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secondary dolomite marble from a contact zone between magnesite
and diabase dyke from the Satka ore field. This feature is typical

of hydrothermal conditions with temperatures of more than

250°C. It depends on the exchange of Eu valence and the size of

the effective ionic radius (Bau, 1991). The same REE feature
is typical for magnesites from Ismakaevo SMD ( Fig. S5b),
suggesting a hydrothermal origin of this deposit.
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Fig. 5 Plots of REE distributions in the Urals province

magnesites and country rocks of dolomites;

a: SMD of the first group: Satka ore field: Sa4 D host dolomite; PA1D
recrystallized secondary dolomite in the contact of magnesite and
diabase dyke; 460-2 middle crystalline magnesite; 460-1-1 giant
crystalline magnesite; Bakal ore field: A-2 D host dolomite; IrkMag97
coarse-grained magnesite; b: SMD of the second group: Ismakaevo
deposit: SurD - host dolomite of Suran fm. ; Im-2 sparry magnesites ;
sparry magnesits Middle KI-5

magnesites, Katav-Ivanovsk deposit; EG 326 - sparry magnesite,

and dolomites of the Riphean ;

Egorova Polyana deposit; S-512 - sparry magnesite, Semibratskoe
deposit; KI-13 host dolomites, Katav-Ivanovsk deposit

Table 1 Average chemical composition of sparry magnesites from Urals Riphean deposits
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Y/Ho ratio as genetic indicator of sparry magnesites in south Urals, Russia

Krupenin MT
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Magnesites of the second group have a low degree of
fractionation and differences in REE distributions between
magnesites and country rocks of dolomites (Fig.5b). Possibly it
is due to the absence of recrystallization in the Middle Riphean
SMD. It is proposed that recrystallization of the Lower Riphean
SMD depends on secondary heating and fluid migration. The
reason for this process can be the Mashak riftogenic event at the

beginning of the Middle Riphean time.

4 Y/Ho distributions in magnesite deposits

Y/Ho is a characteristic feature of carbonate genesis.
Primary Y/Ho ratio for magmatic carbonates varies in the range
of 24 ~ 34 and shows charge-and-radius-controlled ( CHARAC)
trace element behavior in geochemical system, or chondritic ratio
(Bau, 1996). It is characteristic of a twin pair of coherent
elements with similar charge and ionic radius, such as Y and
Ho, Zr and Hf.

concentration, which it is possible to check up in carbonate

. The first pair of elements possesses a
rocks.
distinguished from the CHARAC behavior in silicate melts.

Marine carbonates precipitate in the geochemical system with

In aqueous solution the behavior of elements is

complexing ligands and have Y/Ho varying from 35 to 60. It is a
little bit less than that for the seawater ( Y/Ho from 40 to 70).
Hydrothermal carbonates have Y/Ho ratio smaller than those of
the rocks from which Y and Ho have been mobilized ( Bau,
1996). For hydrothermal carbonate the decrease of Y/Ho ratio is

progressive with the increase of migration distance.
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Fig. 6 Distributions of Y vs Y/Ho for magnesites from

Southern Urals province.

1-Satka ore field; 2-Bakal ore field; 3-Elnichnoe deposit of Satka
ore field; 4-Salda Goulu alkaline (soda) lake, Turkish (sample of
Dr. Ellmies ) ; 5-Kyzyltash; 6-Katav-Ivanovsk; 7-Ismakaevo; 8-

Egorova Polyana.
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Distribution of Y/Ho ratio vs. Y for different magnesite
deposits of the Southern Urals province shows that dots of single
ore fields or deposits occur in local areas (Fig.6). It can be a
result of specific genetic peculiarities of magnesite forming in a
single ore field. Magnesites of Satka and Bakal ore fields and
Kyzyltash deposit of the Lower Riphean sequence are located in
the range of 40 ~ 65 Y/Ho ratio, corresponding to marine
carbonate, however, magnesites of Katav-Ivanovsk (the Middle
Riphean sequence) and Ismakaevo (the Lower Riphean) belong
to hydrothermal carbonate area (all data applied is shown in
Table 3).

o Satka

o Bakal

A Elnichnoe
a Salda Lake
(Turkey)

o Kyzyltash

© Katav
= Ismakaevo

Fig.7  Distribution of Fe, O; vs Y/Ho for magnesites from

Southern Urals province. The same captions as in Fig. 6.

It was obtained regularity in distribution of Y/Ho versus Fe,
O, total content for magnesite deposits of the Southern Urals
province (Fig.7). There are close areas of points in different ore
fields, which allow the distinguishing of different objects.
Magnesites of large layer-like deposits of the first group ( Satka,
Bakal, Kyzyltash) show a low content of Fe,O; and high values
of Y/Ho ratio, similar to marine carbonates. Only magnesites
from Bakal Fm. have a higher content of Fe,O,, but it can be
influenced by secondary sideritization in this ore, as in the same
stratigraphic unit there is the Bakal siderite ore field. Our
investigations allow getting the evidence of secondary nature of
siderite according to magnesite. Previous investigation of
magnesites in the frame of the whole Bakal ore field demonstrated
varying Fe, O, content from 0.44% to 5.39 % in dependence on
proximity of siderite ore. Other magnesite ore fields, which
belong to the second group, have a high content of Fe, 0, and a
low Y/Ho ratio typical of hydrothermal carbonates. This
regularity is emphasized by the location of dots for the Ismakaevo
deposit. Magnesites with positive Eu anomaly were obtained just
for this deposit. According to geochemical property of Eu to have

transition of Eu’* in Eu** with the temperature above 25°C ( Bau,
1991) this feature demonstrates a relatively high temperature of

magnesite formation in the Ismakaevo deposit. A geological
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Table 3 Contents of Y, Ho and Fe, O, in magnesite of
Southern Urals province

Sample X Ho Y/Ho Fe, 04

Katav-Ivanovsk :

KIS 0.853 0.024 35.057 3.960
KI-10 0.710 0.019 36.890 3.920
ki-15 0.553 0.018 30.983 2.170
KI-16 1.462 0.052 28.208 2.680
KI-LAR-1 1.297 0.038 34.281 1.150
KT-324 1.471 0.045 32523 2.340
EG-326 10. 158 0.247 41.149 1.960
Salda Lake
Gl 0.245 0. 005 49.097 0.180
Kyzyltash ;
KY-28-1 9.688 0.224 43.217 1. 660
KY-28-2 7335 0.161 45.461 2.170
KY-28-3 7.124 0.163 43.608 2.130
KY-284 8.519 0.189 45.034 1.990
KY-28-5 10.992 0.241 45.679 1.860
KY-28-6 7.036 0. 166 42.284 2.400
KY-1V-36Mg 7.687 0.182 42.224 1.700
KY-IV-36Dm 5.062 0.124 40.907 1.760
KY-123m 9.174 0.225 40.751 1.910
Satka ;
PA 4 4.660 0.083 56.265 0.290
SAS 7.060 0. 144 48.918 0.450
Kar94 Mag 8.487 0.168 50.399
458-2 6.221 0.129 48.117 0.540
4584 3.833 0.077 49. 684 0.780
458-7 8.348 0.165 50.585
459-1 3.928 0.084 46.817
4592 9.084 0.182 49.897 1.570
459-3 5.969 0.122 49.098 1.000
460-1 5.372 0.112 48.037
460-1-1 6.427 0.122 52.669 0.710
460-2 6.417 0.125 51.267 0.950
461-3 6.650 0.127 52.500 0.860
260-0-1 8.455 0.173 48.816 1.020
KIM 6.677 0.127 52.700 0.940
K4aMm 6.268 0.125 50.007 0.640
K5M 6.072 0.128 47.583 0. 660
K8M 6.522 0.113 57.662 0. 660

813
Sample Y Ho Y/Ho Fe, 04
K9M 7.048 0.131 53.857 0.610
K10M 6. 151 0.109 56.653 0.700
K11M 8.813 0.159 55.399 0.540
Elnichnoe :
EL2 4.766 0.092 51.543 1.420
EL11 3.588 0.067 53.619 1.250
EL 12a 4.998 0.108 46.450 0.940
EL 13b 4.563 0.082 55.582 2.300
Bakal ;
IR75-M 5.497 0.084 65.203 3.210
Gaev94 7.690 0.134 57.388
IrkMag97 7.930 0.140 56.643
Irk94MS 5.709 0.097 58.747
386k 5.709 0.097 58.747 5.340
BMz-D 0.477 0.010 49.445
BMz 0.546 0.010 52.443 3.040
MgCK 5.624 0.098 57172 4.450
Ismakaevo ;
Im 1 2.689 0.088 30::727 4.180
Im 2 1.718 0.052 32.907 3.760
Im3 3.443 0.119 28.904 4.120
Eugui, Spain, Average of 25 samples ( Lugli et al. , 2000) :
EugDol 8.728 0.248 35.235 1.012
EugMgz 5.984 0.186 32.139 1.017

Average values for country rocks of ore deposits ( quantity of samples)

Satka deposit ;
Dolomites(19)
Elnichnoe ;
Dolomites (3)
Bakal .
Limestones (5)
Dolomites (30)
Siderites (23 )

Ankerite vein
Ismakaevo ;

Dolomite (2)

Katav-Ivanovsk ;

Dolomites (15)

9.095

9.801

1.784

6.970

6.753
20.013

6.358

1.598

Upper Riphean sequence

Limestones (2)

2.036

0.

°c oo o

182

194

032
. 186
208
600

.194

.048

. 046

50.

50.

56.
37
32.
33.

31,

33.

44,

043

561

467
456
405
346

905

361

709
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position of this deposit on the border of the Middle Riphean
Mashak rift graben with a contrast basalt-rhyolite magmatic
complex does not contradict to such conclusion.

In Figure 8, we demonstrated relations between average
values of Y/Ho ratio in magnesites and host rocks in the same
ore fields. There is regularity that magnesites have a similar Y/
Ho ratio in comparison with country rocks of dolomites, but a
little bit less Y contents. Chemical property of Y and a
metasomatic process of magnesite formation can explain it.
During the last process in accordance with the principle of

LREE

magnesite in comparison with dolomite (Bau & Moeller, 1993).

mineralogical control, subtraction predominates in
In this process Y has properties similar to lanthanides, but its
effective radius has a value of 1.02 in comparison with 1.015 of
Ho. Because of the effective radius of Y somewhat larger than
Ho, its chemical property is close to LREE and explains its

predominating extraction from the system.
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Fig.8 Distributions Y vs Y/Ho for magnesites and country

rocks.

1-magnesites; 2-dolomites; 3-limestones; 4-siderites. Ba Bakal ore
field; Balr - Bakal ore field, Irkuskan quarry; BaNB - Bakal ore
field, Novobakal quarry; Sa - Satka ore field; El - Elnichnoe; Ki -
Katav-Ivanovsk; Im - Ismakaevo; Ky - Kyzyltash; Eg - Egorova
Polyana; Gu - Salda Goulu; Eu Eugui ( Spain)

It is seen in Figure 8 that host limestones or dolostones for
associated magnesites and siderites of the Bakal ore field occur
relatively at the right side of the plot, but in the adjacent area. It
can be explained by some resemblance of diagenetic
environments for country rocks and magnesite ores on the one
hand (in case of high values of Y/Ho ratio), and the influence
of hydrothermal process on the other hand (in case of lower
values of Y/Ho ratio). So we can state that Satka and Bakal
magnesite ore fields are connected with a diagenetic process,
whereas the Bakal siderite ore field displays a hydrothermal

feature. This conclusion is also true for Katav-Ivanovsk and

%% FR 2004, 20(4)
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Ismakaevo magnesite deposits. In this case not only magnesites,
but also country rocks are also subjected by secondary alteration.

Chemostratigraphic investigation in the Riphean place region
confirms this conclusion. In the Lower Riphean sequence
limestones of the Bakal formation with a primary *St/* Sr
isotopic ratio (0. 7046), typical of the Lower Riphean were
found, that made it possible to estimate Pb-Pb age of Bakal
limestones. formation (1430 =30 Ma, Kuznetsov et al. , 2003 ).
The same work is in progress for the Satka formation. It means
that in the Bakal-Satka region country rocks preserve their
primary features and are not altered by a hydrothermal process.
Just within the limits of Bakal siderite ore deposits were found
fulfilling

envelopes around siderite bodies. For these dolomites, B S5k

dolomitised limestones and metasomatic dolomites,

isotopic ratio increases up to 0.7292. ¥ St/*Sr ratios of siderites
vary from 0. 7226 in lateral to 0.7391 in central parts of siderite
bodies. These samples were also used to obtain a Pb-Pb age of
metasomatic siderite ( Kuznetsov et al. , 2000). We associate
the origin of ferruginous siderite-forming fluids with dewatering of
thick clayey units of Lower Riphean, buried in the lower part of
paleohydrogeological basin ( Krupenin, 1995, 1999; Kuznetsov
et al., 2000). A high value of radiogenic strontium can be
inherited from a high content of hydromica in Lower Riphean
slates. Chemostratigraphic study revealed that sedimentary rocks
with primary geochemical features were absent in all investigated
carbonate sections of the Middle Riphean. It reveals intensive
epigenetic alterations of the Middle Riphean sequence in the
researched sections. For the comparison in Figure 8 are shown
and 25

magnesites) for hydrothermal-metasomatic magnesite deposit in

average values ( calculated from 25 dolomites
Eugui, Western Pyrenees, Spain ( Lugli et al., 2000). It
reveals the same relations between magnesites and host rocks of
dolomites and the regularity of position in the area of

hydrothermal carbonates.

5 Conclusions

In conclusion, we suggest that the use of Y/Ho ratio with a
complex of geological and geochemical features allows us to
distinguish different origin of sparry magnesite deposits from the
Southern Urals province. Satka and Bakal ore fields, containing
SMD with layer-like ore bodies in the dolostone horizons and high
Y/Ho ratio belong to early diagenetic stage of development of the
rock-forming basin. This data is in agreement with a new
evidence of evaporating origin of Mg-bearing solutions for
metasomatic Satka-Bakal
( Prochaska et al., 2003). On the other hand, Ismakaevo,
Katav-Ivanovsk, and probably other Middle Riphean SMD with

lens-like ore bodies in dolomitised limestone units and increasing

process, including the region
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hydrothermal

(kathagenetic) processes of fluid migration. Low values of Y/Ho

FeO contents in magnesites relate to
ratio can indicate to a long distance of fluid migration in the
paleohydrogeological basin. Our investigations reveal that Y/Ho
ratio can help to determine a relative time and kind of

metasomatic processes.
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