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INTRODUCTION

Green garnets occasionally occur in concentrates of
diamondiferous kimberlite bodies in Yakutia (Udachnaya,
Aykhal, Mir, Dalnaya etc.), South Africa (Newlands,
Bultfontein, Kampfersdam etc.), Venezuela (Guaniamo
sills), and Canada (Mud Lake field).

Clarke and Carswell (1977) have offered four models of
formation of such garnets at great depths. 1). The green
garnets are part of a "normal", i.e. essentially undepleted,
mantle peridotite assemblage at great depths (probably
>350 km), and have been brought to the surface as
accidental xenocrysts in kimberlitic magma. 2). The green
garnets have formed as part of the refractory residuum
during a deep-level (probably >350 km) partial melting
event. 3). The green garnets are the products of fractional
crystallization of magma (not necessarily strictly
kimberlitic) produced by the partial melting of mantle
peridotite at depths > 250 km. 4). The green garnets have
been derived from disaggregated garnet wehrlite xenoliths
formed by subsolidus recrystallization of original spinel
wehrlite assemblages (abundant olivine + minor chrome
diopside and chrome spinel). It is supposed also (Schulze,
1986), that kimberlitic green garnets may have originated
through subduction and prograde metamorphism of
uvarovite-bearing crustal serpentinites.

All formation models of green garnets have been
developed based on the study of individual grains, as
xenoliths of rocks with green garnets were found in
kimberlites extremely rare (Kharkiv, 1978). Therefore,
studies of xenoliths of "peridotites" with green garnet from
Newlands dikes (South Africa), as well as mineral
intergrowths and individual grains of green garnets from
the new district - Nakyn field of Yakutia are of great
interest.

GREEN GARNETS FROM THE NEWLANDS DIKE
We found peridotite xenoliths with green garnet and
single grain green garnets in situ in kimberlites of the

Newlands dike.

Appearance and mineralogy

Xenoliths are irregular in form, 4.5*%1.9 cm and 1.0*0.5
cm in size, and have similar modal compositions:
gar(70)+ol(28)+sp(2) for sample NL-11 (Fig. 1) and
gar(50)+0l(30)+sp(20) for sample NL-21 (Fig. 2). Rock
texture is medium-crystalline (grains are 2-3 mm in size),
while structure is massive.

Fig. 1. “Wehrlite” xenoliths, sample NL-11.
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Fig. 2. “Wehrlite” xenoliths, sample NL-21.

We also identified a garnet macrocryst of 0.5%¥0.4 cm in
size with a pale green kelyphytic rim (sample NL-31, Fig.
3, top), and a intergrowth of 1.7%1.5 cm in size: a green
garnet + weathered olivine + small chrome spinel inclusion
(sample NL-41, Fig. 3, bottom).

Fig. 3. Top — garnet macrocryst with keliphytic rims, sample NL-31;
bottom — intergrowth: garnet + olivine + chrome spinel, sample NL-41.

Garnet composition in the studied samples (Table-1) is
quite constant and is characterized by the high Cr,O;
content (10.94-11.99%) at the reduced contents of TiO,
(0.24-0.52%) and FeOt (3.73-5.33%). The CaO content
(19.52-24.94%) is the most variable and is inversely related
to MgO (10.20-6.66%).

The chrome spinel composition is also constant and is
characterized by the high Cr,O; (53.45-55.36%) content
and the low TiO, (0.47-0.57%) content.

Olivine is high-Mg (Foys), but is characterized by the
elevated CaO content (0.09% and higher than that of
olivine from deep-seated peridotites) that is likely related to
a total high calcium content in the system.

Table-1. Chemical (wt. %) and oxygen isotope composition of green
garnets grains from Newlands dike.

Sample NL-11 NL-21 NL-31 |NL-41| NL-51
Minerale | Grt | Sp Ol |Grt | Sp | Grt | Kel | Grt Ol
SiO, 3847 - |40.85PB8.48 | - |38.85[35.33[ 38.85 -

TiO, 0.52 | 047 | 0.00 |0.48 | 0.57| 0.24|0.42| 045 -

ALO; 12.37|14.59| 0.02 |12.57 [13.24| 13.94]{12.09| 12.98 -

Cr,03 11.99(55.36| 0.03 [11.76 |53.45| 10.94| 6.27 | 11.88 -

FeO 3.73 | 14.75| 5.81|5.15 |18.98 4.90|7.71| 5.33 -

MnO 0.22 | 0.23 ] 0.08 |0.25 | 0.30| 0.29 | 0.12| 0.47 -

MgO 6.66 | 14.15(51.78]8.02 |13.10| 10.20|22.45| 9.49 -

CaO 2494 - 0.09 22.79 | - |19.52|2.38] 19.61 -
Na,O 0.03 - 0.05 {0.00 - 0.00 | 0.03| 0.00 -
K,0 - - - - - - 631 - -
NiO A N T3 R A R R ;

Total 98.93(99.55| 99.19099.50 {99.64| 98.88(93.11{ 99.06 -

Uvar,

% 3671 - - B5.92 33.23 33.23 -

18,
A0 1 40| - aotlaas | - | - | - | 405|511

/oo

GREEN GARNETS FROM THE NYURBINSKAYA
PIPE

In kimberlites and placers of the Nyurbinskaya pipe
(Nakyn field, Yakutia) there are 4 green garnet grains of
0.5-2.0 mm in size, including one intergrowth gar + sp.

All garnet grains from placer deposit are completely
non-rounded, with an irregular shape with jagged edges,
replaced by light brown cracks microlaminal aggregate of
secondary minerals (Fig. 4). These grains of garnet (3
grains, including one intergrowth gart+sp) are probably
microfragments of mantle xenoliths.

The garnet composition is ordinary and quite constant
(Table-2). However, most garnets are characterized by the
higher TiO, (1.46, 1.65, 1.75%) contents not noted before
for similar garnets. Only in one garnet from intergrowth

Extended Abstract 2




)
—/

10™ International Kimberlite Conference, Bangalore - 2012

with chrome spinel, the TiO, content is “normal” low
(0.35%) and analogous to garnets from the Newlands dike.
Composition of chrome spinel from this intergrowth is also
characterized by the reduced TiO, (0.35%) content and low
Cr,03 (36.71%) content.

Green garnets from Newlands dikes are characterized
with a similar "sine wave" type of REE distribution with
slight depletion in medium REE and significant enrichment
in light REE (Fig. 5 top). Only for the sample NL-41 one
can also note enrichment in the medium REE (from Gd to

Nd).

Garnets from Nyurbinskaya pipe have the similar "sine
wave" type of REE distribution that is observed only for
low-Ti garnets from the Cr-spinel intergrowth (sample
36/420-7). At the same time, high-Ti garnet can have a
"raised" type of REE distribution with enrichment in

medium and light REE.
1005
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] ] ——  NL-11
Fig. 4. Green garnet grains from Nyurbinskaya placer deposit. Right - 0.1+ —_—— ”tg}
intergrowth “garnet + chrome spinel” size 2 mm. ] —0— NL-41
1 cecdlesee 26/510-439
] 12/300-3
_ : i : ; cecdleese 24/340-6
Table 2. OChemlcal composition of green garnet grains from Nyurbinskaya 0.014 Ee e
pipe (wt. %). E field of Nyurbinskaya
1 pipe mantle xenoliths
Body Placers Kimberlites 0.001 -—,———
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Sample 36/420-7 24/340-6 | 12/300-3 | 26/510-439
Minerale Grt Sp Grt Grt Grt
SiO, 38.80 - 38.66 38.02 37.15 1003
TiO, 035 | 035 1.46 1.65 1.75 © ]
ALO; 14.68 | 29.90 12.58 11.33 9.96 § 105
S E
Cr,05 9.63 | 36.71 11.25 12.67 13.72 s ]
FeO 7.05 | 18.91 6.18 5.85 5.63 ° 44
MnO | 046 | 047 0.49 0.47 0.41 e 14
MgO 10.17 | 13.15 10.07 9.20 7.68 © 01 1
CaO | 18.06 | - 18.67 20.16 22.87 R
Na,O | 0.04 - 0.03 0.03 0.05 ]
Total | 99.24 | 99.49 | 9939 99.38 99.22 0.014
Uvar, % | 29.34 | - 33.64 38.37 42.50 ]
0.001 3
TRACE ELEMENTS 1

T 1 T T T 1 1 1171 1 T 171 1T 1T T T1

T
La Ce PrNd SmEuGd DyHo Y Er Yb ScGa Zr Ti V Co Ni

Trace-element analyses of garnet were made with LA-
ICP-MS at the Centre for Isotope Research, VSEGEI, St.-
Petersburg, Russia. Methods and operating conditions have
been described by Norman et al., 1996.

Fig. 5. REE (top) and trace element (bottom) patterns of green garnets in
the Newlands dike and Nyurbinskaya pipe and placer deposits (normalized
after McDonough and Sun, 1995)
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The diagram of general distribution of trace elements
shows (Fig. 5 bottom), that all green garnets are
characterized by an increased content of light REE and Sc.
High-Ti garnets are characterized by an increased content
of light and middle REE, as well as titanium, and a
particularly sharply increased content of Zr (!).

OXYGEN ISOTOPES OF THE MINERALS

We have determined an oxygen isotopic composition in

garnets and olivines of xenoliths of Newlands dikes.

Isotopic composition of oxygen in green garnets (5'°0 =
4.05-4.25 °/,,) differs drastically from the mantle values and
may testify to action of metasomatic processes on the
formation of these rocks (Table-1).

Olivine from the sample NL-11 is also characterized by
a "light" oxygen composition (80 = 4.91 °/,,), while the
olivine from normal garnet peridotite of Newlands dikes
has the oxygen isotopic composition (8'°0 = 5.11 °/,,) that
corresponds to the mantle values (5'%0 = 5.5+/-0.4 °/,,)
(Mattey et al., 1994)

16

- Peridotitic Garnets |/ |
Yakutian Pipes 'l

le]==—(Mattey et al., 1994)

L} = Garnet

! = Olivine

1 Olivine from
garnet peridotite

Number of Samples
o

30 4.0 _I] 6.0 i T.0 8.0
5%0smow ( %o )

Fig. 6. Oxygen isotope values for green garnets grains from Newlands
dike (diagram after Taylor et al., 2003).

RB-SR AND SM-ND ISOTOPES OF THE ROCKS

We have determined Rb-Sr and Sm-Nd isotopic
composition of the largest and practically unaltered sample
"wehrlites" (sample NL-11) of Newlands dikes (Table-3).

Judging by the relatively "young" model age of the
sample relative to the depleted mantle (1.78 billion years),
the age of formation of the "wehrlites" is also relatively
"young" — probable mezoproterozoic.

Table-3.  Sr-Nd-ilsotopic composition of “wehrlite” xenoliths from
Newlands dike

Sample NL-11
Rb, ppm 20.56
Sr, ppm 112.5
SRb/*Sr 0.5282
87Sr/%Sr 0.711689+/-6
Sm, ppm 1.797
Nd, ppm 9.408
YSm/'**Nd 0.1155
"Nd/'**Nd 0.511999+/-9
TwnaoDM, BA 1.784

TP PARAMETERS

TP-parameters of formation of green garnets were
performed for the composition of garnet: the temperature
was determined by thermometer Canil, 1999 (C99T), and
the pressure of the barometer Grutter, Latti & Menzies,
2006 (GLMOG6P).

As can be seen from Table-4, green garnets of
Newlands dikes and Nyurbinskaya pipe are characterized
by very close TP-paramenters of formation: 1019-1106°C
at 24.5-27.4 kbar and 990-1028°C at 25.3-28.1 Kkbar,
respectively. (Mean values are much closer: 1058 u 1010°C
,25.9 1 27.1 kbar). The obtained values of TP-parameters
are generally confirmed by using independent methods of
mineral paragenesis. The temperature of paragenesis
formation ol + gar (O'Neill & Wood, 1979 — NW79T) of
the sample NL-11 is about 1085°C, which is comparable to
1019°C. At the same time, for paragenesis ol + sp of the
same sample NL-11 the pressure is practically the same -
23.4 kbar (Finnerty & Boyd, 1978 — FB78P), but the
temperature (Ballhaus, Berry & Green, 1991 — BBG91T) is
far below - 805°C.

This can specify nonequilibrium character of the
ol+sp+gar paragenesis in the sample NL-11.

Points of garnet at the TP-diagram (Fig. 7) form
compact areas at moderate depths of the upper mantle (80-
90 km) and correspond to very hot geotherm (Nyurbinskaya
pipe and Newlands dike: 52 and 55 mW/m?).
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Table-4. TP-parameters of formation of green garnets

Para-genesis TC P, kbar
Grt GrtOl OlSp Grt Ol
Metods C99T | NW79T | BBGIIT GLTO6P FB78P
Sample
NL-11 1019 1084 805 24.5 23.4
NL-21 1037 253
NL-31 1070 26.2
NL-41 1106 27.4
26/510-439 1024 27.7
12/300-3 1028 28.1
24/340-6 1000 27.2
36/420-7 990 25.3
600 7?0 8?0 9?0 10100 1 1100 12100 13PO 14100 1500
° | T°C
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20
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Fig. 7. TP-diagram of formation of green garnets from Newlands dike and
Nyurbinskaya pipe and placer deposits.

CONCLUSIONS

Xenoliths of rocks with green garnets are characterized
by a very unstable modal composition: from essentially
garnet rocks to olivine rocks with single garnet inclusions
and to chromite rocks with a streaky texture (Kharkiv,
1978). There is practically no clinopyroxene.

Garnet grains in some samples (Fig. 1) are characterized
by irregular contours, but clear boundaries straightened, as
if it grew up in free space. One can note fine-grained
phlogopite-bearing vein-like buildups, as well as small
inclusions of olivine and chrome spinel in garnet.

With the generally close content of macroelements, the
Ti content in garnets of different samples may vary 7 time
reaching very high values (up to 1.75% of TiO,).

sz

A sharp increase of content of light REE, Sc and
especially Zr, is typical.

Isotopic composition of oxygen in green garnets (8'°0 =
4.05-4.25 °/,,) and olivine (80 = 4.91 °/,) differs
drastically from the mantle values.

We have determined a relatively “young”, probably
mezoproterozoic age of rock formation (TndDM = 1.78
billion years).

The rocks are characterized by nonequilibrium
paragenesis ol+sptgar and formation at moderate depths
(80-90 km) under conditions of high heat flow (52-55
mW/m?).

By these features, these rocks with green garnets are not
“wehrlites” and likely represent metasomatic rocks such as
uvarovite-chromite veins or schlierens at the moderate
depths of upper mantle — it is similar to uvarovite-chromite
veins of the metasomatic or a hydrothermal origin in the
crustal serpentinites.

ACKNOWLEDGEMENTS

Authors are grateful to the head of field excursion 7th
IKC “Small mines” John Gurney and Felix Kaminsky for
the given opportunity of sampling dike Newlands. Authors
are grateful for the rendered consultations on analytical
methods: Tlupin I.P., Bogomolov E.S., Kapitonov LN,
Antonov A.V., Tsepin A.l, Dubinina E.O., and also
Simakov S.K. - for use of the program "PTQuick" of the
TP-parameters calculations of minerals.

References

Clarke D.B. and Carswell D.A. (1977) Green garnets from the
Newlands kimberlite, Cape Province, South Africa. Earth and
Planetary Science Letters 34 . p. 30- 38.

Kharkiv A.D. (1978) A find of the ore wehrlite xenoliths in
“Zimnaya” kimberlite pipe (Verhne-Munsky diamondiferous
region, Yakutia) Dokl. Akad. Nauk SSSR. 252(3), 707-711 (in
Russian).

Mattey, D., Lowry, D., Macpherson, C. (1994). Oxygen isotope
composition of mantle peridotite. Earth Planet. Sci. Lett. 128,
231-241.

Norman, M.D., Pearson, N.J., Sharma, A.,Griffin, W.L. (1996).
Quantitative analysis of trace elements in geological materials
by laser ablation ICPMS: instrumental operating conditions
and calibration values of NIST glasses. Geostand. Newsl. 20,
247-261.

Schulze D.J. (1986) Green garnets from South Afrikan kimberlites
and their relationship to wehrlites and crustal uwarowites.
Proceeding 4™ IKC, Pert. V. 2 p. 820-826.

Taylor L.A., Spetsius Z.V., Wiesli R., Anand M., Promprated P.,
and Valley J.W. (2003) The origin of mantle peridotites:
crustal signatures from Yakutian kimberlites. 8" IKC.
Victoria. Exstented Abstracts.

Extended Abstract 5




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


