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Assrnacr. - A detailed X-ray mineralogical
research was carried out on the soil of Caverna
Pocala (Trieste Karst), a cave well known for the rich
bone deposit of Pleistocene fauna.

In a thin layer Ca-kutnahorite, kutnahorite,
hydroxyl-apatite and aragonite are present in addi-
tion to calcite , qrartz, feldspars and clay minerals.
The appearance of both Ca-kutnahorite and kut-
nahorite is very interesting, as up to now they had
never been found in caves. Moreover, these two Ca-
Mn carbonates are always associated with hydroxyl-
apatite and aragonite. Notable is also the presence
of gypsum.

The origin of kutnahorites, hydroxyl-apatite and
aragonite may be related both to decomposition of
the bone deposit and to pedogenetic factors, occur-
red in a reducent environment.

In this framework the calcium carbonate may
precipitate also as aragonite, because of the presence
of strontium derived from bones decomposition. The
origin of gypsum may be related to organic factors
that occur in this reducent environment.

RnssuNro. - Sul suolo della caverna Pocala(Car-
so Triestino), grotta molto nota per iI ricco deposi-
to di ossa di fauna pleistocenica, sono state fatie ri-
cerche mineralogiche per rnezzo di diffrattometria
a Raggi X.

In un sottile strato sono stati riconosciuti oltre a
calcite, qùarzo, feldispati e minerali argillosi calcio-
kutnahorite, kutnahorite, idrossiapatite e aragoni-
te. Di particolare importanza è stato il rinvenimen-
to di calcio-kutnahorite e kutnahorite, dato che fi-
nora non erano mai state segnalati nelle grotte. Inol-
tre questi due Ca-Mn carbonati sono sempre asso-
ciati a idrossiapatite e aragonite. Un'altro fatto in-
teressante è infine costituito dalla presenza di ges-
so sotto forma di noduli e incrostazioni.

Ilorigine di Ca-kutnahorite, kutnahorite, idrossia-
patite e aragonite può essere relazionata alle parti-
colari condizioni della grotta. infatti I'idrossiapati-
te può trarre origine dalla decomposizione del ric-

co deposito di ossa presentc, menlre Ia Ca,
kutnahorite e la kutnahorite si possono essere ori-
ginate in seguito a fenomeni pedogenetici avvenuti
in ambiente riducente.

Inoltre, per la presenza di stronzio (di derivazio
ne ossea) il carbonato cli calcio ha potuto precipita-
re anche s()lto forme cli nragonite.

Llorigine del gesso può essere ricondotta a feno-
meni di nalura organica, avvenuti nelÌ'ambiente ri
ducente sopra descritto.

Kly Wono: Ktttnahorite, soil, Karst, Cayerntt Poca
la (Trieste., Italy).

IurnotucrtoN

The Caverna Pocala (9lVG), entirely develo-
ped in carbonates (Borgo Grotta Gigante
member: Cucchi et al., 1987), is a rvelÌ-known
cave of Trieste Karst. The cave is fairly long
(about 137m) and reaches the marimal r.vidth
of 37n'r at the bottom. The soil is mainly com-
posed of loam, often u,ith calcareous debris
and numerous bones of Plcistocene fauna, in
particular "Ursus Spelaeus". As a result of a
large number of successfuÌ excavations, about
one thousand bonc remains and ser,eral paleo-
lithic and eneolithic humzrn handwork (Gher-
lizza and Halupca, 1988) have been found.

A thin gray layer, rvith carbonaceous debris
at the contact, was found in the pale-brorvn
Ìoam. The X-Rziv diffraction :rnalysis ol this
layer shows a presencc of two carbonates,
nameÌy Ca-kutn:rhorite and kutnahorite, not
verv common in c:rvcs. Tl'rese carbonales afe
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always associated with hydroxyl-apatite and
aragonite.

The kutnahorite is a Ca-Mn carbonate of
dolomite group, discovered by Bukow_
sky (1901) at Kutnà-Hora in Ciechoslova-
chia. The ideal formulas for kutnahorite is
CaMn (CO3)2. Ca-kutnahorite is a Ca-rich type,
whose formula as reported by Gabrielson Lnd
Sundius, (1966) is Ca1.4s Mn6.33 Mg6.1a (CO3)2.
They are usually associated with meiamo.piìlc
Mn-rich deposits. Winter et al. (19g1) found
these minerals in metamorphic Mn-car6onates
@ald-Knob, North-Carolina, USA), and report-
ed as formation temperature 575 + 40.ò. In
Italy, Cortesogno e/ at. (1979) found Ca-
kutnahorite in .diaspri, of Ligurian ophio_
lites. Bini and Menchetti (1985)-found kutna-
horite as spherules intergrown with aragonite
needles in the Limi di Terranuova Formàtion,

near Lc'r,Ane in the Uppcr Valdzrrno (ItaÌy). The
lzrtter discovery is remarkable as thc kutna
horite is lormcd in a sedimcntzrry environrncnt
.rrrcl is associated r.r irh aragorritt.. Th"i. lormu.
tion seems to :ìppear due to «peclogenelic
phenomcna mainly related to variation in the
water table level" (Bini and Menchetti, 19g5).

Erpgntl,teNrnr- pRocEDuRES AND Sruoteo
Marent,rt.s

Fig. 1, shows profile and map of the Cavcr_
na Pocala, and sample location.

| - Srtmplc: thin rvhite en(.rustalion orr lhe
soil.

- Minerttlogy: vcry- abundant calcite,
scarcc aragonite, and rare quartz.

Fig l - Map and prolile of c.verna Poczrla (Trieste Ka.st). The sample locations are reportecl irr thc rrrap.

t
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2 - Sarnple: gray laver (thickness 5-8 cm.)
sometin-ies u,ith thin (1--5 mm.) bleu-gr-een
ì:r-vering.

- Mineralogl: The largc number o[ an:r-
lysed samples shows the prcsence ol abundant
Ca-kutnahorite, calcite and quartz, minor
amount of aragonite, hvdroxyl-apatite, kutna-
horitc and scarce diasporo and Fe-oxides. Ca-
kutnahorite is morc :rbundant tor.vards the
center of the layer, whereas towards the bord-
ers calcite and organic substances prer.ail. Ca-
kutnahorite :rr-rcl hydroxyl-apatite are ah,vays
associated; thc other minerals are presenl in
variable amounts. The thin blue-grcen layer
shows the s:ìme paragenesis, rvith calcite be-
ing thc clominant mineral.

- Sample: dark loam on the top :rnd the
bottom of the gray laycr.

- Mine.ralogl: organic substances u,ith
carbonaceous debris, calcite, quartz, hy-
dro,r1, l-a pati te. Aragonite and kutn ahori te are

- Sample'. soil over and under the gray
layer.

- Mineralogy: clay, quartz, feÌdspar, cal-
cite, dolomite, hydroxyl-apatite and diasporo.
Clay is mainly composed of illite and subor-
dinatc clorite, kaolinite and smectite.

3 - Snmple: tender white encrustations on
the soil.

- Mineralos]: abundant calcite with
scarce aragonite.

4 - SampLe: thin tcnder layer similar to that
of point 2, but darker.

- Mineralogy'. abundant calcite and
quartz with n-rinor amount of hydroxylapatite,
Ca-kutnahorite, kutnahorite, aragonite and
rare feldspars and iÌlite.

5 - Sample: pale-red layer (thickness 10-1-5

cm.).

- Mineralogy: clay and quartz are very
abundant, calcite, hydroxyl-apatite and gibb-
site are present in moderate amounts, whe-
reas feldspar is rare. Clay is composed of iÌ-
ìite, that prevail over clorite, kaolinite and
smectite.

- Sample: clark encrust:rtions ol'ten cover-
ing calcareous debris.

M in e ral o gy : hvdroxyl-apatitc.

6 - Sample: little tender nodule of r.r,hitc-
ivor.v color.

- MineraLogy: gypsum. Thc gvpsum
reflections are often similar to those of
brushite, that is, a common phosph:rte in the
caves (Cancian, 1987). In ordcr to con[irm thc
presence of g1'psum, all the samplcs r.,"'ere

heated. As a r-esult reflections of bassanite or
anidrite r.vere obtained, proving the presence
ol gvpsum.

7 - Sample: tender r,r,hite-itorv encì'ustation
of 1-2 cm thick.

- Mine rctLog1 : gypsum.

8 - Sample: bone tragment included in
small white-ivory mass.

Mineralogt'. hydroxyl-apatitc arrd
gypsum.

Seven samples collected lrom the grav laver
of point 2 rvere ziccurately analyzed in orcler
to determinc lattice constant of Ca-kutnahorite
and hydroxyl-apatite. The X-ray diffraction
analyses rvere carried out using SIEMENS
D500 powder diffractometer under the follow-
ing conditions: radiation CuK« (40 kW 20 mA)
Ni filtered, speed 0.5 o 2filrnin., slirs 1 

o. The a,
and co cell parameters were computed by
means of least squares method using 10 index-
ed reflections. The data are reported in TabÌe 1.

Moreover, these 7 samples wcre prepared for
microprobe analysis with a CAMECA/CA
MEBAX system equipped with four WDS spec-
trometers operating at 15kV and -5nA. The
CAMECA-PAP program was used to convert
elementaI X-ray counts into rveight % oxides.
Unfortunately, as a consequence of the in-
tergrown grains it was impossible to perform
accurate analyses on each mineral. As an ex-
ample we report the foÌlowing analysis:
CaO- 18.47 o/o, MnO:8.28%, MgO:2.87%,
FeO:0,53%, SiO2:10.870/0, Al2O.:2.7 3,
K2O:1.45%, Sum=45.20, that suggests the
presence of both Ca-kutnahorite and Kut-
nahorite, with quartz ar-rd clay.

\
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Ca-kutnahorite hydroxyl-apatite
Sample

1)
2)
3)
4)
s)
6)
7)

Mean

4.910
4.914
4.909
4.920
4.916
4.922
4.914
4.915

76 .82 ( 11)
76.7L (3)
16.74 (e)
16.63 (e)
16.68 (11)
t6 .7t (7 )L6.82 ( 10 )]-6.73 (e)

ao (A) co (A) ao (A)

s.434 (e)
e.430 (10)
e.414 (e)
s.4s7 (16)
e.4s8 (1s)
e.4se (e)
e.4s3 (15)
e.444 (72)

co (A)

6.e1s (14)
6.8e4 (1s1
6.8e1 ( e )6.862 (r01
6.881 (2s)
6.8e1 (6)
6.8e0 (17)
6.88e (14)

(s)
(3)
(7)
(7)
(8)
(5)
(7)
(6)

Taelp 1

Cell pararneters of Ca-kutnahorite antl lrytlroxrl_apcLtite ol
layer of the second sampring st,tiort. stancrard 

-deviation 7 samples collected front the grtty
in parentese-s reler to tast cligit.

Tneln 2

Cell parameters ot' Ca-kutnahorite lrorn literuture ctntl p resent paper.

DrscussroN

Tivo intcrcsting Ca-Mn carbonatcs, kut_
nahorite :in d Ca-kut n a horite as soc i zrted u,ith
hvdroxy I -apzrti te, c:rl ci te, quartz, an cl aragonite
are present in a thin la_ver of the soil ol Caver_
n:i Pocaìa-

As consider.ecl Ca-kulnahorite, thc mearr
r.alucs olt,,;1,r, atìd uc,,, cell parametc-rs at.e
4.915A :rncl 16.73A, respcctileiy. T].rese .",alucs
:rr.' slir:hllr Irighr.t.,.iitlr r.esp..,.l ro tlrose
reporlecl b.r, other authors (?rbie 2). This n,rav
he duc lo :rnlrll ..harrgr,s ,rl curnposition 

f ..*.('iì ( unIerìl r tr ritrI ions). Tlre ..el I pa t.anì\,rcI \ ;f
C:r-Mn c:trbon:rte increzrsc ivith Ca content in-
cre:rsing, r.icc-vcrsa clecrcase rvith Mn content
incr-easing (Tzrble 3). Thus, our Ca_kutnzrhorite
szirnplcs probabll contliir.r ntore Ca tl.ran thosc
Icportecl bv olher authors (Tablc 2), even if the

effect o1'other c:rtions as Fe2+ ancl Mg is not
valu:rble.

Kutnzrhoritc vvas iclentified or.rlv in two s:ul_
ple'. The crlt.ulltion ol th..ir cell 1.,,,,",n.,.,:,tu, 4.85A. iìrtl r.,- lO.47Ar ,r,,r' ,..;, ;,,blernrrti.. clut.to orerlrrppirrp ol perrks rt ir,,ì
nahorite and Ca-kutnahorite. The obtainecl
v:rlues :ìre co[lpiìrable r.r,ith tl.rose reported bvBini ancl lvlcnchetti (198-5) (a,,:4.S-SZa u,r.t
c,, - 16.zl7A).

The rnean ao and c,, r,alucs of hr,dro_
rr l-aplrlitc lrr.t. q.4,1 A lrrrtl h.geA r.r.rpt.r.tirt.lr.
These r,,:rlucs are cornparablc,^,iìt., tt,or"
reporle^d b-v Sudarsanan :incl yotrng (1969;
a,39.424A, c,,:6.879A). Some c,f the iri-
\restigatecl samples prcscnt at,, :rnd c,, ceìl
piltirr'ìtcl(,ts .lilhtlr Irigher. rritlr r.crpt.t.l t,,
lho51'el Srrtiirlslrrrlrn rrrtl yurrrrc 1loov1 Tlri.
could bc relatcd to sn-iall .loiiì-r" contcnt

Bini & Menchetti, 1985
Gabrielson & Sundj_us, 1966Present paper

ao (A)

4.910
4.91
4.915

co (A)

16.552
16.60
76.73

*
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Taur_E 3

Variatiott ol cell paran'teter ol Ca-Mn carbonates with Ca content increctse. a), d) rhorktcltrctsirt.
ancl culcitc rcspectively Dl,Eflcmbcrgcr et al., 1981;b) ltutnuhorite 6r,, Peacor et al., 19E7; c) Cu-

kutnahorite b1 Bini anrl Menchetti, 1985.

ao (A) co (A)

a)
b)
c)
d)

Mno . saoMgo . o roF€o . o ooCOr
CÉro . lsMno . 4e6Mgo . o r rFeo . oo3CO3
C&o _ o zMrìo . e o oMgo . o s sF€o . o o sCOs

4.768
4.873
4 .910
4 .990

15.635
16.349
16.565
t7.o6tCao.ss Mgo.oro Cos

t9

(Chlorapatitc: :r,,-9.524 and cr:6.85A;
Mackie ct cLl., 1972).

The prcsence of h_vdroxyl-apatite n'ray be
related to bone decomposition, rvhilc zrs

regards the presence ol' Kutnahorites, these
n tal he rt'ìatr'cl to pe.logenet ic prot'esses uL ( u I -

rccl in :r rccluccnt cnvironment, as those
describecl by Bini and Menchetti (1985). This
is testi{iecl by thc prcscncc of d:rrk lo:,in-r zrt thc
top of the la1,er, causecl bv the clecollrl-:rosition
oI ut--r.rttic sttbslatttr's in \llurìlrnl \\rrlet.

Finally vve found ar''agonite zrnd gvpsum,
unusual to fincl in K:rrst c:rvcs. Ar-:rqonitc is
probably' related to the presencc of Sr, com-
ing out ol the bone decon-rposition, and occurs
both in thin l:,i1'cr :lssoci:ltcd r'r,ith kutnahorites
zrnd h1,c[r<-rxvl-apatite and in encrlrstatior]s
associatecl u,ith c:rlcitc.

Gvpsurl is present in nociules and enclusta-
tions. It's fomr:,ition mav bc influenced by
organic Iactors. It is r-rot:rble thzrt in other caves
(Hill:ind Forti, 1986) gypsum and phosphates
:rrc :rssociatcd rvith gu:rno clcposits. Balenz:rno
er a/. (1984), identil'ied ardealite, a verv rare Ca
pl-roph:rtc sr-rlpl-rate, :rssocialecl rvith gtrano in
:r calcureous cavc of Puglia (Ital--v). Morr:ovcr,
thc clcr:or-r-rposition of organic substances in
reclucent erlvironmcnt can origin l{2S, ancl
Iatcr, rvith vali:rlion of u,:rter level, oxidize tcr

HrSO+. The I'ollorving reaction ol H2SOa rvith
c:u'borratcs can plorluce glpsulll (Folti and
Rossi, 1987). Wc bclicvc that analogolrs pro-
cesses as c[escritterl above r,.r,ere r-csponsible lòr
the gvpsurrr lorm:rtiorr in thc Cavelnn Poczrl:r.

In the sumar), the deconrposion oI bones
could allou, thc formation of hvdroxyl ap:ititc
ancl aragonite, and, pedogenetic processes
undcr rcduccnt conditions rvould be respon-
sible for the genesis o[ kutnahorites ancl
g_vpsum.

AcrNowLuocl,t t'.Nls

Manv thzrnks:rrc due to thc.Società di Stucli Car
sici A.F. Lindner,, lor samplc colÌcctiol, to pr o[. E.M.
Piccirillo and prof. S. Menchetti for their criLical
reviclr,o[ thc manuscript. Thc financial support of
thc C.N.R. "Centro di Str-rdio pcr l'Orogcno dcllc Alpi
Orientali (Padoi,a), and ol the "Ministcro dcll'Univcr-
sità e cleÌla Ricerca Scientifica e Tecnologica,
(MURST 40% and 60%) is gratefully:rcknowleclgecl.

REFE,RE,NCES

Brt-nrzei,o F.. DEU-ArNr L.. Dr Ptr,-nro M. zrncl Frorr-:
S. (1984) Ardealite CIaHPO+CaSOq. 1H20 cL trcw
o.:currence untl rtew rJalri. «Netres -lb. Minelal.
Mh.,, r0, 46L 167.

Irt:tut le Ll p p e r VLI d a rrt o ( I t a I,t ). . Per'. Mineral.,. 54,
6t-66

Bt,rowsrv A. (1901) Kuttenberter nlan!(1tt-
mirLeralien. Anz.. der U I Congr. Bohtn. Nutnrforsch,
und Arzte. Plague, 293, Abstlactecl irr .Jb. Min.,,
2, 238, (1903).

CqÌ.rctaNr G. (1987) - Riccrt:he utincraloLit:ltc sui
loslttti dclle Srottc de I Car.so Gori:.iat'to c Tricstino.
Atti VII conv. Rc's. cli Speoleoìoria clel Fliuìi
Vcnezia Cìir-rl i:1. Cìorizin.

Conrp,socNr.r L., Luccrrurr r G., ancl PErco A.M. (1979)
-- It ntincrdlit.z.cta.iorti o tt..tguncsc nei dtaspri clalle

'll



20 G. Cexcr,rn ancl F. pnrtcrv,ellr:

olioliti liguri: mineralogitt e genesi..Rend. Soc. It.Mineral. e Petrol,, SS,'f .Sl-iqZ.
Cuccnr P, PtntNr R.cDtnrzz,lNr C. ancl puc;lrpsp, N.(1987) Tha carbonate strutigrultltic roqr"nr"-nftlr, hnt.:r ,,1 7ri,.:t, rlroltt. . M.,ir. S".. L.of. ì,,\L t987. .33 44
trrFr,raF.pc H., Mlnur rup K. rnd Zrv.\\\ J. tlgtilr _(-,rvst,aI \tru..turr t,t lint tnt ttt,,uI mLltttt,5itt,,.t;I(it,,

r n o d t) L- h ru \ r t e, s t d L. r i t {. -s m i t h s o ni te an d d o I o mi t e,wiln dt\t.u.i5.tuJt t)l \ont( Lt\rp.ts ol tltc.:tctcoche_
yt_l r r ; _, 1f ,. a I L. i r e - t i p 1,. u r h o rì a k s. . 2. I( .i rt ilì 

"e 
r, ",156. 2.3 ì 243

Fomr P and Rosst A. (t9g7) _ It cortcrezìctni
p o \im i n e ra I i 

. 
d e I Iu g rct I t tt d i S. 

^. 

i t t |a r ii,,ìiì,'ii',' r'r,t.sem1,i,', r itl, ntr deIl'in1Itr,.tt..a ,tc!ti ,.,1t;itihri \;i
lu ri-s,'l fu r i,u I ltt t t t i nc rt tBt, nt,si t.d t si ( tt.. At t i e Meru.

^( onrnì. srul rc Boegan , 26, 1l n4, Triertr..
U{BRII-rsr)\ O. and Sr \t)tr \ \. (lqÒb, _ C,t_ri< h kLtr_

n1 h,',r1 1 
p 

.1 
y,, n, I 

^t 
t t qbu n,swe, le t t. . A, kii M i;. C;lStoukholrn' . 4, 287-29O

GuurLrzze F. and H,qr_upca E. (l9gB) _ Spelaeus.
C.A.T., Gruppo Grotte, Tr.resre.

Hrrr A.(. rn(l fokn p 1loEol - C.rri, tnitrttll!;,,1 111,.t.t\trlLl. Nat. Spe I. Sor. (lrrr Arcrrur. , H,,,,r., ill.
Aìeberrre. USA

Mrr xrr P-E., Err lur J.(.. and yur rr, R.A. 1l.r/11lvlOttut lttut .\ttttt turt,,l,.t.ttth,.tic (,,t,rp().1rt.1,

-( 1,'rapa1i,r.. At ta Crlsr . R2g, ld40 lg4i.
Pr rr on D.R.. Essrrr E.J., Gqrrr,s A.\4. rlqBTr _l'ctrologic dnd ( t.\\tal.< ltcmicut intptii,uiun: o'l L ctrion ortlt r-dist,rd,.r iIt k,,,ruh,,,li i,. It:ì,i,,lèé,,"t

Am. Mint.ral. ,72, ilq-32E.
PossNF-R S.A., Br_umpNruAl C.N. uncl Blr.rs F. t19g-+i

- ('hcmisttl tuti \tth(turL.,,l t,n,iti,nt..J l',ri,,i
.t.11 apotirc. ln \,,1 riaytt "/.U.. phu.phr',,..,,,i,ì.,"jr",

^ 
\4uorr. PB. eJ., Spr i,rc..r v.,.t.g, d.rìi,ì, Xl" V..f.5r DqR\A\A\ K. arrtl ynr \r, R.{. 1196u1 _.\itttilit,tttr
p^tt c.isit)n _in , rtst,t1 ,,,1,,r,,ìiu| )",ri'i,:,"'il:ii:
.\/ri 1l?(.\ h.vtlru.rtl-ttpatlId. A( lit Crrst .. B25,
1-53.+-1.543.'

Wr\trR G.A.. Es.r rr E.J.:trrci pt.ìr uk D.R. t19gl)
C,L)rItt'ttate. tnd ptr,,y, 1.1si/, f totrt ,h, ,,,u,,r1,,,.r,
tlt ltu\il n,ar Ruld Kn,,h, 1ur,7 Catolitto. Ant.Mirrcral.,, 66. 27 B-28g.




