

The nephrites stud ied oc cur within serpentinites of the Ślęża
Ophiolite (Fig. 2B). These serpentinites are ad ja cent to the
Niemcza Shear Zone (to the south), Pa leo zoic meta sedimentary
rocks (mostly phyllite and black meta-si li ceous shales, and mi nor 
granitogneiss; to the east), the up per seg ments of the Ślęża
Ophiolite (metagabbros and am phi bo lites; to the west and
north- west), and to the Variscan Strzegom- Sobótka Gran ite,
sev eral kilo metres far ther W and NW (Fig. 2B; Gaździk, 1960;
Trepka and Mierzejewski, 1961; Mierzejewski and Abdel -
-Wahed, 2000; Kryza, 2011). The Ślęża Ophiolite is the larg est
and best-stud ied part of the Cen tral Sudetic Ophiolite, is rel a -
tively well-pre served, and shows MOR char ac ter is tics (Kryza
and Pin, 2010). Serpentinites build south ern and east ern ophio -
lite parts (ca. 100 km2), metagabbros build cen tral parts, and
metadiabases and metabasalts build north ern parts (Gaździk,
1960; Trepka and Mierzejewski, 1961; Mierze jewski and Abdel-
 Wahed, 2000). GJM serpentinites com prise pseudo morphic
lizardite-chryso tile type ser pen tin ite blocks (early low -tem per a -
ture, ze o lite fa cies meta mor phism), ad join ing the mas sive, non -
-pseudomorphic antigorite type serpentini tes (greenschist fa cies
meta mor phism), and also con tain ser pen tin ite mylonites rich in
chryso tile. Serpentinites ad ja cent to black-walls are gen er ally
antigorite rich (cf. Majerowicz, 1984; Dubińska et al., 2004).
Ultrabasites rep re sent serpentinised harzburgites and lherzolites 
equil i brated in the spinel-peridotite sta bil ity field, al though the
spinel-pyroxene do mains ob served are in ter preted as gar net
break down prod ucts (Dubińska et al., 2004). The con tact of
serpentinites with gab bros is strongly tectonised, and the en tire
ophiolite is in in tru sive con tact with the Strzegom-Sobótka Gran -
ite (Kryza and Pin, 2010). Two va ri et ies of rodingites were doc u -
mented in the GJM: boninitic rodingite and plagiogranitic
rodingite. These rocks ex pe ri enced sev eral ep i sodes of brit tle
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Fig. 1. Sche matic geo log i cal map of the NE Bo he mian
Mas sif (mod i fied af ter Matte et al., 1990, fide Mazur et al., 
2006), with in di cated East, Cen tral and West Sudetes
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de for ma tion (Dubińska, 1995; Dubińska et al., 2004 and ref er -
ences therein). Rodingites are com posed of grossular, hydro -
grossular, di op side, augite, chlo rite, and vesuvianite, and con tain 
rel ict and ac ces sory phases: clinozoisite, zoisite, prehnite,
tremo lite, talc, al bite, an or thite, K-feld spar, ti tan ite, ap a tite,

magne site, spinel, sphalerite, and ga lena (Majerowicz, 1979,
1984; Dubińska, 1995; Dubińska et al., 2004; Heflik et al., 2014).
The black-wall thick ness var ies from a few centi metres to ca.
1 m. The black-walls sur round ing rodingite dykes are het er o ge -
neous and com posed of two clast types: coarse-crys tal line com -

460 G. GiI, J.D. Barnes, C. Boschi, P. Gunia, G. Szakmány, Z. Bendő, P. Raczyński and B. Péterdi

Fig. 2A – sim pli fied geo log i cal map of the Sudetes (leg end on the right), mod i fied af ter Aleksandrowski et al. (1997, fide
Mazur et al., 2006); B – de tailed geo log i cal map of the east ern part of the Ślęża Ophiolite – neph rite-bear ing east ern part of
the Gogołów-Jordanów Mas sif (leg end be low), mod i fied af ter Gaździk (1960) and Trepka and Mierzejewski (1961)



posed of chlorite with mi nor il men ite, and ho mo ge neous clayey
clasts con tain ing corrensite. In gen eral, black-walls are com -
posed of clinochlore and corren site, and con tain mi nor il men ite,
ap a tite, zir con, mag ne tite, he ma tite, opal and chal ce dony
(Dubińska et al., 2004). In some works, the black-wall is di vided
into min eral zones, i.e. the quartz-zoisite zone ad ja cent to
rodingite/plagiogranite, the quartz- zoisite-tremolite zone, the talc
schist, and the talc- chlo rite schist ad ja cent to ser pen tin ite (cf.,
Gunia, 2000; Péterdi et al., 2014). These zones can re flect the
in ten sity of meta somatic in flux.

Neph rite in the area stud ied oc curs within chlorite black-
 walls, at the con tact be tween rodingitised dykes and host-
 serpentinites (Fig. 3A, B). The rodingitised dyke ori en ta tion var -
ies from ver ti cal to hor i zon tal. In ad di tion, sin gle rodingitised
dykes with chang ing ori en ta tions are ob served. The black-wall
thick ness var ies from sev eral centi metres to ~1 m. Neph rite oc -
curs as ir reg u lar veins and nests with vari able di rec tions and
strike, within the black-walls, which are < ~50 cm thick. His tor i -
cally, neph rite bod ies up to ~1.5 m long and ~0.5 m thick and
weigh ing > ~2 tons were ex ca vated (cf., Gil, 2013). In ad di tion
to com pletely rodingitised dykes, par tially-rodingitised leuco -
granite veins are also pres ent. The serpentinisation and
rodingite black-wall for ma tion age, based on the U-Pb age of
zir con from a black-wall, was as sumed to be 400 +4/–3 Ma
(Dubińska et al., 2004); how ever, a sim i lar age (400 ± 10 Ma),
ob tained by SHRIMP U-Pb method on zir con from gab bros,
was as sumed as the mag matic ophiolite age (Kryza and Pin,
2010). The U-Pb zir con age of a leucogranite vein from
Jordanów is 337 ± 4 Ma (Kryza, 2011). This leuco granite age
cor re sponds with granitoid veins from the Niemcza Shear Zone
(338 +2/–3 Ma; Ol i ver et al., 1993), rather than with the
Strzegom-Sobótka Gran ite (~310–294 Ma; cf., Kryza, 2011).
Re cent work de ter mines the Strzegom-Sobótka Gran ite to be
be tween 304.8 ± 2.7 Ma and 294.4 ± 2.7 Ma (Turniak et al.,
2014), youn ger than the leucogranite from Jordanów.

MATERIALS AND METHODS

Field stud ies were per formed in the his tor i cal, aban doned
quarry at Jordanów, and in the ac tive quarry at Nasławice. In
the Jordanów Quarry, sam ples were col lected di rectly from the
quarry walls, mostly from a black-wall at the con tact of par tially-
 rodingitised leucogranite. In con trast, no neph rite sam ples were 
found at Nasławice. It is as sumed that ear lier-re ported neph rite
from that quarry was ei ther ex ploited or all ac ces si ble neph rite
has been re moved by min eral col lec tors. There fore, the Nasła -
wice neph rite de scrip tion and min eral chem is try pre sented here 
are from Łobos et al. (2008). For com par i son, Crooks Moun tain
(Gran ite Moun tains, Wy o ming, USA) and South Is land (New
Zea land) ser pen tin ite-re lated nephrites were ob tained for in -
ves ti ga tion from the Uni ver sity of Wrocław Min er al og i cal Mu -
seum col lec tion.

The field-col lected and mu seum sam ples were thin-sec -
tioned and ex am ined un der a Nikon Eclipse E600 POL stan -
dard petrographic mi cro scope, whereas cathodoluminescence
(CL) pe trol ogy was per formed on thin sec tions un der the cold
cathodoluminescence in stru ment Cam bridge Im age Tech nol -
ogy Ltd. CL mk3a, equipped with a Nikon Eclipse E400 POL
petrographic mi cro scope (both at the In sti tute of Geo log i cal Sci -
ences, the Uni ver sity of Wrocław). CL ob ser va tions were per -
formed un der 12.0–14.0 kV volt age, and 400–500 mA cur rent.
Sev eral of the field-col lected sam ples were in ves ti gated un der
the AMRAY 1830 scan ning elec tron mi cro scope (SEM) with an
en ergy-dispersive spec trom e ter (EDS) at the In sti tute of Ge og -
ra phy and Earth Sci ences (Eötvös Loránd Uni ver sity, Bu da -
pest, Hun gary), un der 20.0 kV ac cel er a tion volt age, 1.0 nA
beam cur rent, and 50–100 nm beam di am e ter. Min eral chem i -
cal com po si tion was de ter mined us ing a Cameca SX 100 elec -
tron microprobe (EMPA) with EDS and wave length-dispersive
spec trom e ters (WDS), in the Mi cros copy and Microprobe Lab o -
ra tory (War saw Uni ver sity, Po land). Anal y ses were per formed
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Fig. 3. Field and macrophotographs

A – par tially-rodingitised leucogranite dyke and
chlorite black-wall with neph rite bod ies in the aban -
doned ser pen tin ite quarry at Jordanów; B – rodin -
gitised dyke within serpentinites in the ac tive quarry in
Nasławice; C – pol ished Jordanów neph rite hand-
 spec i men; ham mer (A) and ham mer and back pack (B) 
for scale in the mid dle of the pho to graphs A and B

https://gq.pgi.gov.pl/article/view/7608/pdf_11
https://gq.pgi.gov.pl/article/view/8060/pdf_1056
https://gq.pgi.gov.pl/article/view/9361/pdf_1131


with a 15.0 kV ac cel er a tion volt age and 10.0 and 20.0 nA beam
cur rent. The FeO and Fe2O3 ra tios in spi nels and gar nets were
cal cu lated by charge bal ance, as sum ing ideal stoichiometry,
us ing the Cameca SX 100 rou tine. The anal y ses were re cal cu -
lated from ox ides in weight per cent (wt.%) to at oms per for mula
unit fol low ing the method of Leake et al. (1997).

The Jordanów neph rite bulk-rock chem i cal com po si tion
was de ter mined by prompt-gamma neu tron ac ti va tion anal y sis
(PGAA) by Péterdi et al. (2014) in the PGAA Lab o ra tory of the
Bu da pest Neu tron Cen tre (Hun gary). How ever, Péterdi et al.
(2014) did not men tion all mea sured ox ides/el e ments, hence
the com po si tion cited is com ple mented by some pre vi ously un -
pub lished el e men tal con cen tra tions (cf. Ta ble 2). In Ta ble 2 we
also pres ent ma jor ox ide and trace el e ment con cen tra tions of
Jordanów neph rite, per formed by means of the pro ton micro -
beam par ti cle-in duced X-Ray emis sion (mi cro-PIXE), by
Kostov et al. (2012).

The ox y gen iso tope com po si tion of two neph rite sam ples
was de ter mined us ing the la ser flu o ri na tion method of Sharp
(1990). Sam ples were crushed and ~2.0 mg neph rite frag ments 
were picked un der a bin oc u lar mi cro scope to en sure a ho mo ge -
neous sam ple (i.e., no in clu sions). The sam ples were heated
with a New Wave Re search MIR10-30 la ser in the pres ence of
BrF5, and the pu ri fied O2 was then introducted into a Thermo -
Electron MAT 253 mass spec trom e ter, housed in the De part -
ment of Geo log i cal Sci ences (Jack son School of Geosciences,
Uni ver sity of Texas at Aus tin, USA). In or der to check for the
pre ci sion and ac cu racy of the anal y ses, gar net stan dard
UWG-2 (d18O value = +5.8‰) (Val ley et al., 1995) and quartz
stan dard Lausanne-1 (d18O value = +18.1‰) were run. All d18O
val ues are re ported rel a tive to SMOW, where the d18O value of
NBS-28 (bi o tite) is +9.65‰. The pre ci sion is ±0.1‰. The hy dro -
gen iso tope com po si tion of pow dered neph rite sam ples was
mea sured us ing the Finningan MAT Delta Plus iso tope ra tio
mass spec trom e ter, cou pled with a ther mal con ver sion el e men -
tal analyser (TC/EA-IRMS) in the In sti tute for Geosciences and
Earth Re sources of The Na tional Re search Coun cil of It aly in
Pisa (CNR-IGG). The mea sured iso to pic com po si tion is ex -
pressed in per mil no ta tion rel a tive to Stan dard Mean Ocean
Wa ter (SMOW) and nor mal ised to a bi o tite NBS-30 stan dard
(δD value = –65‰). The pre ci sion is ±2‰.

PETROLOGY, MINERALOGY, BULK-ROCK
GEOCHEMISTRY, AND ISOTOPIC

CHARACTERISTICS OF NEPHRITE

PETROGRAPHY

The Jordanów neph rite’s (Fig. 3C) gen eral ap pear ance is
typ i cal of most nephrites, i.e., cha otic, flat-par al lel or wavy fab -
ric, and trans par ency from semitranslucent to opaque. The
pres ence of chlorite schist, ser pen tin ite and rodingite nests,
and lay ers in some of the neph rite sam ples is vis i ble mac ro -
scop i cally. Black spi nels in neph rite lo cally form a spot ted tex -
ture. Neph rite is white, green ish-creamy, blu ish-green, and
most com monly bright to dark green; the rock luster is usu ally
waxy or greasy (Traube, 1885a, b, 1888; Sachs, 1902; Heflik,
1974; Gunia, 2000; Gil, 2013). Un der the petrographic mi cro -
scope (Fig. 4A), neph rite shows typ i cal cha otic fab ric (close
inter growths of fine tremolite fi bers) and mi nor fo li ated zones
(flat- par al lel or folded). The tremolite fi bers’ size is usu ally ca.
10–60 µm, whereas tremolite porphyroblasts can reach up to
~0.6 mm (600 µm). Sam ples can be di vided into neph rite
sensu stricto and neph rite schist (cf., Gil, 2013). Neph rite is
com posed of tremolite (87.2–89.8 vol.%), di op side
(4.7–5.7 vol.%), chlorite (3.8–8.1 vol.%), Cr-spinel (trace, to
0.2 vol.%), and grossular gar net (ab sent, to 0.5 vol.%); where -
as, the neph rite schist (re sem bling semi-neph rite, also hy dro -
ther mally al tered semi- neph rite) is com posed of tremolite
(33.5–79.7 vol.%, al though in tran si tion to rodingite and chlo -
rite schist, the tremolite con tent can drop to 11.4 vol.%), di op -
side (7.4–55.1 vol.%), chlorite (5.0–38.9 vol.%), Cr-spinel
(trace, to 4.2 vol.%), grossular gar net (trace, to 10.8 vol.%),
prehnite (ab sent, to 0.5 vol.%), ti tan ite (trace, to 0.8 vol.%),
and opaque + clay min er als-ox ides ag gre gates (trace, to
9.7 vol.%; Gil, 2013). Hy dro ther mally-al tered semi-neph rite
sam ples are es pe cially rich in opaque + clay min er als-ox ide
ag gre gates. The tran si tion from neph rite to neph rite schist is
com mon on a sin gle spec i men-scale. The other ac ces sory
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T a  b l e  2

Jordanów neph rite bulk-rock chem i cal
com po si tion mea sured by the prompt-
 gamma neu tron ac ti va tion anal y sis
(PGAA), and pro ton microbeam par ti cle- in -
duced X-Ray emis sion (mi cro-PIXE); Fe2O3
re cal cu lated from FeO

[wt.%] PGAA mi cro-PIXE

SiO2 56.70a 56.63b

TiO2 0.0048 <0.0025b

Al2O3 2.33a 0.98b

Fe2O3(tot) 3.89a 4.61b

MnO 0.127a 0.029b

MgO 21.30a 22.82b

CaO 12.40a 13.39b

Na2O 0.05a 0.03b

K2O <0.02 0.00b

H2O 2.84a  

SO3 <0.05 <0.01b

As2O3 <0.50  

To tal 99.642 98.489

[ppm]

P  178b

B 1.6  

Cl <10 <35b

V <40 86b

Cr 1220 719b

Co 47 260b

Ni 1408 1623b

Cu  4b

Zn  84b

Nd <5  

Sm <0.5  

Gd <0.5  

FeO [ppm] 35003 41500

Fe/(Fe + Mg) 0.084 0.093

a – af ter Péterdi et al. (2014); b – af ter Kostov
et al. (2012); 0.00 – con cen tra tion be low de -
tec tion limit; <0.02 – be low given de tec tion
limit; (empty space) – not ana lysed

https://gq.pgi.gov.pl/article/view/9361/pdf_1131
https://gq.pgi.gov.pl/article/view/9361/pdf_1131
https://gq.pgi.gov.pl/article/view/8060/pdf_1056
https://gq.pgi.gov.pl/article/view/8060/pdf_1056
https://gq.pgi.gov.pl/article/view/8060/pdf_1056
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Fig. 4. Thin-sec tion pho to mi cro graphs un der plane-po lar ized light (B, E) 
and cross-po lar ized light (A, C, D, F), cathodoluminescence pho to mi cro graph (G), 

and back-scat tered elec tron (BSE) im ages (H–J) of Jordanów neph rite

A – neph rite tremolite groundmass; B – green actinolite vein cut ting colour less tremolite neph rite; C
– tremolite nee dles formed at the ex pense of prehnite (tremolite re plac ing prehnite veins); D –
neph rite (tremolite) nests formed at the ex pense of chlorite schist; E – vein com posed of gar net
man tled by chlorite in neph rite; F – acicular fan-shaped di op side ag gre gates and gar net veins; G –
bright or ange to yel low cathodoluminescent gar nets; H – ag gre gate com posed of Cr- spinel and
gar net cores man tled by chlorite; I – Cr-spinel with chlorite man tle; J – dis mem bered and al tered
spinel with chlorite rim; Act – actinolite, Chl – chlorite, Di – di op side, Grt – gar net, Prh – prehnite,
Spl – spinel, Tr – tremolite



phases, in both neph rite and neph rite schist, are antigorite,
hydrogrossular, zir con, ap a tite and monazite (Gil, 2013).

Neph rite tremolite groundmass con tains rel ics of di op side,
chlorite, and gar net; some larger di op side porphyroblasts are
ro tated and cataclased, and have chlorite-tremolite pres sure
shad ows. Some, partly-re placed by tremolite chlorite nests,
show in ter lock ing non-pseudomorphic tex tures (Gil, 2013). Our
pres ent study re veals rare, green, sec ond ary actinolite veins
cut ting colour less tremolite groundmass in Jordanów neph rite
(Fig. 4B). Prehnite veins cut ting neph rite schist groundmass,
com posed of tremolite and diospide, are then re placed by sec -
ond ary, automorphic tremolite nee dles (Fig. 4C). Sec ond ary
tremolite, re plac ing prehnite veins can be isochronous with sec -
ond ary actinolite veins. In some places, prehnite veins are com -
pletely re placed by the sec ond ary tremolite. Tremolite usu ally
re places di op side (tremolite over grow ing di op side), al though in
places tremolite (neph rite) nests within chlorite schist form at
the ex pense of chlorites (Fig. 4D). Automorphic tremolite
porphyroblasts are pres ent, al though automorphic di op side is
very rare; it is usu ally cataclased and partly re placed by
tremolite. Automorphic gar net crys tals are more com mon, al -
though the ma jor ity of the gar nets are ro tated (lo cally with
chlorite pres sure shad ows), elon gated or are over grown by
chlorite, tremolite, and Cr- spinel. Some grossular gar nets oc cur 
as crys tals man tled by chlorite (Fig. 4E); other gar net ag gre -
gates are vein-shaped or oc cur with acicular fan-shaped di op -
side ag gre gates (rodingite rel ics; Fig. 4F). Gar nets’ cathodo -
luminescence is yel low, bright or ange or or ange (Fig. 4G).
Cr-spi nels oc cur as dis mem bered and al tered ag gre gates or
sin gle crys tals, with chlorite inter growths and rims (Fig. 4H, I, J). 
Within spinel- chlorite ag gre gates, elon gated gar net rel ics are
pres ent (Fig. 4H).

Ac cord ing to Łobos et al. (2008), some of the Nasławice
neph rite sam ples show ho mo ge neous sur faces, whereas oth -
ers are spot ted (black spots) or patchy. Its trans par ency var ies
from semitranslucent to opaque. The neph rite’s col our is white,
green, dark green or em er ald-green, and its pol ished sur face
luster is vit re ous or greasy. The rock is com posed of tremolite-
 actinolite am phi boles (size 20–100 µm), di op side, Cr-gar net,
and Cr-spinel (gar net usu ally has am phi bole and Cr-spinel
overgrowths; Łobos et al., 2008).

The Crooks Moun tain neph rite, ex am ined in the pres ent
study, is opaque with mi nor semitranslucent zones, and bright
to dark green, with mi nor white and creamy elon gated vein-like 
zones. The pol ished sur face is cha otic, lay ered or spot ted
(black opaque spinel spots). The luster is dull, waxy, greasy or
sub-vit re ous. The spec i men ana lysed, based on pe trol ogy,
modal min er al ogy, and its fab ric, is iden ti fied as a neph rite -
-schist (also semi-neph rite). It is com posed of actinolite
(60.11 vol.%), di op side (33.74 vol.%), chlorite (4.75 vol.%),
and opaque min er als (Cr-spinel and heazlewoodite; 1.41
vol.%). Ac ces sory phases are Cr-gar net, hydrogrossular, and
ti tan ite. Actinolite nee dles are be tween ~10 and 50 µm in
length.

The New Zea land neph rite spec i men is semitranslucent
with an in tense green to dark green col our. Its pol ished sur face
is ei ther ho mo ge neous or spot ted (black opaque spinel spots),
and it has a waxy to greasy luster. The spec i men is a neph rite
sensu stricto and is com posed of tremolite (87.46 vol.%),
chlorite (12.19 vol.%), and opaque min er als (Cr-spinel and
heazlewoodite; 0.35 vol.%). The tremolite nee dles are ca.
10–60 µm in length.

MINERAL CHEMISTRY

The Jordanów neph rite am phi bole is tremolite with Si be -
tween 7.73 and 7.99 apfu, Mg/(Mg + Fe2+) from 0.90 to 0.94,
0.02–0.32 wt.% Cr2O3, and 0.03–0.28 wt.% NiO (Ap pen dix 1*).
Di op side is com posed of 47–51 wollastonite (Wo), 41–48 en -
sta tite (En), and 3–9 ferrosilite (Fs), and con tains
0.00–0.51 wt.% Cr2O3 and 0.00–0.09 wt.% NiO. In the pres ent
study, we di vided chlorites to “chlorite I” and “chlorite II”, rep re -
sent ing pri mary chlorite form ing black-wall, and sec ond ary
chlorite formed as a re sult of rodingite gar net de com po si tion,
re spec tively. Pre vi ously stud ied (Gil, 2013) chlorites (cf.
“chlorite I” and sub or di nate “chlorite II”) have Si (IV) be tween
2.92 and 3.58, Fe2+/Sum R2+ from 0.06 to 0.28, and con tain
0.00–0.87 wt.% Cr2O3. We ana lysed chlorite rims around spinel
crys tals (“chlorite II”), which have the fol low ing com po si tion: Si
(IV) 2.84–3.14, Fe2+/Sum R2+ from 0.10 to 0.12, and Cr2O3 from
1.37 to 4.41 wt.%. Gar net has Ca/(Ca + Mg) be tween 0.96 and
1.00, Mg/(Mg + Fe) ra tios from 0.03 to 0.73 and con tains
0.01–1.20 wt.% Cr2O3. Spi nels (also spinel cores sur rounded
by chlorite rims) are com posed of: MgO (0.68–1.96 wt.%), FeO
(24.87–27.91 wt.%), Fe2O3 (8.72–16.49 wt.%), Al2O3

(3.53–4.36 wt.%), and Cr2O3 (46.74–54.46 wt.%). Ap a tite has
Ca be tween 39.26 and 40.38 wt.%, and P be tween 18.25 and
18.96 wt.% (Ap pen dix 1).

Łobos et al. (2008) de scribe the Nasławice neph rite am phi -
bole as actinolite, al though ac cord ing to the Leake et al. (1997)
clas si fi ca tion, some sam ples con tain tremolite, rather than
actinolite (Fig. 5). Am phi boles have 7.85–7.94 Si apfu and
0.82–0.92 Mg/(Mg + Fe2+), and con tain 0.26–0.94 wt.% Cr2O3

and 0.08–0.21 wt.% NiO (Ap pen dix 1). Clinopyroxene (di op -
side) is com posed of 50–51 Wo, 44–45 En, and 5–6 Fs, and
con tains 0.20–0.83 wt.% Cr2O3 and 0.06–0.08 wt.% NiO. Gar -
net has Ca/(Ca + Mg) ~1.00, Mg/(Mg + Fe) ra tio from 0.01 to
0.04 and con tains 14.37–15.13 wt.% Cr2O3. Spinel is com -
posed of: MgO (0.29–0.51 wt.%), FeO (29.40–29.67 wt.%),
Fe2O3 (20.70–22.82 wt.%), Al2O3 (3.11–3.27 wt.%), and Cr2O3

(39.07–41.00 wt.%; Łobos et al., 2008).
The Crooks Moun tain neph rite actinolite has 7.76–8.03 Si

apfu, 0.86–0.90 Mg/(Mg + Fe2+), and con tains 0.02–0.11 wt.%
Cr2O3 (Ap pen dix 2). Di op side is com posed of 47–51 Wo,
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Jordanów (n=9), after Gil (2013)
Nasławice (n=6), after Łobos et al. (2008)
Wyoming (n=4)
New Zealand (n=5)
Val Malenco, Italy (n=4), after

Fig. 5. The GJM nephrites (Jordanów and Nasławice quar ries,
Gil, 2013; Łobos et al., 2008, re spec tively) am phi boles com po -
si tion com pared with the ser pen tin ite-re lated Crooks Moun tain
(the Gran ite Moun tains, Wy o ming, USA) and New Zea land
nephri tes am phi boles (this study), and with the do lo mite-re -
lated Val Malenco neph rite am phi bole (It aly; Adamo and
Bocchio, 2013); clas si fi ca tion di a gram af ter Leake et al. (1997)
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41–48 En, and 5–9 Fs, and con tains 0.02–0.64 wt.% Cr2O3 and
0.00–0.11 wt.% NiO. Chlorite has Si (IV) be tween 3.10 and
3.35 apfu, Fe2+/Sum R2+ from 0.15 to 0.18, and Cr2O3 from 0.67
to 6.34 wt.%. Gar net has Ca/(Ca + Mg) from 0.92 to 0.98,
Mg/(Mg + Fe) ra tio from 0.20 to 0.61, and Cr2O3 from 14.10 to
16.43 wt.%. Spi nels are com posed of MgO (7.02–14.90 wt.%),
FeO (13.85–22.26 wt.%), Fe2O3 (2.15–5.81 wt.%), Al2O3

(10.88–35.91 wt.%), and Cr2O3 (30.52–58.05 wt.%).
The New Zea land neph rite tremolite has 8.00–8.05 Si apfu,

0.91–0.92 Mg/(Mg + Fe2+), and con tain 0.05–0.13 wt.% Cr2O3

(Ap pen dix 2). Chlorite has Si (IV) be tween 2.99 and 3.07,
Fe2+/Sum R2+ from 0.14 to 0.15, and con tains 0.48 to 5.33 wt.%
Cr2O3. Spi nels are com posed of MgO (9.97–11.72 wt.%), FeO
(14.67–17.48 wt.%), Fe2O3 (1.61–3.01 wt.%), Al2O3

(5.92–20.77 wt.%), and Cr2O3 (47.48–65.68 wt.%). 

BULK-ROCK CHEMICAL COMPOSITION

The bulk-rock com po si tion of the Jordanów neph rite
(PGAA; in wt.%) is: 56.70 SiO2, 0.0048 TiO2, 2.33 Al2O3, 3.89
Fe2O3, 0.127 MnO, 21.30 MgO, 12.40 CaO, 0.05 Na2O, <0.02
K2O, 2.84 H2O, <0.05 SO3, and <0.50 As2O3. Trace el e ments
con cen tra tions (in ppm) are as fol lows: 1.6 B, <10 Cl, <40 V,
1220 Cr, 47 Co, 1408 Ni, <5 Nd, <0.5 Sm, <0.5 Gd; Fe/(Fe +
Mg) ra tio 0.084 (cf., Ta ble 2; Péterdi et al., 2014).

Ac cord ing to Kostov et al. (2012), the bulk com po si tion of
the Jordanów neph rite (by means of pro ton microbeam par ti -
cle-in duced X-Ray emis sion, mi cro-PIXE) is (in wt.%): 56.63
SiO2, <0.0025 TiO2 (de tec tion limit re cal cu lated from ppm Ti),
0.98 Al2O3, 4.61 Fe2O3 (re cal cu lated from FeO), 0.029 MnO,
22.82 MgO, 13.39 CaO, 0.03 Na2O, <0.01 SO3 (de tec tion limit
re cal cu lated from ppm S); trace el e ments (in ppm): 178 P, <35
Cl, 86 V, 719 Cr, 260 Co, 1623 Ni, 4 Cu, 84 Zn; cal cu lated
Fe/(Fe + Mg) ra tio 0.093 (Ta ble 2).

OXYGEN AND HYDROGEN ISOTOPE 
COMPOSITION

The neph rite schist’s H iso tope com po si tion was not ana -
lysed to avoid mixed sig nals of tremolite and chlorite (high
chlorite amounts in neph rite schist). Neph rite schist O iso tope
anal y sis was du pli cated to en sure that chlorite did not af fect the
d18O value (anal y ses du pli cate well). Jordanów neph rite and
neph rite schist d18O val ues are +6.1‰ (n = 1) and +6.7‰ (n =
2), re spec tively (Ta ble 3). The neph rite dD value is –61‰ (n = 2; 
Ta ble 3).

DISCUSSION

SERPENTINITE-RELATED ORIGIN

The Jordanów neph rite can be di vided into neph rite sensu
stricto and neph rite schist (semi-neph rite). The neph rite sensu
stricto com po si tion (87.2–89.8 vol.% am phi boles, 4.7–5.7vol.% 
di op side, 3.8–8.1 vol.% chlorites, up to 0.2 vol.% Cr-spi nels,
and up to 0.5 vol.% gar nets) cor re sponds with New Zea land
neph rite (87.46 vol.% am phi boles, 12.19 vol.% chlorite, and
0.35 vol.% Cr-spinel and heazlewoodite). All known New Zea -
land nephrites are in ter preted as ser pen tin ite-re lated (Middle -
ton, 2006; Ad ams et al., 2007). The Jordanów neph rite schist
com po si tion (33.5–79.7 vol.% am phi boles, 7.4–55.1 vol.% di -
op side, 5.0–38.9 vol.% chlorites, up to 4.2 vol.% Cr-spi nels, up
to 10.8 vol.% gar nets, up to 0.5 vol.% prehnite, up to 0.8 vol.%
ti tan ite, up to 9.7 vol.% clay min er als-ox ides ag gre gates, ac ces -
sory e.g., hydrogrossular) cor re sponds with the neph rite-schist
(semi-neph rite) from Crooks Moun tain (60.11 vol.% am phi -
boles, 33.74 vol.% di op side, 4.75 vol.% chlorite, 1.41 vol.%
Cr-spinel and heazlewoodite, ac ces sory Cr-gar net, hydro -
grossular gar net and ti tan ite), which is also in ter preted as ser -
pen tin ite-re lated (Middle ton, 2006).

The Jordanów neph rite con tains solely tremolite, whereas
the Nasławice neph rite con tains both actinolite and tremolite
(Fig. 5). Hence, the Nasławice neph rite am phi boles are slightly
Fe-en riched com pared to Jordanów neph rite am phi bole, al -
though both the GJM nephrites have Fe con tents in am phi -
boles, com pa ra ble with the ser pen tin ite-re lated Crooks Moun -
tain and New Zea land neph rite am phi boles. The am phi boles in
GJM nephrites have sim i lar Si apfu (7.73–7.99) to those from
Crooks Moun tain (Si apfu = 7.76–8.03). The am phi bole Mg/(Mg 
+ Fe2+) ra tio (0.82–0.94) is also sim i lar to those of Crooks
Moun tain (0.86–0.90) and New Zea land (0.91 to 0.92) neph rite
am phi boles. Most of the GJM sam ples con tain am phi boles that
have lower Si apfu and Mg/(Mg + Fe2+) ra tios than those re -
ported from the do lo mite-re lated Val Malenco neph rite (It aly)
am phi bole, which has Si apfu ~8.0 and Mg/(Mg + Fe2+) ~1.0
(Fig. 5; Adamo and Bocchio, 2013). How ever, there is an over -
lap in sev eral sam ples, cf., 7.99 and 8.0 Si apfu. The Cr2O3 con -
tent in the GJM neph rite am phi boles (0.02–0.94 wt.%) is more
sim i lar to the ser pen tin ite-re lated neph rite am phi boles
(0.02–0.43 wt.%), rather than to the ma jor ity of the do lo mite-re -
lated neph rite am phi boles (0.00–0.09 wt.%; Liu et al., 2011a;
Ling et al., 2013), al though there are sev eral do lo mite-re lated
nephrites with el e vated Cr2O3 in am phi boles (0.03–1.18 wt.%;
cf., Ta ble 1). Also, the GJM neph rite am phi boles’ NiO con tent
(0.03–0.28 wt.%) is more sim i lar to the ser pen tin ite-re lated am -
phi boles (0.08–0.36 wt.%), rather than to do lo mite-re lated
(0.00–0.08 wt.% NiO) type am phi boles (cf., Grapes and Yun,
2010; Liu et al., 2011a; Ling et al., 2013), al though there is
some over lap.

The di op side com po si tion (Morimoto et al., 1988) of the
GJM nephrites (Fig. 6A) is more sim i lar to the ser pen tin ite-re -
lated Crooks Moun tain neph rite di op side (Fig. 6B) than to the
do lo mite-re lated Hetian (Liu et al., 2011a) and Alamas (Liu et
al., 2011b) neph rite diopsides (both Xinjiang, NW China; Fig.
6C). The wollastonite com po nent in di op side in the GJM neph -
rite var ies from the max i mum amount (51 Wo) to close to augite
(47 Wo), sim i lar to the Crooks Moun tain di op side (47–51 Wo;
Fig. 6A, B). The ferrosilite com po nent (3–9 Fe) is sim i lar to the
Crooks Moun tain di op side (5–9 Fe), and higher than in do lo -
mite-re lated Chi nese neph rite diopsides (1–6 Fe; Fig. 6C). The

Origin of serpentinite-related nephrite from Jordanów and adjacent areas (SW Poland) 465

T a b l e  3

Ox y gen and hy dro gen iso tope com po si tion
of Jordanów neph rite and neph rite schist

rel a tive to SMOW

Ana lyse no Sam ple d18O ‰ dD‰

1 neph rite   6.1a ,c  -61b, d

2 neph rite schist   6.7a, c, d

a – ana lysed in the Jack son School of Geosciences,
the Uni ver sity of Texas at Aus tin, United States; b –
ana lysed in the In sti tute for Geosciences and Earth Re -
sources, the Na tional Re search Coun cil of It aly in Pisa; 
c – er ror ±0.1‰; d – av er age value from 2 anal y ses

https://gq.pgi.gov.pl/article/view/9361/pdf_1131
https://gq.pgi.gov.pl/rt/suppFiles/19589/


di op side in the GJM sam ples has Cr2O3 con cen tra tions
(0.00–0.83 wt.%) sim i lar to the ser pen tin ite-re lated Crooks
Moun tain neph rite di op side (0.02–0.64 wt.%), in con trast to
those in the do lo mite-re lated Alamas neph rite di op side
(0.00–0.03 wt.%; Liu et al., 2011b), but with some over lap.

The Jordanów neph rite ap a tite com po si tion, pre sented as
the vari a tion of P (wt.%) vs. Ca (wt.%) di a gram (Kuroda et al.,
2005), dif fers from the do lo mite-re lated Hetian neph rite ap a tite
(Liu et al., 2011a) – the Jordanów sam ples are slightly en riched
in Ca (Fig. 7). The dif fer ence may be due to a ser pen tin ite-re -
lated or i gin or to dif fer ent P–T con di tions dur ing crystallisation.

In the Jordanów neph rite, chlorite rims around spinel crys -
tals (“chlorite II”; clinochlore and sub or di nate penninite) are sim -
i lar in com po si tion to chlorites from chlorite schists in Ronda
peri dot ites in Spain (ma jor pop u la tion plots as clinochlore,
brunsvigite and ripidolite, with sub or di nate penninite and sheri -
danite; Esteban et al., 2007), from which ser pen tin ite-re lated
nephrites were also de scribed (Cuevas et al., 2006). Ad di tion -
ally, the “chlorite II” is also sim i lar in com po si tion to spinel
chlorite rims from the New Zea land ser pen tin ite-re lated neph -
rite (Fig. 8).

Gar nets from the GJM nephrites plot within the crustal-de -
rived gar nets field (Fig. 9), which im plies a pos si ble ge netic re la -
tion ship with leucogranite rodingitisation. The Fengtien ser pen -
tin ite-re lated neph rite (Wan and Yeh, 1984) and Crooks Moun -
tain ser pen tin ite-re lated neph rite gar nets also plot in the
crustal-de rived gar nets field (Fig. 9). In ad di tion, the gar net in
the Nasławice neph rite is Mg-de pleted [0.01–0.04 Mg/(Mg +
Fe)] rel a tive to that from the Jordanów neph rite [0.03–0.73
Mg/(Mg + Fe)]. The gar net in the Nasławice sam ples is also
more abun dant in Cr (14.37–15.13 wt.% Cr2O3) and less abun -
dant in Al (3.04–4.05 wt.% Al2O3) in com par i son to gar net from
Jordanów sam ples (0.01–1.20 wt.% Cr2O3 and 20.82–22.32
wt.% Al2O3). Hence, the com po si tion of gar nets in neph rite can
vary sig nif i cantly within the de posit; Cr con tent dra matic rises
and Al drops at the dis tance of ca. 2 km to wards NW, from
Jordanów to Nasławice Quarry.

The bulk-rock ma jor el e ment com po si tion of the Jordanów
neph rite also sup ports a ser pen tin ite-re lated or i gin. The vari a -
tion of FeO (ppm) vs. Fe/(Fe + Mg) (Siqin et al., 2012) of the two 
Jordanów neph rite anal y ses (per formed by dif fer ent meth ods –
the prompt-gamma ac ti va tion anal y sis, PGAA; Péterdi et al.,

466 G. GiI, J.D. Barnes, C. Boschi, P. Gunia, G. Szakmány, Z. Bendő, P. Raczyński and B. Péterdi

Fig. 6. The GJM (Jordanów and Nasławice quar ries; Łobos et
al., 2008; Gil, 2013, re spec tively), Crooks Moun tain (this study),
and Hetian and Alamas (both Xinjiang, China) neph rite clino -
pyro xenes com po si tion: A – Jordanów and Nasławice nephri -
tes, B – Crooks Moun tain ser pen tin ite-re lated neph rite, C –
Hetian (Liu et al., 2011a) and Alamas (Liu et al., 2011b) do lo -
mite-re lated nephrites; clas si fi ca tion di a gram af ter Morimoto et 
al. (1988)

Fig. 7. Jordanów neph rite (Gil, 2013) and do lo mite-re lated
Hetian neph rite (Liu et al., 2011a) apatites com po si tion pre -
sented on P (wt.%) vs. Ca (wt.%) di a gram af ter Kuroda et al.
(2005)

https://gq.pgi.gov.pl/article/view/9361/pdf_1131
https://gq.pgi.gov.pl/article/view/8060/pdf_1056
https://gq.pgi.gov.pl/article/view/8060/pdf_1056


2014, and the pro ton microbeam par ti cle-in duced X-Ray emis -
sion, mi cro-PIXE; Kostov et al., 2012) show that the neph rite
plots in the ser pen tin ite-re lated nephrites field, re gard less of
an a lyt i cal method (Fig. 10). The Fe/(Fe + Mg) ra tios of 0.084
and 0.093 are sim i lar to the ser pen tin ite-re lated neph rite type
val ues pro posed by Siqin et al. (2012) – the Fe/(Fe + Mg) ra tios
above 0.060. In ad di tion, the bulk-rock trace el e ments also cor -
re spond with the ser pen tin ite-re lated nephrites, based on Cr
and Ni con cen tra tions (Fig. 11). In the Jordanów neph rite, Cr

(719 and 1220 ppm) is more sim i lar to that of the ser pen tin -
ite-re lated nephrites (900–2812.1 ppm Cr), rather than that of
the do lo mite-re lated ones (1.9–178.7 ppm Cr). The bulk-rock Ni 
(1408 and 1623 ppm) is typ i cal of the ser pen tin ite-re lated sam -
ples (958.7–1898 ppm Ni) and much higher than in the do lo -
mite-re lated type (0.05–470.7 ppm Ni; cf., Ta ble 1). The ser -
pen tin ite-re lated nephrites bulk-rock Co con cen tra tion is usu ally 
higher than that of the do lo mite-re lated sam ples (Middle ton
2006 and ref er ences therein). The Jordanów neph rite bulk- rock 
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Fig. 9. Gar nets from the Jordanów (gar net rel ict within
spinel-chlorite ag gre gate, this study, and pre vi ously pub -
lished un di vided gar net, Gil, 2013) and Nasławice (Łobos et
al., 2008) nephrites com par i son with gar nets from ser pen -
tin ite-re lated Fengtien (Tai wan; Wan and Yeh, 1984) and
Crooks Moun tain (this study) nephrites on Schulze’s (2003)
dis crim i na tion di a gram; Chl – chlorite, Spl – spinel

Fig. 10. Jordanów neph rite bulk-rock chem i cal com po si -
tion per formed by dif fer ent meth ods (i.e., prompt-gamma
ac ti va tion ana lyse, PGAA, Péterdi et al., 2014, and pro ton
microbeam par ti cle-in duced X-Ray emis sion, mi cro-
 PIXE, Kostov et al., 2012) on dis crim i na tion di a gram af ter
Siqin et al. (2012)

Fig. 11. Jordanów neph rite bulk-rock Cr and Ni on dis crim i -
na tion di a gram mod i fied af ter Adamo and Bocchio (2013);
the do lo mite-re lated and ser pen tin ite-re lated neph rite fields
based on anal y ses by means of glow dis charge mass spec -
trom e try (GD-MS) af ter Siqin et al. (2012), and pro ton
microbeam par ti cle-in duced X-Ray emis sion (mi cro-PIXE)
af ter Kostov et al. (2012)

For other ex pla na tions see Fig ure 10

Fig. 8. Jordanów neph rite chlorites (chlorite rims on spi nels 
– “chlorite II”, this study; and pre vi ously re ported data on
un di vided chlorites – “chlorite I” and sub or di nate “chlorite
II”, Gil, 2013) com pared with chlorite rims on spi nels from
the ser pen tin ite-re lated Crooks Moun tain and New Zea land
nephrites (this study) on Fos ter’s di a gram (1962, fide
Esteban et al., 2007)

https://gq.pgi.gov.pl/article/view/9361/pdf_1131
https://gq.pgi.gov.pl/article/view/9361/pdf_1131
https://gq.pgi.gov.pl/article/view/8060/pdf_1056
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anal y ses show 47–260 ppm Co, de pend ing on me thod (Ta -
ble 2), which is sim i lar to ser pen tin ite-re lated nephrites from
China, Si be ria, New Zea land, and Can ada (42–207 ppm Co;
Kostov et al., 2012; Siqin et al., 2012, re cal cu lated), and higher
than of the do lo mite-re lated nephrites from China (0.5–9.8 ppm
Co; Siqin et al., 2012, re cal cu lated).

The neph rite and neph rite schist d18O val ues (+6.1 to +6.7 ± 
0.1‰) in Jordanów sam ples cor re spond with pub lished data
from the ser pen tin ite-re lated nephrites else where (+4.5 to
+9.6‰), al though they over lap with the up per limit of the do lo -
mite-re lated nephrites (–9.9 to +6.2‰; Yui et al., 1988; Yui and
Kwon, 2002; Liu et al., 2011a, b). The Jordanów neph rite and
neph rite schist d18O val ues are higher than the pub lished d18O
val ues of OH groups of ser pen tines from Jordanów (–6.3 to
+1.6‰) and Nasławice (–7.8‰; Jędrysek et al., 1991). The
neph rite dD value (–61‰) cor re sponds with the lower limit of
the pub lished ser pen tin ite-re lated nephrites (–67 to –33‰; Yui
et al., 1988; Yui and Kwon, 2002), al though they also over lap
with the do lo mite-re lated type up per limit (–124 to –55.7‰; Yui
and Kwon, 2002; Liu et al., 2011a, b; Adamo and Bocchio,
2013). The Jordanów neph rite dD value is lower than in the ser -
pen tines from Jordanów (–48.5 to –40.3‰) and Nasławice
(–96.8‰ and –46.3 to –43.1‰; Jędrysek et al., 1991). How -
ever, the low est dD value of the ser pen tines from Nasławice
prob a bly re flects late stage in ter ac tion with me te oric wa ter, un -
re lated to the neph rite for ma tion. It should be noted that in case
of neph rite, sim i lar ox y gen and hy dro gen iso tope com po si tions
do not nec es sar ily re flect sim i lar or i gins (cf., Yui and Kwon,
2002; Liu et al., 2011a), as iso to pic com po si tions may vary due
to fluid source, tem per a ture of for ma tion, and wa ter/rock ra tio.
How ever, when plot ted in di a gram d18O vs. dD, mod i fied af ter
Yui and Kwon (2002) and Liu et al. (2011a, b), the Jordanów
neph rite cor re sponds with data pub lished for the ser pen tin -
ite-re lated nephrites, al though it plots not far from sev eral do lo -
mite-re lated nephrites (Fig. 12).

CRYSTALLIZATION STAGES

Four crystallisation stages in the Jordanów nephrites are
pro posed, based on mi cro scopic ob ser va tions, in clud ing data
avail able from other neph rite de pos its. The first crystallisation
stage, prior to neph rite for ma tion, was rodingitisation: gran ite
was re placed by rodingite min eral paragenesis (di op side and
gar net; see Fig. 4F), and chlorite black-wall (“chlorite I”) was
formed at the rodingite con tact. The sec ond stage was
nephritisation: tremolite (“tremolite I”) formed at the ex pense
of di op side within rodingite and at the ex pense of “chlorite I”
within chlorite black-wall (see Fig. 4D), gar net break down into
chlorite (“chlorite II”), and spinel (see Fig. 4E, H–J). The third
crystallisation stage was the for ma tion of prehnite veins (see
Fig. 4C). The fourth crystallisation stage was a sec ond ary am -
phi bole for ma tion, re plac ing the prehnite veins with tremolite
(“tremolite II”; see Fig. 4C) and the for ma tion of actinolite veins 
(see Fig. 4B).

Di op side recrystallisation to tremolite is one of the ma jor
mech a nisms of neph rite for ma tion (e.g., Liu et al., 2011a, b).
Chlorite (e.g., Devine et al., 2007) and spinel (e.g., Dubińska et
al., 2004; De Hoog et al., 2009) are com mon prod ucts of gar net
break down. How ever, chlorite rims around spinel crys tals
(“chlorite II”) can also form due to the meta mor phic re ac tion of
spinel with ser pen tine min er als above 400°C (the up per -
-greenschist fa cies), doc u mented in nu mer ous chromitite bod -
ies (Derbyshire et al., 2013 and ref er ences therein). The GJM

neph rite spi nels pre sented on the dis crim i na tion di a gram (mod -
i fied af ter Proenza et al., 2004; Barkov et al., 2009 and ref er -
ences therein; Fig. 13) show vari able com po si tions – chro mite
with in creas ing mag ne tite con tent and con stant Al
(3.11–4.36 wt.% Al2O3). The least abun dant in Fe3+ are spinel
crys tals sur rounded by chlorites (gar net break-down prod ucts,
sec ond crystallisation stage) from Jordanów. In con trast, spinel
from Nasławice has the most Fe3+. The spi nels with the low est
Fe3+ con tents likely formed dur ing greenschist fa cies meta mor -
phism. Hence, spi nels com po si tion sug gests that the sec ond
stage of neph rite for ma tion oc curred un der greenschist-fa cies
con di tions, al though lower-am phi bo lite-fa cies can not be ex -
cluded. An other ex pla na tion of the for ma tion of the chlorite rims
around spinel crys tals (“chlorite II”; spinel with ser pen tine min er -
als re ac tion in tem per a tures above 400°C) also cor re lates the
sec ond neph rite crystallisation stage with up per- greenschist or
lower-am phi bo lite-fa cies con di tions. Fig ure 13 shows that spi -
nels from Crooks Moun tain and New Zea land nephrites are
more Al-abun dant and less Fe3+-abun dant than the GJM neph -
rite spi nels. The Crooks Moun tain and New Zea land nephrites
spi nels plot in the greenschist-fa cies and lower-am phi bo lite-fa -
cies fields, and the min er als from the same spec i men can plot in 
both fields.

Most chlorites (“chlorite I”, sub or di nate “chlorite II”) from the
Jordanów neph rite are penninite, with sub or di nate clinochlore
and diabantite (Fig. 8; Gil, 2013). Some chlorite rims around
spinel crys tals (“chlorite II”) are clinochlore and mi nor penninite
(see Fig. 8). Hence, spinel chlorite rims (“chlorite II”) con tain
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Fig. 12. Jordanów neph rite (this study) sta ble iso tope com -
po si tion, com pared with pub lished ser pen tin ite-re lated
nephrites (solid sym bols; Chara Jelgra River, Red Moun tain, 
Mt. Ogden and Shulaps Range, all af ter Yui and Kwon, 2002,
and Fengtien af ter Yui et al., 1988) and do lo mite-re lated
nephrites (open sym bols; Chuncheon, Turkestan, Cow ell,
Wy o ming, all af ter Yui and Kwon, 2002, Hetian, af ter Liu et
al., 2011a, and Alamas, af ter Liu et al., 2011b); di a gram mod i -
fied af ter Yui and Kwon (2002) and Liu et al. (2011a, b); we
note that the Wy o ming sam ple plot ted here is a do lo mite-re -
lated neph rite, as op posed to the ser pen tin ite-re lated Wy o -
ming sam ple stud ied in this con tri bu tion

https://gq.pgi.gov.pl/article/view/8060/pdf_1056


less Si (IV) – 2.84–3.14 (29.16–31.89 wt.% SiO2), com pared to
the ma jor chlorite pop u la tion (“chlorite I”, sub or di nate “chlorite
II”): Si (IV) – 2.92–3.58 (30.94–38.56 wt.% SiO2). In ad di tion,
the chlorite rims around spinel crys tals (“chlorite II”) have higher 
Cr con cen tra tions (1.37–4.41 wt.% Cr2O3) than the ma jor
chlorite pop u la tion (“chlorite I”, sub or di nate “chlorite II”;
0.00–0.87 wt.% Cr2O3).

An as sign ment of the ex act ages to the crystallisation
stages is prob lem atic. Black-wall around rodingite for ma tion in
Nasławice is dated based on zir con in clu sions U-Pb age to 400
+4/–3 Ma (Dubińska et al., 2004), which can be cor re lated with
the first crystallisation stage (black-wall in Jordanów com posed
of “chlorite I”). A par tially-rodingitised leucogranite vein, ad ja -
cent to the con tact zone (black-wall) from which most of the ex -
am ined neph rite sam ples were ex tracted, con tains zir con dated 
with the U-Pb SHRIMP method to 337 ± 4 Ma (main zir con pop -
u la tion; Kryza, 2011), hence, this age can also be cor re lated
with the first crystallisation stage.

SUMMARY AND CONCLUSIONS

We show that the GJM neprites are of ser pen tin ite-re lated
or i gin (ortho-neph rite), which is con firmed by the min er al og i cal
and geo chem i cal data ob tained us ing var i ous an a lyt i cal tech -
niques. The Jordanów neph rite sensu stricto and neph rite

schist (semi-neph rite) com po si tions are sim i lar to the ser pen tin -
ite-re lated nephrites from Crooks Moun tain and New Zea land.
Am phi boles from the GJM neph rite con tain 0.02–0.94 wt.%
Cr2O3, sim i lar to the ser pen tin ite-re lated neph rite am phi boles
(0.02–0.43 wt.% Cr2O3), rather than to the do lo mite-re lated va -
ri ety am phi boles (0.00–0.09 wt.% Cr2O3). The NiO con tents
(0.03–0.28 wt.%) are also more sim i lar to the ser pen tin ite-re -
lated neph rite am phi boles (0.08–0.36 wt.% NiO), than to the
do lo mite-re lated type am phi boles (0.00–0.08 wt.% NiO).

The di op side from the GJM nephrites is compositionally
more sim i lar to the ser pen tin ite-re lated Crooks Moun tain neph -
rite di op side, than to the do lo mite-re lated Hetian and Alamas
nephrites di op side. The GJM nephrites di op side con tain high
Cr2O3 con tents (0.00–0.83 wt.%), sim i lar to the ser pen tin ite-re -
lated Crooks Moun tain neph rite di op side (0.02–0.64 wt.%
Cr2O3), and dif fer ent from the con sis tently low Cr2O3 con cen tra -
tions in the do lo mite-re lated Alamas neph rite di op side
(0.00–0.03 wt.% Cr2O3). In ad di tion, the Jordanów neph rite ap -
a tite con tains more Ca com pared to the do lo mite-re lated Hetian 
neph rite ap a tite.

The chlorite rims around spinel crys tals (“chlorite II”; clino -
chlore and sub or di nate penninite) in the Jordanów neph rite are
sim i lar to the im por tant pop u la tion of chlorites (clinochlore,
brunsvigite, ripidolite, and sub or di nate penninite and sheri -
danite) from chlorite schists of the Ronda peri dot ites (one of the
larg est orogenic lherzolite bod ies in the world, lo cated in Spain,
serpentinised, con tain ing rodingite, gab bro, gran ite, and chlo -
rite schist bod ies; cf. Cuevas et al., 2006; Esteban et al., 2007),
as so ci ated with the ser pen tin ite-re lated nephrites. The chlorite
rims (“chlorite II”) are also sim i lar to spinel crys tals chlorite rims
(clinochlore) from the New Zea land ser pen tin ite-re lated neph -
rite. The GJM nephrites gar nets are crustal-de rived, sim i lar to
gar nets from the Fengtien and Crooks Moun tain ser pen tin -
ite-re lated nephrites. In ter est ingly, the gar net from Nasławice
neph rite is Mg- and Al-de pleted (0.01–0.04 Mg/(Mg + Fe) and
3.04–4.05 wt.% Al2O3) and Cr-en riched (14.37–15.13 wt.%
Cr2O3), rel a tive to the Jordanów neph rite gar net (0.03–0.73
Mg/(Mg + Fe), 20.82–22.32 wt.% Al2O3 and 0.01–1.20 wt.%
Cr2O3), which shows that the gar nets com po si tion can vary sig -
nif i cantly within a given neph rite oc cur rence.

The Jordanów neph rite has high bulk-rock Fe/(Fe + Mg) ra -
tios, cor re spond ing to the ser pen tin ite-re lated nephrites. The
bulk-rock Cr, Ni, and Co are also typ i cal of the ser pen tin ite-re -
lated nephrites and higher than in the do lo mite-re lated va ri et ies. 
The mea sured con cen tra tions are sim i lar to the ser pen tin ite-re -
lated nephrites re gard less of the an a lyt i cal method used, whe -
ther that be prompt-gamma ac ti va tion anal y sis (PGAA) or pro -
ton microbeam par ti cle-in duced X-Ray emission (micro-PIXE).

The neph rite and neph rite schist from Jordanów have d18O
val ues rang ing from +6.1 to +6.7‰, and the av er age neph rite
dD value is –61‰. The av er age dD value is lower than the dD
val ues of most ser pen tine sam ples from the host-rocks. The
neph rite d18O and dD cor re spond with the pub lished data on the 
ser pen tin ite-re lated nephrites, al though they plot not far from
sev eral do lo mite-re lated spec i mens.

Ac cord ing to the ob served min eral paragenesis in the GJM
nephrites, four crys tal li za tion stages are pro posed:

– leucogranite rodingitisation (di op side and gar net) and
chlorite black-wall (“chlorite I”) for ma tion;

– nephritisation – tremolite (“tremolite I”) af ter di op side in
rodingite and af ter “chlorite I” in chlorite black-wall; spinel 
and chlorite (“chlorite II”) formed as a re sult of gar net
break down, al though “chlorite II” can be formed in the
way of spinel with ser pen tines re ac tion;
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Fig. 13. Spi nels from the Jordanów (spinel rimmed by
chlorite, this study, and un di vided spinel, af ter Gil, 2013),
Nasławice (un di vided spinel, af ter Łobos et al., 2008),
Crooks Moun tain and New Zea land nephrites (this study)
on dis crim i na tion di a gram mod i fied af ter Proenza et al.
(2004) and Barkov et al. (2009) and ref er ences therein

https://gq.pgi.gov.pl/article/view/7608/pdf_11
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– prehnite veins for ma tion;

– tremolite (“tremolite II”) af ter prehnite veins, actinolite
veins for ma tion.

Fur ther stud ies can pre cisely iden tify pro posed crys tal li sa -
tion stages.

The spi nels com po si tion in the GJM nephrites sug gests, at
least for the sec ond crystallisation stage, greenschist-fa cies
con di tions, al though lower-am phi bo lite-fa cies is not ex cluded.
The chlorite rims around spinel crys tals (“chlorite II”) con tain
less Si (IV): 2.84–3.14 apfu (29.16–31.89 wt.% SiO2), and more 
Cr (1.37–4.41 wt.% Cr2O3), rel a tive to the ma jor chlorites pop u -
la tion in neph rite (“chlorite I”, sub or di nate “chlorite II”) – Si (IV):
2.92–3.58 (30.94–38.56 wt.% SiO2) and 0.00–0.87 wt.% Cr2O3. 
The chlorite rims around spinel crys tals (“chlorite II”) seems to
have el e vated Cr in her ited from the gar net or spinel, un like
chlorite black-wall (“chlorite I”), which is less abun dant in Cr,
due to the lack of an abun dant source.

The first crystallisation event can be ten ta tively as signed to
ei ther the zir con age from rodingite black-wall in Nasławice (400 
+ 4/–3 Ma; Dubińska et al., 2004), or the zir con age from par -
tially-rodingitized leucogranite in Jordanów (337 ± 4 Ma; Kryza,
2011). De tailed tim ing of the crystallisation stages re quires fur -
ther in ves ti ga tion.
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