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First finding of high miscibility in the system
CaMg(CO,),-CaCo(CO,), in nature

Jordanka Minceva-Stefanova

Abstract. In a specimen from an unknown deposit a cobaltoan dolomite is determined in
rhombohedral crystals reaching up to | mm. They are zonal with colourless core and cobalt-bearing
periphery in intense raspberry-pink colour. The periphery is fine zonal with alternating zones of higher
(0.20 to 0.35 a.n.) and lower (0.03 to 0.18 a.n.) contents of Co, their width ranging from 5 to 2 um. The
total Co content increases towards the outermost crystal parts. The Ca content is always higher than 1
a.n. due to the presence of finely dispersed calcite inclusions. After correction for Ca = 1, the highest
Co content is with a value of 0.46 a.n., very near to the maximum value for the dolomite part of the
system CaMg(CQ,),-CaCo(CO,),. The highest Co content reported up to now in the literature is
0.13 a.n.

The established zonality is controlled by the limited miscibility in this system because of the
crystallochemical disadvantage of the phase CaCo(CO,),. In this connection a statement is proposed
that all natural crystals of cobaltoan dolomites are zonally developed.

The miscibility in the system CaMg(CO,),-CaCo(CO,), is not connected with the structure
volume expansion which indicates that it is ind;ependent on the P|T crystallization conditions. The
investigated cobaltoan dolomite is formed in an oxidation zone. It is deposited on goethite.
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B obOpa3zey OT HEM3BECTHO HAXOJHIIE € YCTAHOBEH KOOANTOB HOJIOMHT B POMODOCHPHYHH
kpucTtanu ¢ pasmepu o 1 mm. Te ca 3oHanuu ¢ GesuBeTHo Anpo u kobaxroHocHa nepudepus B
HACHTEHO MAJMHOBO-po30B UBAT. [lepudepusra ¢ PUHO30HANHA B aJ1TePHHUPAIUM 30HH C MO-BHCOKO
(0,20 o 0,35 a.u.) n mo-mucko (0,03 5o 0,18 a.w.) cbabpxkavue Ha Co ¥ WIMPOUNHA Ha 30HUTE OT 5 A0
2 um. Tortanuoto chabpxanue Ha Co ce ypenu4yasa B MOCOKA KbM Hafl-BBHIUHMTE 4acTH Ha
kpuctanmute. Chrabpxanneto Ha Ca ¢ BUHATH MO-BUCOKO OT 1 a.4., MOpanu HaJMYHe Ha pUHOIUC-
TeprUpany KanuuTosu BxiaroyeHHs. Ilpu xopekuus 3a Ca = 1 Haii-BucokoTo cbabpxkanue Ha Co e
cne cTomgocT 0,46 a.4., KOATO € MHOro OIM3KO N0 MAaKCHMAJHaTa 34 AOJOMMUTOBATA 4acT Ha
cuctemata CaMg(CO,), -CaCo(CO,),. Haii-sucokoro chabpkanue Ha Co B NONOMHUTH crnopen
NaHHUTE B JIUTEpATYpaTa 40 cera € 0,f3 a.4.

TIpencraBeHaTa 30HAJHOCT € KOHTPOJMpAHa OT OTPaHHYeHaTa CMECHMOCT B Ta3H CHCTEMA,
nopags KpUCTanoXxMMu4HATa HeusromgHocT Ha ¢asata CaCo(CO,),.B Tasu Bpw3xa € u3kasaHo
CTaHOBHUIETO, Y€ BCHYKH IPUPOIHT KPUCTATH Ha k00anToBUs JOJIOMMT €2 30HAJIHO Pa3sBHUTH.

Cmecumoctra 8 cucremara CaMg(CO,),-CaCo(CO,), ne e cpLp3ana ¢ pasmupenue na obema
Ha CTPyXTypara, KOETO O3HayaBa, ¢ TA ¢ He3aBucuMa ot P/T ycropusTa Ha XpHCTAJM3AIMS.
Hscnensanusar kobanroB 1oNoMUT € obpa3ysan B OKHCIHTENHA 30Ha. TOH ¢ OTNOKEH BBPXY THOTHT.

Katouosu Oysu: xo6anTos 1oj0oMuUT, cMecuMocT B cictemaTta CaMg(CO,),-CaCo(CO,),
Adpec: Brarapcka akanemMus Ha HaykuTte, ['eomoruyecku MHCTHTYT, 1113 Codus



Introduction

In accordance with the first data in the literature (G ib b s, 1897) for a presence
of dolomite with cobalt content (CoO 5.17 wt. %) found at Pribram, Palache et
al. (1957) admitted cobaltoan variety of the mineral. That data remained the only in
the literature up to 1992, when Douglass reported for cobaltoan dolomite from
two deposits in Zaire—Kamoto mine and one unknown mine. Douglass (1992)
has studied (in SEM conditions with EDX-system) the amount of Co in minerals
labelled as cobaltoan calcite or spherocobaltite but with similar in intensity pink
to pink-burgundy colour. The 13 point analyses on 8 specimens, as noted by
Douglass, have revealed that all pink minerals are cobaltoan dolomites.
According to the results from two to five analyses within the limits of two samples is
concluded, that these minerals in their chemistry are quite heterogeneous. The
contents of Co in atomic % at XMe = 100% (D ouglass, 1992) are as follows: 5.7,
2.9,2.7, 1.4, traces (4 times) and n.d. (4 times). The recalculation in the present paper
of these quantitative data in atomic numbers at XMe = 20% gives (in the same order):
0.11, 0.06, 0.05 and 0.03 Co.

Douglass does not comment the genesis of the determined cobaltoan do-
lomites but the mentioned malachite is a fact for their formation at supergenouis
conditions.

Presenting different minerals from collections Cooper {1992) includes a
photo of specimen also from Kamoto mine, Zaire with cobaltoan dolomite with
intense pink colour, deposited together with malachite over a supergenecous
native copper.

Recently our attention was attracted by the intense raspberry pink colour of
one carbonate mineral, observed in a specimen unfortunately from unknown deposit.
It was found that this mineral is also cobaltoan dolomite and forms only the periphery
of rhombohedral crystals with core of colourless dolomite. The investigations on the
chemical composition of these zonal crystals allowed to formulate some new
conclusions about the crystal chemistry of the dolomite-structure type carbonates.
These new conclusions are commented in the present paper.

Description of the specimen
and the investigated mineral

The specimen is with dimensions 6x5x4 cm. It is a part of breccia with pieces of
embedding rock and hydrothermal minerals — mainly coarse granular white calcite
and coarse granular colourless dolomite. The latter mineral is locally coloured in
pale pink resulting by the presence of fine zones containing CoO up to 2.4 wt. % or
of small spots of infiltrated iron hydroxides (according to electron microprobe
determinations).

The cement is of massive goethite (X-ray determined) which along the boundaries
toward the numerous cavities is developed as colloform crust with cluster-like surface
up to 2-3 mm thick. It is composed by densely packed radial acicular crystals (Pl., I)
forming spherulites. Inside the cavities on the goethite crust is deposited the
investigated mineral as separate (P1., 2) or druse-like (PL., /) small crystals. They are
covered by calcite flat-rhombohedral crystals (Pl 4) (main form ¢ {0112} and slightly
developed m {1010}) with length along the a-axis up to 1.5 mm. The first mentioned
crystals range from 200 to 700 pm or 1 mm and are bounded only by the unit
rhombohedron #{1011}. Seldom on these crystals in oriented position are overgrown
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microcrystals of the mineral as result of
later nucleation. Their morphology and
colour are fully analogous to the basic
crystals (Fig. 1). According to the electron
microprobe study the pink colour of the
mineral depends on the Co content.

After breaking the crystals their zo-
nality is revealed — raspberry-pink pe-
riphery and colourless core. In SEM-
COMPO conditions is determined that the
periphery alone is fine zonal. According to
the different lightness degree and extent of
the alternating zones two “bands” are
distinguished. The inner one is characteri- O & ;1
e . . . cobaltoan dolomite with overgrown in oriented
36(1 by dlf%ttllllld dl»ffg;en(;f; in the llihtéless position of two later nucleated rhombohedral
ggree o € neignoouring zoncs and oy microcrystals of cobaltoan dolomite too
bigger extent (5 to 3 um) of the dark zones  ®wur. 1. {'Ipoexuﬂﬂ Ha pomGoeapHYeH KPUCTa
(P1., 4). The outer “band” is composed of  ©7 k00aaTOB AOJIOMUT ¢ OPHEHTHPAHO Ha-

. . . . ) pacHan¥ [Be MO-KbCHO 3apofeHH pombo-
zones with most high lightness in alterna eIIpHYHH MHKPOKDUCTANYETA CHIO OT KOBAN-

tion with very fine zones of some lower o5 ponomur
lightness (Pl., 4). The relation of the width
of the core and the two “bands” is approximately 1:1:1 up to 2:1:1.

The X-ray diffractometry of the most intense coloured particles of the mineral
established the entire identity of the d, A and I with those of pure dolomite (JCPDS
— ICDD, 1994, 36-426).

Fig. 1. Projection of a rhombohedral crystal of

The chemistry of the zonal dolomite - cobaltoan
dolomite crystals

The analyses are carried out in the Geological Institute of the Bulgarian Academy
of Sciences on a SEM JEOL SUPERPROBE 733 with a HNU ‘System 5000’ attachment
for energy dispersion microanalysis operating at 15 kV accelerating voltage and 1 nA
beam current. The following standards are used for Ca — CaCO,; Mg — MgO; Co —
CoAsS; Zn — Zn Si0,; Fe — Fe,O,; Mn — MnO, and Cu — Cu§0 "

The results are presented in the Tables 1 and 2. The order of the analyses is
correlated with the increase of the Co content. On the same basis is elaborated Fig. 2
too. The tendency of the real disposition of the zones according to their Co content
is schematically illustrated in Fig. 3. A photographic exactness of this illustration
could not be attained because of differences in zonal arrangements of the inner
“band” in the crystals (Pl., 1, 4) and extremely small width of many of the zones. The
latter peculiarity influences the information exactness of their chemistry.

Twenty-three quantitative electron microprobe analyses are carried out, from
which 18 are selected eliminating the doubling results. On the basis of the Co content
in atomic numbers the following nomenclature is adopted: up to 0.02 — dolomite;
from 0.02 to 0.10 — Co-containing dolomite, and from 0.10 to 0.50 — cobaltoan
dolomite. The contents of the separate elements are determined as carbonate
components (in wt. %), whose values are recalculated in oxides (Table 1) and the

values of the atomic % — in atomic numbers (a.n.) for the crystallochemical formulae
(Table 2).
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Fig. 2. Diagram of the variations in the contents of Co, Mg, Cu and Zn in the zonal dolomite -
cobaltoan dolomite crystals, according to the electron microprobe analyses (Table 2), ordered in
accordance with the increase of the Co content

Qur, 2. quarpaMa Ha BapuaianaTe B chAbpxanueTo HA Co, Mg, Cu u Zn B 30HAJHUTE JOJIOMUT-
k00alITOBO JOJIOMHTOBH KPHMCTalld CIOpE] €JEeKTPOHHO-MHKPOCOHAOBHTE aHamu3d (tabnuma 2),
noJpeleHH cboBpa3HO MOBHINABAHETO HA ChabpxXaHHeTO Ha Co
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PLATE TABJIHIA




.PLATE

SEM photographs

I. A crust of druse-like zonal dolomite (in the core — dark gray) — cobaltoan dolomite (gray to light
gray) crystals, deposited on goethite spherulite (white). COMPO. Scale bar 100 pm

2. A separate rhombohedral ( r {1011}) crystal of cobaltoan dolomite. Scale bar 500 pm

3. Three rhombohedral crystals of cobaltoan dolomite, including in calcite flat-rhombohedral crystal
(e {0112} with slightly developed m {1010}). Scale bar 500 pm

4. Fine zonal dolomite — cobaltoan dolomite crystals. COMPOQ. Scale bar 100 pm

dark gray — dolomite core; gray — Co-containing dolomite zones; light to very light gray — zones of
cobaltoan dolomite with different Co content (direct correlation with the degree of lightness)

TABJHULA

CEM doTorpadun

I. Kopa oT [OpY30BMAHM M4JIKW 30HAJIHH AOJOMHMT (B fOPOTO — TbMHOCHBO) — Kk00aiTOBO
NOJAOMHTOBH (CHBO 10 CBETIOCHBO) KPHCTAJIM, OTJIOKEHH BHPXY FrbOTHUTOB cd)cponm" (6ano), COMPO.
Maia6 100 um

2. Otpenen pombBoeaputen {  {1011}) kpucTan oT K062ITOB AOJIOMHT. Mama6 500 pm

3. Tpu pomboeapuunu KpUCTaind OT KoOaNTOB KCJIOMHMT, BKIIIOYEHH B KaJLMTOB ILJIOCKO-
pomboenpuuen kpucTtan (e{0112} cbe cnabo pazsuta m {1010}). Mama6 500 pm

4. duno3cHaHu A0JOMUT — k0BanToBO nosioMHTOBH kpucTasin. COMPO. Mamiab 100 pm
TLMHOCHBO — JIOJIOMHTOBO #PO; ¢MBO — CO-ChbABpKAILK ACIOMHMTOBM 30HH; CBETJIO- O MHOr0
CBETJIOCHBO — 30HH OT K0BaNnTOB AOJOMMT C pasnu4vHO chbAbpXkaHue Ha Co (nipaBa KOpenauus cbe
CTEINEHTA Ha CBETJIOCT)



Table 1

Chemical composition (only MO in wt. %) according to clectron microprobe analyses of the zonal
dolomite - cobaltoan dolomite crystals from an unknown mineral deposit. The order of the analyses is
correlated with the increase of the Co content

Tabnuma 1

Xumuuen cocmas (camo MO e meea. %) cnoped eaeKmpoHHO-MUKPOCOHO 08U QHAAU3U HA 30HAAHUME
doaomum - Ko0aamoso J0AOMUMOGH KPUCMAAU OM HEU3BECMHO Haxoluiye. Pedvm Ha anasusume
¢ cBobpasen ¢ ROBUULABAHEMO Ha codsprcanuemo Ha Co

Analyses | CaO MgO CoO CuO ZnO FeQ MnO
No
1 32.13 18.91 0.53 1.27 0.08 0.09 n.d.
2 31.12 20.40 0.61 0.18 0.22 n.d. 0.11
3 31.91 19.31 0.64 0.35 0.24 0.44 n.d.
4 32.17 19.15 1.50 0.28 n.d. n.d. n.d.
5 32.38 13.93 5.73 1.91 0.61 0.02 n.d.
6 34.04 13.00 6.32 2.08 nd. n.d. 0.19
7 30.67 14.37 6.96 212 0.72 n.d. 0.05
8 30.55 14.71 7.31 1.82 0.16 0.02 n.d.
9 30.31 13.57 7.64 245 0.04 nd. n.d.
10 32.37 11.99 3.22 2.23 n.d. 0.14 0.25
11 32.89 11.47 8.95 1.94 n.d. 0.04 n.d.
12 32.12 11.47 9.85 1.85 n.d. n.d. 0.10
13 31.38 11.09 10.17 2.50 0.52 0.14 n.d.
14 31.91 9.32 12,12 244 0.05 0.27 nd.
15 32.01 9.26 12.27 2.37 n.d. 0.21 n.d.
16 31.15 10.35 12,33 1.83 n.d. nd, 0.22
17 32.48 7.63 12.57 2.39 0.41 0.27 0.81
18 33.34 7.09 12.86 274 0.62 n.d 0.02
Table 2

Crystallochemical formulac calculated on the basis of 10 atoms (2 + 2[CO]) according to the chemical
" analyses presented in Table 1
Tabnuuma 2

Kpucmanoxumuuru opmyau, usuucaenu na 6asza 10 amoma (2 + 2[CO.J) cnoped xumuunume
anaausu, rpeocmadenu 6 mabauya 1

Analyses ., Atomic numbers
No Ca Mg Co Cu Zn Fe Mn
1 1.67 0.88 0.01 0.03 (0.002) (0.002) —
2 1.03 0.94 0.02 (0.604) 0.01 - (0.003)
3 1.06 0.89 0.02 0.01 0.01 0.01 —_
4 1.07 0.88 0.04 0.01 — - -
5 1.12 0.67 0.15 0.05 0.01 (0.001) —
6 1.16 0.62 0.16 0.05 — — (0.005)
7 1.06 0.69 0.18 0.05 0.02 - (0.001)
8 1.06 0.71 0.19 0.04 © (0.004) (0.001) —
9 1.06 0.66 0.20 0.06 0.02 - o
10 1.13 0.58 0.22 0.06 — (0.004) 0.01
11 1.15 0.56 0.23 0.05 — (0.001) -
12 1.13 0.56 0.26 0.05 _ — (0.003)
13 1.11 0.55 0.27 0.06 0.01 (0.004) -
14 1.14 0.46 0.32 0.06 (0.001) 0.01 —
15 1.15 0.46 0.33 0.06 - (0.005) -
16 1.11 0.51 0.33 0.05 — — (0.005)
17 1.17 0.38 0.34 0.06 0.01 0.01 0.02
18 1.21 0.36 0.35 0.07 0.01 — (0.001)
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Fig. 3. Schematic illustration of the tendency in the real distribution of the
zones according to their Co content in the zonal dolomite - cobaltoan dolo-
mite crystals

@ur. 3. CxeMaTHYHO NpPeICTaBAHE HA TEHIACHIMATA B PeajHOTC pasnpe-
HeJleHHe Hd 30HMTE CHOpel TAXHOTO chbiabpxanue na Co B 30HaJHMTE HO-
JIOMUT - KO0AJITOBO LOJIOMHTOBH KPHCTAJIH

The crystal core is distinguished by homogeneous dolomite composition with
low contents (in a.n.) of Co — up to 0.02; Cu — mean 0.02; Zn — uap to 0.01 and
traces of Fe and Mn (analyses 1-3, Table 2; Fig. 2).

In the zonal periphery the distribution of the different elements is in remarkable
variations.

Cobalt: the inner “band” starts with sharply outlined zone of cobaltoan
dolomite, 2 pm wide and with high content of Co — 0.26 a.n. (anal. 12; Fig. 3)
followed by Co-containing dolomite zone, comparativelly most wide (up to 5 um)
and with Co content 0.03 a.n. (P1,, 4 Fig. 3). The next alternation includes zones of
cobaltoan dolomites with variable Co content — 0.20 to 0.27 a.n. (anal. 9-13; Fig. 3)
and width up to 2 pm, on one side and Co-containing dolomites with Co from 0.03
to 0.07 a.n. on the other side (representative analysis 4), which change gradually in
cobaitoan dolomites with lower content of Co — 0.15 a.n. (anal. 5; Fig. 3). Their
width diminishes from 5 to 2 um. The outer “band” is distinguished by zones with the
highest content of Co — 0.32 to 0.35 a.n. (anal. 14-18; Fig. 3) and width up to 2-3 um.
The fine zones between them are also of cobaltoan dolomites with content of Co
mainly from 0.16 to 0.19 a.n. (anal. 6-8). It is of interest that the highest Co contents
are characteristic also for the later nucleated little crystals (Fig. 1). The outermost
zone of their basic crystals is however with some lower Co content — up to 0.32 a.n.
which indicates that the later nucleation has been developed during the final episode
of the growth of the zonal crystals, but only in separate places.

Calcium: its content is always higher than 1 a.n. — from 1.03 to 1.21 (Table 2;
Fig. 2). '

® 111 carbonates of dolomite-structure type content of Ca > 1 in direct correlation
with the content of Fe and Mn is determined in ferromanganoan dolomites and
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manganoan ankerites, deposited in well developed crystals at mesothermal conditions
(Minc¢eva-Stefanova etal, 1967b; Minéeva-Stefanova, 1970). The
distribution of Ca in part of the B sites is result of three formation conditions: increased
temperature of the solutions favouring isomorphous relationships; high activity of
Ca?* in the solutions (marbles as embedding rocks); content of Fe and Mn as elements
influencing expansion of the structure.

The investigated zonal crystals, however, are deposited on goethite. They were
developed at supergenous conditions — normal temperatures. On the other side the
numerous calcite crystals deposited immediately after the zonal crystals are an
indication for the high activity of Ca?* in the solutions still during their crystallyzation.
As result a synchronous crystallyzation of calcite micro- to submicrocrystals had
begun. They were included in the growing crystals as irregularly fine dispersed
inclusions. In SEM-COMPO conditions are observed many calcite microcrystals in
these zonal dolomite - cobaltoan dolomite crystals (P1., 4). The values of d, A of the
coloured periphery, which are identical to those of the standard pure dolomite, are
additional indication for the lack of Ca?* in the B sites.

In spite of the conclusions for content of Ca = 1 in the zonal crystals, recalculated
values for Co content are not introduced in the text.

Magnesium: its content varies from 0.94 to 0.36 a.n. and is in inverse correlation
with the content of Co as main elements in B sites. The symmetry of their both curves
(Fig. 2) is interrupted by the content of Ca > 1. In the composition with the lowest
content of Mg (0.36 a.n.) the content of Co is the highest (0.35 a.n.), but at Ca = 1.21
(anal. 18; Fig. 2). With the reasonable correction at Ca = 1 for the both elements are
derived values .47 and 0.46 or 0.5 and 0.5 a.n. Therefore in the studied zonal crystals
the relation between the two components of the system CaMg(CQO,),-CaCo(CO,),
reaches 1:1 with intermediate compositions only in the dolomite part

Copper: in between all trace elements only the copper is in steady and comparatively
enhanced contents — from 0.01 to 0.07 a.n. (Table 2) with tendency from 0.05 to
0.07 a.n. in the cobaltoan dolomites with Co > 0.15 a.n. (anal. 5-18; Fig. 2).

Zinc: this element is also of crystallochemical interest even though its contents
are very low — from 0.01 to 0.02 a.n. after § analyses and < 0.01 to n.d. after the
another 10 analyses.

Iron and manganese: these two elements are identified in quantities 0.01 a.n.
only in 3 to 2 analyses (Table 2) and < 0.01 to n.d. in the all rest analyses. Also they
are uncharacteristic elements for the chemistry of the studied zonal crystals.

Crystallochemical correlations and conclusions

There are three crystallochemical characteristics of the studied zonal dolomlte
- cobaltoan dolomite crystals:

— compositions with higher content of Co than the announced in the literature
{(up to now maximum 0.13 and 0.11 a.n. for the cobaltoan dolomites from the Pribram
deposit and from the two deposits in Zaire). The derived Co content of 0.35 a.n. after
correction to Ca = | reaches the limit for the dolomite part of the CaMg(CO,),-
CaCo(CO,), system;

— development of two staged zonality: I — dolomite core practically without Co
and cobalt-bearing periphery, and II — fine zonal development of the periphery. The
generalized zonality in the total distribution of Mg and Co in the crystals along a
profile from their centre is as follows: Mg—Mg>Co—>Co<Mg. The results from the
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analyses display uninterrupted series
with  intermediate solid solution
compounds in the dolomite part of the
system (Tabie 2; Fig. 4);

— presence of Cu and Zn at Cu>Zn
as characteristic trace-elements. The
association Co -Cu -Zn is announced for
the first time for natural carbonates of a
dolomite-structure type.

The three crystallochemical cha-
racteristics of the studied zonal dolomite
- cobaltoan dolomite crystals are the

) : 1 i I | Lt 1 b

270 290 310 330 350 370 meaning of the main result of the present
v, A3 investigation — the first finding of high
Fig. 4. Comparison of the [M**} ionic radius Ié’lié(:lb(ljlolty H: the tCaMg(CO3)2-
with the unit cell volume for calcite-structure aCo( ) system in nature
carbonate (MCO,) according to R eeder The Compound CaCO(CO ) does
(1983) . not occur as mineral nor has 1t been
‘I’"F-G“- Cpasnenue na [M*']” -lonnu pannycu synthetized. The miscibility in that system
¢ obemMma Ha eneMeHTapHaTa KJETKa Ha _
cpoTBeTHHTE Kapbonatu (MCO,) ¢ xanuuTos as part of the system CaCO MgCO
Tun cTpykTypa, copen R ¢ ¢ d e 1 (1983) CaCO, has been considered untll now

only according to the results obtained by

experimental investigations (Gold-
smith, 1983). The experiments have been carried out however at 600, 650, 700 and
750°C and a confining pressure of 15 kbar. Along the direction CaMg(CO,),-
CaCo(CO,), (the latter defined as a hypothetical end member) a very narrow field of
cobaltoan dolomite extends at 600°C approximately 22% and at 750°C — 52%.

The conditions of these syntheses are discrepant with P/T condition in an
oxidation zone.

The explanation of the established crystallochemical dependences in the
chemistry of the studied zonal dolomite - cobaltoan dolomite crystals is possible only
in comparison with the miscibility of the dolomite-structure type carbonates (R3)
including the calcite-structure type carbonates (R3c¢) too. As it is known the degree
of these miscibilities is in dependence on the difference in ionic radii of the metals —
conditions controlling the volume of the structure. These dependences are clearly
illustrated on the example of R3c carbonates by R e e d e r (1983), but the diagram is
demonstrative also for the possible carbonates of dolomite type as well for the degree
of isomorphic relationships in their B sites. Lacking is only projection of Cu; the
participation of Cd will be not included in the following consideration.

About the R3¢ carbonates it is of interest here the following relations connected
with the calcite, but in dependence only on their formation conditions in nature:

— a miscibility in the join calcite-spherocobaltite is impossible, due to the
distinctly large difference in the ionic radii of Ca and Co?* — 0.26 A, which is very
near to the same value for Ca and Mg — 0.28 A. This means that cobaltoan calcites
or calcian spherocobaltite could not be formed in nature. A revision of the minerals
labelled in various collections as cobaltoan calcites could reveal that they are related
to the cobaltoan dolomites as the results communicated by Douglass (1992)
show or eventually to spherocobaltite;

— a miscibility in the system calcite-rhodochrosite is possible at favourable
temperatures above 200°C (mainly in mesothermal conditions) since the significant
difference in the ionic radii of Ca and Mn?* — 0.17 A. Simultancously this difference
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is valid for the ordered carbonates R3 too and especially for the ordered phase
CaMn(CO,),.

Concernmg the carbonates of the dolomite-structure type only the dolomite is
distinguished with most favourable and stable in crystallochemical aspect structure,
which determines not only its wide distribution in nature but also its role as basic
composition in the miscibility of this structure type carbonates.

On the diagram presented by R e e d e r (1983) (Fig. 4) estimating the projection
of Mg as a starting point two groups of M** as mutual partners of Mg in B sites in
the structure can be differentiated:

— the first one includes Fe?" and Mn** whose ionic radii are distinctly larger
than that of Mg with differences 0.06 and 0.11 A respectively. In connection with
prev1ous investigations the author (Minceva-Stefanova et al, 1967 a, b;
Minceva-Stefanova, 1970) of the present paper formulated a conclubions
for the miscibility dependences in the system CaMg(CO,),-CaFe(Co,), -CaMn(CO,),
from the P/T mineral formation conditions. The increase of the Fe content in the
system CaMg(CO) -CaFe(CO,), (up to 80 mol % CaFe(CO,),) is expressed with
volume expansion of the structure of the intermediate compounds on account of
which the miscibility is in direct correlation with the temperature. The miscibility in
the system CaMg(CO,),-CaMn(CO,), is definitely favoured by simultaneous

participitation in the solid solutions compounds of the phase CaFe(CO,),, the

isomorphous Fe?* of which caused an expansion of the structure. With the increase
of the Mn content at the indispensably favoured temperatures the miscibility would
tend toward disordered phases, including (Ca,Mn)CO, with Ca:Mn = 1:1. For
growing of ordered phase with very high content of CaMn(CO ), a mutual influence
of higher pressure 1 necessary;

— the second group of elements includes Co, Zn, Cu and Ni, the ionic radii of
which are very near between themselves and to that of Mg (Fig. 4). Consequently
V (A% of the unit cell of their ordered phases will be with very near dimensions and
the miscibility between these phases must be independent from the P/T conditions

“and could be achieved at lower to normal temperatures and normal pressure. Actually
at low temperature hydrothermal or supergeneous conditions of mineral formation
the solid solubility of elements in a main mineral phase is controlled by the impossibility
for volume expansion of the structure. This conclusion is formulated on the example
of the chemical composition of the cobaltoan smithsonite from Sedmochislenitsi
deposit Minceva-Stefanova, Neykov,1991).

Although the crystallostructural and crystallometrical analogy the miscibility of
the ordered phases of the second group elements is strongly limited due to the
crystallochemical disadvantage for formation of their crystal structures. Only the
phase CaZn(COS) is found as mineral named minrecordite (Garavelli et al,
1982), but it contains (after two analyses) always some Mg — 0.07 and 0.13 a.n.
Keller (1984) recorded for Tsumeb (up to now a single occurrence of minrecordite)
too the presence of zincian dolomite with different to highest content of Zn, partly
pink coloured by isomorphous Co.

The question why the another three ordered carbonates CaCo(CO,),,
CaCu(CO,), and CaNi(CO,), are crystallochemically “forbidden” is discussed but
not explamed in the literature. This problem includes also the pure ordered phase
CaFe(CO,), which is not found as mineral nor has it been synthetized despite of the
numerous experlments for syntheses. Reeder (1983) concluded that the cation
pairs in the carbonate of the dolomite-structure type may be divided into two
categories (Table 3) — “stable” and “unstable”. Discussing the relationship in the
system CaMg(CQ,),-CaFe(CO,),-CaMn(CO,), a comparison with the difference in
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Table 3

Some crystallochemical data for M?" in the structure of dolomite type carbonates

Tabnruma 3

Omdeanu kpucmasoxumuuny dannu 3a M** e cmpyxmypama Ha 0040MUMOSUR MuUn Kapbonamu

Ionic radius differences of the M?* pairs Values of electronegativity (EN)
(in A and B positions) of the same cations
accordingto Reeder (1983) accordingto Paulin g(1932)

Stable pairs AV r (A)

Ca 1.0

Ca - Mg 0.28 Mg 12

Ca - Mn 0.17 Mn 14

Ca-Zn 0.26 Zn 1.5

Unstable pairs AV'r (A)

Ca - Fe 0.22 Fe 1.7

Ca- Co 0.26 Co 1.7

Ca - Ni 0.31 Ni I.8

Ca-Cu 0.27 Cu 2.0

the electronegativity (EN) of Ca and the metal in B sites was given (Minceva -
Stefanova,Gorova, 1967), which is extended here for the pairs Ca-Co, Ca-Zn,
Ca-Cu and Ca-Ni (Table 3). Very good considerence is received with the indicated
differences by Reed er (1983). For the “stable” pairs of cations AEN is with lower
values in comparison with the values of AEN for the “unstable” pairs. The AEN of
Ca and Mg is very low.

The high structure stability of the dolomite and the crystallochemical
“forbiddance” for the structure of the ordered phases of the second group elements
controlled the limitation of the miscibility in the corresponding binary joins in the
part of the dolomite component (a little exception for the CaZn(CO,),-part).

Natural compounds of dolomite with Cu and Ni content are not found uniess as
trace elements. With the present interpretation is confirmed the validity of the
formulation only for the system CaMg(CO,),-CaCo(CO,),.

The deduced three crystallochemlcal characteristics of the studied zonal dolo-
mite - cobaltoan dolomite crystals are in connection with the presented main features
of the dolomite type crystal chemistry. The established miscibility in the given system
is developed only in the dolomite part and is not connected with a volume expansion
of the structure. Characteristic trace elements are only Cu and Zn. The contents of
Ca higher then 1 a.n. are caused by calcite microcrystals inclusions. The zonal crystals
were deposited at supergene conditions.

The proper zonality, represented by a core of homogeneous almost pure dolomite
composition and zonal Co-bearing periphery with expressed tendency for changing
in the total content of Mg and Co, is highly informative for the crystallochemical
control during the crystal growth. Together with the influence of the physico-chemical
formation conditions the most important dependences of this control are as follows:

— the crystallization start with core of dolomite is result not so much of the
stronger advantage for growing of the most stable structure than of the impossibility
for deposition of rich in Co dolomite from solution with insufficient activity of Co**

— after the enclosing of considerable part of the Mg?* in the growing crystals
and the realized in connection with that abrupt increase of Co** activity in the solution
was possible the crystallization of cobaltoan dolomite with comparatively high content
of Co — 0.26 a.n. (PL, 4). As it could be reasoned by the small width (1 to 3 um) of
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this zone the growth of the crystals with such Co content has been quickly interrupted.
The cause for this blocking might be only the unfavourable influence of Co?*
incorporated in the dolomite structure. On account of the crystallochemical
disadvantage of the phase CaCo(CQO,), these Co’* play a role of adsorbed impurities.
The crystal growth has been restored by the oriented overgrowth of dolomite with
low Co content at longer episode of crystallization (the width of this zone is 2 to 3
times bigger). The following alternation of dolomite zones with higher or respectively
lower Co content (Fig. 3) is a manifestation of the control of the activity changes of
Co** and Mg?* in the solution and as well as the permanent blocking of the growth of
the zones with higher Co content. In other words the further growth of the crystals
was supported by the poorer in Co dolomite zones. Just after the considerable
diminution of the Mg?* activity in the solution had possible development of the zones
with the highest Co content (up to 0.5 a.n.). An indication for dropping role of the
Mg** in the solution is also the growth stopping of the crystals and followed individual
crystallization of calcite.

On the grounds of the studied zonal dolomite - cobaltoan dolomite crystals is
taken out the statement that all natural crystals of cobaltoan dolomite are in zonal
development. From this position are understandable and the published by
Douglass (1992) variations of the Co content for the cobaltoan dolomites from
Zaire.

The presented zonality is a new important example supporting the published
attitude for the significance of the chemical zoning in crystals as an indicator for the
limitations on isomorphous miscibility in minerals(Min¢eva-Stefanova, 1986).

The necessity of high activity of Co*" in the supergeneous solution for the
crystallization of cobaltoan dolomite determines the significance of this mineral as a
typomorphic one for ore deposits with high content of Co.
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