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1. Abstract
Within this work, eight rock samples from Kazakhstan were examined. The stones are from the Kenterlaus massif
at the northern end of Lake Balkhash in Kazakhstan, with specimens 104276, 104277 and 104516 from George
Harlow (American Museum of Natural History, New York) and samples 65467A to 65467E from Nikolai
Kouznetsov (Jade Resources Limited, Hong Kong). The aim of this work was to carry out a detailed petrographic,
geochemical and petrological study of these rocks and to create a type classification.
All samples were analysed under the microscope to distinguish Jadeites, Omphacite Jadeites, PhlogopiteOmphacite Jadeites, Phlogopite Analcime Jadeites, and Cosmochlore-Analcime-albite-Omphacite Jadeites. Due to
the strong inhomogeneity of the samples, however, the transitions between the different types of rocks are fluid.
Selected sections were analysed during the investigations on the Raman probe, the ED-XRF device and on the
microprobe. It turned out that all the samples were the more valuable Jadeite jade (pyroxene) and not Nephrite
jade (amphibole). The eight samples from Kazakhstan are made up mainly of Omphacite, Jadeite, Cr-Omphacite
and Cr-Jadeite. Furthermore, Albite, Analcime and Phlogopite often appear. In section 104277 you will also find
Cosmochlore and Chromite. Cosmochlore aggregates are also present in samples 104276 and 104516.
Raman and microprobe studies on samples 104276 and 104277 showed that the Cosmochlore aggregates were
highly inhomogeneous and covered a large area in the pyrolytic triangle of Cosmochlore-Jadeite + aegirine
quadrilateral pyroxene. The aggregate samples of sample 104277 which had formed around chromite are more
homogeneous than the aggregates in sample 104276 located between a green band consisting of Cr-rich Jadeite
and Omphacite and a white, decussate Area made of Cr-poor Jadeite. The other minerals, such as Jadeite,
Omphacite, Cr-Jadeite and Cr-Omphacite are extremely inhomogeneous and cover a large span in the mixed
series Jadeite + aegirine and quadrilateral. Remarkable are the high Mg, Ca and Cr contents in the vicinity of shear
bands, which proves a syntectonic metasomatosis.
Not only the microprobe analyses showed that Jadeite rocks are inhomogeneous bodies. X-ray measurements on
the ED-XRF also show that the chemical differences can be clearly seen in part. In each of the three samples of
George Harlow, Cr-rich green and Cr-poor white areas were measured, with a marked difference in the chemical
composition of the two sites.
In summary, the investigations underline the thesis on the Jadeite genesis by fluid flows. In many samples it
becomes clear that in a first, pre-tectonic phase, unregulated, discussed areas predominantly consist of Jadeite.
During a subsequent syn-tectonic phase, there was a clear metasomatosis, in which mainly Cr but also Ca were
supplied. In particular, this led to the formation of Cr-Jadeite and Cr-Omphacite as well as the growth of
Cosmochlore. Cosmochlore, however, also forms where relics of chromite are present in the rock.

2. Introduction
In my third semester at the University of Basel, I took an introductory course in thin-section microscopy. Already
in the first hour I was fascinated by the fact that you can determine a mineral quite accurately on the basis of
optical properties. From that moment on I knew that my bachelor thesis should be based on thin-section
microscopy. I asked Professor Dr. Leander Franz, whether there was a topic in the mentioned direction and
fortunately that was the case. Dr. Michael Krzemnicki was provided some Jade from Kazakhstan, which were to be
examined for their chemistry and history. In cooperation with the SSEF (Swiss Foundation for Gemstone Research)
and the Mineralogical and Petrographic Institute of the University of Basel, the rock form, the structure and the
formation of the Jadeite-jade from Kazakhstan will be examined more closely and explained and supplemented
with scientific work.
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First, there will be a literature review dealing with jade in general. The origin, the deposits and the composition of
Jadeite-Jade are explained in more detail. This is followed by a brief introduction to the geology of Kazakhstan.
The second large part is followed by the results of thin-section microscopy, Raman spectrometry, microprobe
measurements and ED-XRF analyses. Finally, the whole results are discussed and compared with the literature.

3. Geological background
3.1. Jade
From ancient traditions one learns that Jade already had a great value to the Aztecs and Mayas. It was used in
addition to jewellery as a remedy, because many Meso-Americans attributed the jade a healing value. The colour
"green" was very important because both corn and forest, as well as beautiful, rare things were green. Therefore,
green was considered a sacred colour and everything that was green had a high value.

Fig. 1: Ornament made of jade.
Even in China, Jade was a gemstone of high value which often served as a status symbol. In today's excavations
many gems were found in ancient tombs. However, in most cases it is the cheaper Nephrite jade and not Jadeite
jade. The difference between the two rocks is explained in more detail below. In the mid-18th century, Jade was
first imported from Burma when Chinese in search of jade travelled to Burma. This trip was an adventurous
undertaking, and many had to give their lives as they got sick on the way, were ambushed by locals or plummeted
over cliffs on the dangerous return journey. It took a long time for Burmese jade to take on the status of a
valuable and recognized gem. The ruling dynasty in Burma at that time placed little value on the development of
the mining industry. The modern history of Jadeite mining in Burma began in the 19th century, around the same
time as the Burmese jade became known in China. The beginning was coupled with the discovery of the Taw Maw
Mine. In addition to this mine, there were other jade deposits, but much smaller and less significant. The mining
phase was interrupted by the Second World War and the occupation of Burma by the Japanese. In the post-war
period, the operation was resumed. As before, all products were exported to China (Howard 2001).
3.1.1. Jadeite Jade
Jadeite jade is used when at least 90% by volume of the pyroxene Jadeite is found in the rock. The composition in
Jadeite is between Jd100 and Jd80 with Aeg1-10 and Omphacite as a separate phase. This is found in most cases
as mixed phases. Pure Jadeite is white. If the rock is transparent and translucent, it is called "water jade". The rich
green, emerald-like colour is produced by Cr3 +, which absorbs the red and blue light, creating a green colour. The
green colour can also be generated by Fe3 +, which also absorbs blue light. However, the absorption peak is much
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wider, resulting in a dull, muted colour (leek green). In general, Mn2 + leads to pink, Cr3 + to dark green, Fe2 + to
light green, and Fe3 + to reddish brown. Many other colours can be generated by inclusions, impurities and grain
boundary discolouration (Harlow 2007).
Texture and mineralogy:
The mineral Jadeite is one of the chain silicates, the so-called pyroxenes. The chemical composition includes the
elements Na, Al, Si, and O. The ideal pyroxene formula is M1M2T2O6, where M1 is Na and M2 = Al in pure
Jadeite. Jadeite is rarely found in pure form, but as part of a complete mixed series and is therefore often present
as microcrystal. The other minerals of the mixed series are diopside (CaMgSi2O6), Cosmochlore (NaCrSi2O6),
Hedenbergite (CaFe2 + Si2O6) and aegirine (NaFe3 + Si2O6). Jadeite's crystal system is monoclinic, so the mineral
belongs to the clinopyroxenes. The crystals are often fine-grained, fibrous and intergrown. Fractures do not occur
along grain boundaries but along intergranular cleavage surfaces. On the hardness scale, the mineral is between
feldspar and quartz (6.5-7), so it is not extremely hard. However, since the individual minerals are intertwined,
jade is a durable material and is often used as jewellery or for sculptures (Howard 2001).
Minerals that commonly coexist with Jadeite include Omphacite, Na-amphiboles, Na-Actinolites, and mica. Albite
occurrences are a known companion of Jadeite occurrences. Either as a border zone between Jadeite and l or as a
reaction structure, whereby Jadeite was replaced by albite. Quartz is not found in albite in relation to relict
Jadeite, which strongly suggests its origin outside the field of stability of quartz and Jadeite (Harlow 2007).
Origin:
In the debate about the creation of Jadeite-Jade, two different theories are found in the literature.
On the one hand, Bleeck (1908) and Chhibber (1934) speak of Jadeite occurrences in serpentinite blocks. In it are
tunnels of albite granite, which are which are strongly metamorphosed and extremely metasomatically
overprinted. As a result of the metasomatic processes, the Na2O content increased and the SiO2 content
decreased. From this the Jadeite deposits developed. Most of the Jadeite-jade deposits are said to have the same
mechanisms, but in the case of Kazakhstan other protoliths are suspected (Harlow 2007). It is still not clear to
what extent the mass balance can be compensated and how many components have to be counted or counted
out so that Jadeite can emerge.
Harlow & Sorensen (2006) dealt in detail with the genesis of Jadeite-Jade. They applied a new method known as
"cathodo-luminescence" (CL for short) and found zonation of the crystals in which two different fluid inclusions
were found. These observations support the interpretation of direct crystallization from an aqueous fluid.
Although many Jadeite occurrences provide evidence for multiple deformation processes, recrystallization, and
deposition processes, the final episode of formation is due to fluid flows in corridors and fractures. Because low
silicate activity must be ensured in order for quartz-free Jadeite jade to form, there must be a buffer in the
environment that removes the silicon from the fluid.
Nowadays, it seems logical to most that the formation of Jadeite jade by crystallization from fluids applies to most
if not all occurrences (Harlow 2007).
Fluids and their sources:
It has been suggested that aqueous solutions that cause Jadeite crystallization are derived from various sources of
the subduction system (Harlow 2007). An important source must be the devolatilization within the "slab" at
depth, where the transition from blue throat to eclogite facies takes place. Another important component is the
de-hydration of hydrous minerals in the subducted plate. It is possible that such fluids, when intruded into a
5

depleted shell, may form Jadeite. These dehydration reactions of the basaltic component of the slab produce NaAl-Si-rich fluids, which may possibly form Jadeite. This is then done at P-T conditions below the Jade + Qtz = Ab
reaction, but only under the assumption that the SiO2 activity is so small that no albite can crystallize (Harlow
2007).
Analyses by Simons et al. (2006) show high lithium concentrations in the Jadeite rocks. The lithium in these rocks
is isotopically light. The only source of iso-topically light Li are the sediments. This therefore indicates a
sedimentary component in the fluids which form Jadeite.
The exact composition of the fluids responsible for the formation of the pyroxenes would need to be further
investigated by further fluid inclusion studies. However, there are indications of C-containing fluids through the
finest graphite inclusions in the pure Jadeite, which are either due to oxidation or reduction from the fluid
(Harlow 2007).
Jadeite jade grows in several stages, with a constant opening of fractures constantly creating space for
crystallization of further generations of Jadeite. Crystallization occurs from the outside in, with the youngest
Jadeite generation at the core (Harlow 2007).
The secondary rock serpentinite:
Most of Jadeite-Jade's primary deposits are surrounded by serpentinite bodies, which are mainly composed of
antigorite. These serpentinites are products of hydration of ultramafic rocks by Jadeite-forming fluids at elevated
temperatures. This transformation represents the first phase of the high-pressure / low-temperature history of
the Jadeite-derived serpentinite blocks. The fact that the ultramafic rocks for fluids and Si-rich waters act as a
sponge during serpentinization results in that no more free flow Quartz can be formed. After a certain degree of
serpentinization, Ca and Cr rich fluids penetrate into the Jadeite bodies and lead to an accumulation of calcium
and Cr-rich minerals (Harlow 2007).
3.1.2. Nephrite jade
Nephrite is a rock that is more than 95% amphibole of the tremolite actinolite series. It is described as a massive,
microcrystal to cryptocrystalline rock and is much more abundant than Jadeite and therefore less valuable.
Nephrite jade is used primarily for sculptures and pendants rather than gemstones. These occur almost across all
continents. The largest deposits are found in Canada, Brazil, Asia, Russia and some European countries. Nephrite
is produced either by contact or by infiltration metasomatosis:
1) Replacement of dolomite by Si-rich fluids associated with granitic plutonism
or
2) Replacement of serpentinite by Ca-metasomatosis in contact zones with Si-rich secondary rocks such as
leucocrates, magmatic rocks, greywackes or Chert (Harlow 2007).
3.2. Deposits
The world-wide occurrence of Jadeite-Jade is quite limited. The main camps are in Burma, Guatemala, Japan and
Kazakhstan. Jadeite is found only in metamorphic rocks, which were characterized by high pressures and low
temperature. Such rocks are mostly generated near subduction or leaf displacement zones.
3.2.1. Burma
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Most of today's Jadeite deposits come from northern Burma. The area is characterized by a large-scale,
fragmented outcrop composed of several serpentinite peridotite bodies. These bodies are surrounded by
Schiefern and Plutonic rocks. Jadeite jade was formed by crystallization from aqueous fluids resulting from
dehydration reactions of the minerals of the subducted Indian plate. All this happened under relatively high
pressures and low temperatures. Fluids formed under these conditions are saturated with sodium
aluminosilicates. Crystallization of these fluids in ducts produced Jadeite and Albite (at higher pressures this is
Jadeite, at lower pressures Albite). The main mine is in Taw Maw, about 120 km northwest of Mogaung. Taw
Maw is the source of many different varieties with different colours. Most of these Jadeite deposits come from
secondary deposits, the so-called "Uru Boulder Conglomerate" (Howard 2001).
3.2.2. Guatemala
The most important Jadeite deposit in Central America is the "Motagua River Valley" in Guatemala. In the main
valley and in the side valleys one finds Jadeite either in rock fragments of Serpentinite or as independent Gerölle.
Harlow (1994) describes the advent of Jadeite in this region with the contact between the North American and
the Caribbean plate. Other occurrences can also be found on Costa Rica. However, they are not sure whether the
deposits are natural or whether the Jadeite rocks were brought there by the Mayas or the Aztecs (Howard 2001).
3.2.3. Japan
After excavations in tombs, objects and ornaments from Jadeite-Jade were found. Previously, the scientists
suspected that these objects were imported from China.
Later, however, it was found out that Japan itself is the source of these objects. The first campsite was discovered
in the Kotaki district of Nigita. The Jadeite was found in a thin gait and it was of low quality. Jadeite in Japan can
often be found as Jadeite gangs or as Jadeite-albite veins. White is the best-known colour of Jadeite minerals in
Japan, violet and blue varieties are also found, less common is green jade. Even though the jade from Japan is of
low quality, local stone cutters began to grind the jade and sell it as a cabochon (round cut, without facets) for
rings and pendants (Howard 2001).
3.2.4. Russia and Kazakhstan
The literature contains three documented Jadeite deposits in Russia and Kazakhstan.
In the ultramafic rocks of the Pay Yer massif in the "Polar Urals", Russia
In the ophiolite belts of West Sayan (Khakassia, Russia)
And at Itmurundy, near Lake Balkhash, Kazakhstan
In Kazakhstan between the blocks of the ultramafic "Kenterlaus Massif" drop-shaped body of Jadeite. The
occurrence hosts three varieties of Jadeite:
- white to greyish
- dark grey
- light green to dark green (Harlow 2007)
Jadeite was first discovered in Itmurundy in the early 1970s, when the area was still part of the Soviet Union.
Somewhat later, additional rocks were discovered in the "Polar Ural Mountains", which contained Jadeite. Around
1990, it was found that this Jadeite jade was of similar value to Burma's and began to worry about mining. In this
region (Polar Urals) one finds about 88 outcrops, which occur in corridors within a serpentine matrix. In 1992,
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another Jadeite deposit was found in Khakassia near the border with Mongolia. The quality was not so high
quality, but it was still worthwhile to reduce the occurrence. Today, most deposits in Kazakhstan are exhausted
and provide only low-quality Jadeite jade (Howard 2001).
3.3. Exploration
3.3.1. Dike mining
This is a primary deposit that removes a newly discovered jade aisle. Earlier, the miners set fire to the corridor
and then poured water over the hot stone to extract it from the mother rock. Today, machines are used that
loosen up the neighbouring rocks and thus expose the corridor. Then you blow up the Jadeite from the remaining
rocks. Jade mostly occurs only in corridors and not in thick layers (Howard 2001).
3.3.2. Boulder and Gravel Mining
Other important deposits are secondary Jadeite deposits. The original jade was dissolved away from the host rock
by physical and chemical weathering and transported further by fluvial processes. There, they form
conglomerates with other stone fragments, which is why it is more difficult to obtain the Jadeite fragments in the
mass and dismantle. They must first be discovered and then worked out of the conglomerate (Howard 2001).
3.4. Geology of Jadeite Occurrences of Russia and Kazakhstan
Jadeite and albite rocks in most cases form a chain of lenticular bodies in ultrabasics (dunite, > 90% by weight
olivine), olivine-resinburgites (olivine + orthopyroxene), wehrlite (olivine + clinopyroxene) and serpentinite) and
represent metastatic meta gabbro rocks. These rocks are formed at high pressures and a large supply of Na-rich
fluids. Jadeite rocks from the "Polar Ural Mountains" (Russia) were formed at temperatures of up to 700 ° C and
pressures up to 14 kbar. The Jadeite rocks in the Pre-Balkhash region (Kazakhstan) show slightly lower P-T
conditions. The temperatures amounted to a maximum of 600 ° C and the pressures at most 12 kbar. The high
pressures were caused by the high tension in the deep fracture zones of this region. The work of Dobretsov et al.
(2009) is often referred to as bi-metasomatosis, which was responsible for the formation of Jadeite rocks. These
are two fluid phases with different composition, which penetrated the neighbouring rock at different times and
generated Jadeite jade (Dobretsov 2009).
3.4.1. Jadeite rocks from Pre- Balkhash
The Jadeite deposits are found in the Kenterlau massif, which is located on the northern shore of Lake Balkhash.
The Kenterlau massif and the neighbouring Itmurundy massif represent a single layer intrusion which has been
folded and incorporated into the adjacent rock (Dobretsov 2009).
The Kenterlau massif can be divided into four rock groups:
Inclusions ("Xenolites") of surrounding rock (Ultrabasite, see Section 3.4.)
Gabbro’s (independent, late intrusion)
Small bodies of leucocratic composition
Metasomatic bodies, including Jadeite
In the corridors and veins of the Jadeite rocks you will find three generations of Jadeite minerals:
- White
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- Dark grey
- Green to dark green
Coarse grained veins of Analcime fill the gaps and cracks of the Jadeite rocks.
Almost all Jadeite bodies are in direct contact with the serpentinite rocks and show no hem or transitional rocks.
Therefore, after serpentinization, the Jadeite rocks could not have been formed by desilication of albites
(Dobretsov 2009).

Fig. 2: Sequence of rock units in Pre-Balkhash region according to Dobretsov (2009).
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4. Material and Methods

4.1. Samples from Kazakhstan
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4.2. Methodology
After the ten Jadeite-Jade samples were delivered from Kazakhstan, one or two thin section specimens were
made from each piece of rock. With the help of these cuts a complex description of the minerals, the structure
and the texture was given. Thin-section photographs taken with a camera on the microscope served as support
for the description. For the petrographic description of the thin sections, a polarizing microscope (type: Leica
DM750P) was used. After the thin-section description, Raman spectra were measured for more accurate
determination. The measurements were carried out with an OPUS Senterra Raman probe with a measuring
duration of 10 * 1s at an aperture of 25 um, a laser wavelength of 532nm and a power of 20 mW.
The mineral chemistry was analysed on a JEOL JXA 8600 electron beam microprobe in Basel with an operating
voltage of 15kV and a beam current of 22.45 nA, the mineral chemistry. The measurements lasted 30 seconds
each and were analysed with a Thermo Fisher Ultra Dry EDA detector. For analysis, filters with sizes between 2x 2
and 4x4 μm were defined. The fields were set in areas that were as homogeneous as possible in order to obtain
the most accurate measurement data possible. All measurements were performed standard-free and based on
thin section samples.
Furthermore, analyses were carried out on a JEOL JXA 8230 microprobe with five spectrometers at the GFZ
Potsdam, the voltage being 15 kV, the beam current 20 nA and the measuring time per element 30 s at a spot
diameter of 3um. Natural and synthetic standards were used in the measurement and the PRZ program was used
for correction. The mineral formulas were reduced to four cations (Cpx) resp. Normalized six oxygen atoms. Fe3 +
estimates were according to Ryburn (1976) resp. Schumacher (see Appendix to Leake et al., 1997). Jadeite,
aegirine and quadrilateral clinopyroxene were calculated according to Morimoto et al. (1988). Further, an English
calculation of Cosmochlore, Jadeite + aegirine and quadrilateral clino-pyroxene was performed. With the help of
the tri-plot program, the data was entered in the triangle and could then be graphed via Corel Draw.
All eight rock samples were also analysed using the Thermo Scientific ARL QuantX ED XRF device. The device is
based on X-rays with maximum power of 50 W. The applied voltage is between 4 and 50 kV and the beam has a
force of 0.02-1.98 mA and can vary between 1 mm and 8.8 mm thickness. The results show a rough overview of
the rock chemistry. Thus, the rock samples were examined from a large (ED-XRF) to a small (microprobe) scale
and therefore both macroscopic and microscopic viewing and interpretation can be given.

5. Results
5.1. Thin section microscopy
5.1.1. Jadeite (sample 65467A)
Structure:
The handpiece shows an inhomogeneous mineral distribution. White and green areas are visible, with green areas
predominating.
In the thin section, the green areas are fine-grained (Fig. 4a), whereas the white areas are medium-grained (Fig.
4b). Under the microscope, the middle-grained, colourless Jadeite shows a decussate structure with arbitrarily
grown, short-prismatic crystals. Fig. 4c shows these discussate areas, which are arranged in sheaves and
surrounded by Cr Jadeite. An adjustment of pale green Cr-Jadeite minerals in north-south, but also east-west
direction can be observed in the fine-grained areas. In addition, larger minerals were bent by post-crystalline
deformation processes (Figure 4d).
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Main components
Jadeite occurs as idiomorphic, short prismatic crystals arranged in clusters. These aggregates formed during static
crystallization. The mean light scattering of the colourless crystals is at n = 1.66-1.67 and the birefringence is
relatively low at δ = 0.012. The interference colours are therefore in the range of grey to yellow of the 1st order.
For some large crystals with low birefringence, Jadeite shows anomalous blue interference colours. The
monoclinic Jadeite shows an extinction slant of up to 32 °. Some minerals in coarse-grained areas exhibit zoning,
indicating that the crystals have grown in several stages. The size of the minerals varies between 0.01 and 3 mm.
Cr Jadeite is found as very small crystals with pale green inherent colour and weak pleochroism. These minerals
form the matrix which has been formed by syncrystalline deformation. The light and birefringence of Cr Jadeite is
slightly lower than that of pure Jadeite. In a few places in fine-grained areas one finds zoned crystals, whereby the
centre is Cr-Jadeite (pale green) constructed and the margins are rather Cr-poor (colourless). This zoning is also
evident with crossed polarizers, with Cr-richer areas exhibiting lower interference colours. The size of the
minerals vary between 0.05 and 0.3 mm.
Accessories:
In a few places in fine-grained, Cr-rich lots small crystals of pyrite are fused with Jadeite.
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Fig. 4: Thin section photos of sample 65467A with crossed polarizers (A, B, D) and single polarized light (C) with
lower image edge lengths of 1.24 mm (D) and 2.48 mm (A, B, C): (a) fine-grained area, coarser crystals correspond
to pure Jadeite, finer crystals Cr-Jadeite; (b) medium-grained area, excluding Jadeite; (c) decussate sheaves of
Jadeite in Cr Jadeite; (d) Microfiltration of the Jadeite Minerals.
5.1.2. Omphacite - Jadeite (Sample 65467B)
Structure:
The handpiece shows a light green colour with more or less homogeneous mineral distribution. In some places
you will find dark green or white spots.
In Fig. 5a one recognizes a larger Jadeite in a matrix of the smallest, xenomorphic crystals of the same species. It is
rare to find idiomorphic crystals in this thin section. Some Jadeite show segregation lamellae. Omphacite formed
along the fractures and edges of Jadeite. The formation can be explained by the circulation of late Ca, Mg (and Ferich) fluids.
The Omphacite minerals do not show their own crystal forms, but grew on the jadeite, replacing it and taking its
given form (see Fig. 5b).
Fig. 5c shows that Omphacite can also form within a mineral, namely fission cracks, in which this fluid phase
circulated. In addition, the pyroxenes were deformed by post-crystalline processes and therefore quench
undiluted. Late brittle deformation led to cracks in the rock.
Main components:
Jadeite occurs mainly as large, round and colourless grains, sporadically one finds also prism-shaped crystals. The
mineral sizes vary greatly and range from 0.05 to 3.5 mm. The Jadeite crystals show in places a pleochroism from
light yellow to light green. The other light-optical properties correspond to those of the Jadeite of sample 65467A.
Since the mineral compositions are relatively homogeneous, no zonation can be seen. Late, brittle deformation
led to numerous cracks.
The margins and fractures of the Jadeite crystals are overgrown with Omphacite. These monoclinic, prismatic
crystals are biaxially positive and have a slightly higher light refraction than the Jadeite. The inherent colour of the
Omphacite turns into yellowish and shows a weak Pleo-chromism of colourless to slightly yellow green. The
birefringence δ = 0.023 is considerably higher and results in 2nd order interference colours.
Accessory minerals:
Titanite occurs in a few places as small, round grains <0.01 mm as inclusions in Jadeite minerals.
Opaque phases (graphite?) are found as small, elongated inclusions in the core of Jadeite crystals.
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Fig. 5: Thin section photographs of sample 65467B with crossed polarizers with lower image edge lengths of 6 mm
(A) and 1.24 mm (B, C): (a) large grains embedded in a fine matrix; (b, c) Omphacite growth spaces.
5.1.3. Phlogopite - Analcime - Jadeite (Samples 65467C / E)
Structure:
Sample 65467C handpiece is rich green and has some darker and some lighter spots, otherwise the mineral
distribution is quite homogeneous. In the handpiece 65467E clearly two parts are to be distinguished from each
other. One half is white with pure Jadeite and the other half green with Cr-rich Jadeite.
15

In the thin section (sample 65467C) one recognizes about a dozen larger minerals, which are embedded in a
matrix of fine-grained Cr Jadeite. A section of this can be seen in Fig. 6a. In addition, one recognizes dark
segregation in the large, yellow mineral. The big minerals are mostly found in aggregates. Neither the big, nor the
small minerals show a regulation, the structure is directionless granular. The matrix shows a green glow. Striking
are the ultra-mylonitic areas, which are heavily sheared and therefore have very small minerals. In Fig. 6b, this
sheared band is marked with a red line. Some areas of medium crystal size show a control in the form of a
polygon arc. These crystals show no undulatory extinction and are also not deformed, therefore one can assume
that they are post-tectonically recrystallized. At the core of Jadeite crystals are small opaque minerals (graphite?)
grown parallel to the cracks. The opaque phase was probably formed by metasomatic processes with CH4-rich
fluids through oxidation (see Shi et al., 2005b).
In sample 65467E, the two different zones are clearly visible even in thin section, as shown in Fig. 7a. The white
part shows a decussate structure with large, short-prismatic crystals. Some of the prisms are heavily zoned, which
can be seen very clearly in Fig. 7b with crossed polarizers.
At one point in this mid-grained area, there are cracks and fractures filled with Analcime, which developed in a
late stage of metamorphosis there. Some Jadeite crystals grew into the mass (see Fig. 7c). The prisms are
arranged directionless in the matrix. The green, Cr-rich part shows small minerals, which were regulated in a
foliation. These controlled Cr Jadeite minerals are marked with red lines in Fig. 7d. The Cr-rich Jadeite forms not
only short prismatic, but also fan-shaped crystals.
Main components:
Jadeite occurs mainly as fan-shaped, deformed crystals. Where the cracks are filled with Analcime, there are also
short prismatic minerals. The prisms in sample 65467E show strong zoning in crossed polarizers. This is an
indication of different phases of crystal growth with different chemical conditions. The other light-optical
properties correspond to those of the Jadeite of sample 65467A. The size of the minerals varies between 0.1 and
1.5 mm.
Cr Jadeite is found as the smallest crystals with pale green inherent colour and weak pleo-chromism. These
minerals form the matrix, which was followed by syntectonic crystallization. The small Cr Jadeite minerals
represent the main part of the sample 65467C but are also increasingly found in the sample 65467C. The light and
birefringence of Cr Jadeite is slightly lower than that of pure Jadeite. The size of the minerals varies between 0.01
and 0.25 mm.
Phlogopite can be found as small platelets with a diameter of up to 0.08 mm. The mica filled the resulting cracks
and grew between pre-existing grain boundaries of the Jadeite minerals. It is obvious that this mineral is sprouted
only after the deformation processes. Such a plate can be seen in Fig. 6c with blue interference colours. The
monoclinic mineral is colourless and biaxially negative. The refraction of light is between nα = 1.53-1.60 and the
birefringence with δ = 0.0280-0.0450 results in interference colours in the range red to blue of the 2nd order.
Also, the Na zeolite Analcime formed in cavities between existing grain boundaries and is located near Phlogopite.
Analcime probably originated at the same time as Phlogopite and occurs in this cut only in one place. The size of
the mineral is about 0.04 mm. This colourless mineral with a cubic crystal system is isotropic (cubish) and can be
clearly recognized by its low refraction nα = 1.47-1.49.
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Accessory Minerals:
At the edge of the piece of rock and in small cracks an impregnation by limonite (mixture of different ironhydroxides) took place.
Opaque phases (graphite?) are found as small, elongated inclusions in the core of Jadeite crystals.
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Fig. 6: Thin section photos of sample 65467C with crossed polarizers with lower image edge lengths of 6 mm (A,
B) and 0.62 mm (C): (a) large grains embedded in a fine matrix, segregation lamellae in Jadeite; (b) ultra-mylonitic
shear band of Cr Jadeite minerals marked with red line; (c) post-tectonic Phlogopite.

Fig. 7: Thin section photos of sample 65467E with crossed polarizers (B, D) and single polarized light (A, C) with
lower image edge lengths of 2.48 mm (B, C) and 6 mm (A, D): (a) Border between fine-grained Cr-Jadeite minerals
and middle-grained Jadeite crystals; (b) zoning into Jadeite prisms; (c) fractures filled min. Analcime, Jadeite
crystals grew into the mass; (d) Foliation in fine-grained Cr Jadeite.
5.1.4. Phlogopite - Omphacite - Jadeite (Samples 65467D1 / 2)
Structure:
In the handpiece one recognizes an inhomogeneous mineral distribution. The main part of the rock is dark green,
with white spots in some places. Bright veins and cracks go through the rock. The white sheaves are all more or
less in the same corner.
In the thin section 65467D2, the white spots can be recognized as decussate areas. The minerals grew larger than
in the surrounding matrix and form sheaves of short prismatic Jadeite crystals, as shown in Fig. 8a. The matrix
form fan-shaped, partially bent Cr-Omphacite crystals. From microprobe measurements it could be seen that the
decussate areas of Jadeite, the fine-grained areas of Omphacite and Cr-Omphacite are constructed. The CrOmphacite crystals were arranged without direction and bent by post-crystalline deformation processes. In
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section 65467D1, only such fan-shaped, bent crystals can be seen (see Fig. 8b). In section 65467D2, green CrOmphacites are visible at some points in the fine-grained region, which also have a fan-shaped structure (see Fig.
8c). Fig. 8d shows a fracture filled with crushed material, caused by late, brittle-formative processes.
Main components:
Pure Jadeite comes in cut 65467D2 exclusively as fine-grained mineral aggregates. The hypidio-morphic crystals
formed during a static crystallization phase. Some crystals are short prismatic, others show a fan-like, bent
mineral form. The other light-optical properties correspond to those of the Jadeite of sample 65467A. The size of
the minerals varies between 0.1 and 0.5 mm.
The fan-shaped Omphacite and Cr-Omphacite minerals form aggregates of prismatic, elongated crystals of
different grain sizes. The partially radially symmetric minerals are bent by post metamorphic deformation and
thus extinguish extinct. The light and birefringence of Cr-Omphacite is slightly lower than that of pure Omphacite.
In some places in the matrix one finds zoned crystals, where the centre is made of Cr-Omphacite (pale green) and
the edges are rather Cr-poor (colourless). This is Omphacite, which has grown in the fine-grained areas around
the Cr-Omphacite. This zoning is also visible with crossed polarizers, namely, Cr-richer areas show lower
interference colours. The size of the minerals varies between 0.1 and 1.5 mm.
One to two minerals of mica Phlogopite can be recognized per cut. The Mg-K mica is found as small platelets with
a diameter of up to 0.2 mm. The crystals fill existing cracks and grew between already existing grain boundaries of
the Jadeite minerals. It is obvious that this mineral is only sprouted after the deformation processes. The
monoclinic mineral is colourless and biaxially negative. The refraction of light is between nα = 1.53-1.60 and the
birefringence with δ = 0.0280-0.0450 results in interference colours in the range red to blue of the 2nd order.
Accessory minerals:
At the edge of the piece of rock and in small cracks an impregnation by limo-nit took place.
Opaque phases (graphite?) are found as small, elongated inclusions in the core of Jadeite crystals.

Fig. 8: Thin section photos of the samples 65467D1 (B) and 65467D2 (A, C, D) with crossed polarizers (B) and
single polarized light (A, C, D) with a lower image edge length of 6 mm (A, B) respectively 2.48 mm (C, D): (a)
Jadeite sheaves in fine-grained Omphacite and Cr-Omphacite; (b) Fan-shaped structure of Cr-Omphacite minerals;
(c) green Cr-Omphacite; (d) Crack filled with crushed material.
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5.1.5. Cosmochlore - Analcime - Albite - Omphacite - Jadeite (Samples 104276, 104277, 104516)
Structure:
The rock samples 104276 and 104516 consist mostly of white Jadeite and Omphacite (see measurements
microprobe Chapter 6), in which bright green spots and a dark-green band are turned on. For sample 104516, the
tape is up to 5 mm thick, at 104276 it is at most 1 mm wide. In some places you will also find pale green closures.
Sample 104277 is darker and contains much more Cr Jadeite and Cr Omphacite. In addition, you can see a white
area and opaque spots in the green matrix.
Under the microscope, the white parts show a middle-grained, decussate structure consisting of prismatic Jadeite.
Post crystalline deformation is evident from bent, insoluble prisms.
Light green spots are areas where Jadeite has been marginally replaced by Omphacite cracks. This phenomenon
can be seen in Fig. 9a), where Omphacite shows higher interference colours (blue) than the pure Jadeite (yellow).
In part, one finds Omphacite-filled clefts, which can be seen above all in section 104276. In all rock samples,
cracks are found that have been post-metamorphosed by Analcime and / or by albite (see Fig. 9b).
The dark green band in samples 104276 and 104516 consists of small, controlled Cr-Jadeite and Cr-Omphacite
crystals. The slightly greenish band shows a weak relief compared to the white areas with pure Jadeite (see Fig.
9c).
Noteworthy are smaller agglomerations of Cosmochlore, which are in contact of the foliated band with the
decussate region (Figure 9d). In section 104277 one finds aggregate of chromite (Fig. 9e) surrounded by Cr-Jadeite
and Cr-Omphacite. Cosmochlore is also often formed by chromite and is often in direct contact with Cr-Jadeite / Omphacite, as shown in Fig. 9f.
Main components:
Jadeite occurs mostly as a short prismatic, usually 2-6 mm long, colourless crystals. In the sections 104276 and
104277 the minerals are mostly zoned. In section 104516, the prisms are heavily fractured by post-metamorphic
processes. Most of the samples consist of this type of Jadeite. The prisms have grown directionless and
sometimes form sheaves in Cr-Jadeite sections. The other light-optical properties correspond to those of the
Jadeite of sample 65467A.
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Cr-Jadeite forms small, pale green, often adjusted prisms with a size between 0.1 and 0.5 mm. The mineral is
found only in a few places in section 104277. There it appears in rich green and grows radially symmetrically
around the chromite. In this cut, the zoning with a green Cr-rich core and colourless edge is well known. In section
104276, it is predominantly Cr-Omphacite (see Results Microprobe Chapter 6). The light and birefringence of Cr
Jadeite is slightly lower than that of pure Jadeite. The interference colours are in the range of the 1st order grey.
Cr-Omphacite often forms edges around Jadeite and is characterized by much higher interference colours than
Jadeite. The green areas in section 104277 are mostly made of Cr-Omphacite. In Section 104276, according to
microprobe results, Cr-Omphacite is found exclusively. The birefringence δ = 0.023 results in 2nd order
interference colours. In section 104516, the Omphacite occasionally occurs in the nucleus of Jadeite crystals. This
is due to relatively complex growth conditions.
The monoclinic, prismatic crystals are biaxially positive and also have a slightly higher refraction than the Jadeite.
Cosmochlore occurs mainly in section 104277 and forms roundish aggregates there. The mineral is always near
chromite and is mostly surrounded by Cr Jadeite. Inside you can often observe a strongly altered opaque phase
(chromite). In the other two cuts Cosmochlore occurs only in traces. The minerals have an intense dark green
inherent colour that varies from yellow green to dark green when the stage is rotated. The grain sizes vary
depending on the sample between 0.1 and 0.7 mm.
Albite / Analcime: These two minerals fill the cracks created by tectonic processes.
Accessory minerals:
Chromite can be observed as roundish aggregates with grain sizes up to 1 mm in the cores of the Cr Jadeite and
Cosmochlore or associated with them.
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Fig. 9: Thin section photos under the microscope with crossed polarizers (A) and single polarized light (BF) with
lower image edge lengths of 1.24 mm (A, D) and 10 mm (B, C, E, F): (a) Sample 104516: Jadeite Crystal with
Omphacite Hem; (b) Sample 104277: cracks filled with albite; (c) Sample 104516: band with small crystals of Cr
Jadeite; (d) Sample 104276: Cosmochlore aggregates at the edge of the foliated band; (e) Sample 104277:
chromite aggregates surrounded by Cr Jadeite; (f) Sample 104277: Cosmochlore in contact with chromite and Cr
Jadeite.
5.2. ED-XRF for total rock
5.2.1. Action
To measure the overall chemistry, seven of the eight pieces of rock were tested with an ED-XRF instrument. At
the beginning, the elements to be measured were selected, which then appeared in the spectrum and the
measured data. The X-ray measures over a surface of two square millimetres. One to two measurements were
made of each piece of rock. The table below (Table 1) shows the measured weight percentages. The remainder is
composed of elements that are less than 0.1% by weight and are not relevant to the rock Jadeite-Jade.
Illustration
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Fig. 10: Spectrum of a chemical analysis performed on an ED-XRF device on sample 104276.
Probe

65467A
_

Oxide in Wt.%
SiO2
59.77
TiO2
0.02
Al2O3
17.80
Cr2O3
0.23
Fe2O3
1.38
MgO
1.09
MnO
0.04
Total
99.17

65467B
_

65467C
_

65467D

65467E

104276

104277

104516

59.90
0.08
20.94
0.03
0.76
0.00
0.02
99.40

58.26
0.15
14.74
0.19
1.63
4.11
0.05
99.68

55.65
0.55
9.77
0.33
2.46
7.60
0.07
98.75

59.89
0.08
20.04
0.14
1.09
0.00
0.02
99.30

58.77
0.29
14.65
0.47
3.20
2.90
0.09
99.17

55.19
0.16
12.87
3.24
2.08
4.68
0.18
99.16

55.57
0.22
10.95
0.58
2.74
7.11
0.08
99.39

Table 1: Percentage of oxides by weight calculated with the ED-XRF for all rock samples.
5.2.2. Results:
Samples 65467B and 65467C were examined only with the microscope and ED-XRF. The results of the three rocks
are quite similar except for the Mg and Ca contents. Sample 65467C shows elevated levels of Mg and Ca,
suggesting that the rock is largely Omphacite. Sample B contains no magnesium. Samples 65467D and 104516
have the highest levels of magnesium and calcium. From this it can be concluded that it is increasingly the mineral
Omphacite. In sample 104277, the increased Cr content is conspicuous. The rock is quite green and indicates
increased Cr Jadeite or Cr Omphacite content. In addition, chromium aggregates are found in this cut, which are
responsible for the high Cr content. It is also striking that iron and titanium can be found in each of the cuts.
Since all rocks are very inhomogeneous, it is difficult to give a statement with the ED-XRF analyses alone. These
data give a good overview of the total chemistry, namely the existing elements and trace elements and their
frequency. If you made more than three measurements per rock, all the analyses would be different. The
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relationship of the elements to each other is always similar, since there can be no major deviations from the
mineral formula. However, what elements are found depends heavily on the location in the rock.
5.3. Raman spectrometry
The measurements on the Raman probe proved that the green minerals in sample 104276 and 104277 are
actually Cosmochlore. The measurements show characteristic spectra of Cosmochlore, as shown in Figures 11 and
12 below. The meaningful peaks are at 1000, 680, 550, 400, 350, 200 and 80 cm 1. Cosmochlore is the one with
the most peaks of the measured minerals.

Fig. 11: Raman spectrum of Cosmochlore of sample 104276
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Fig. 12: Raman spectrum of Cosmochlore of sample 104277
According to the thin section description, all white and green minerals were referred to as Jadeite respective Cr
Jadeite. It turned out, however, that in most cases it is not Jadeite or Cr-Jadeite, but Omphacite and CrOmphacite. Especially in Samples 65467D1, 65467D2 and 104276, it was not Cr Jadeite but mainly Cr-Omphacite.
The following two spectra (Figures 13 and 14) show the difference between Cr-Jadeite and Cr-Omphacite. The
spectrum of Cr Jadeite shows at 400 cm-1 the characteristic rash with three peaks, whereby the spectrum of CrOmphacite shows only two peaks. Both minerals have the same peaks at 1020 and 685 cm 1. For small
wavenumbers, there are no clear peaks in Cr Jadeite. The spectrum of Cr-Omphacite (Figure 14), however, clearly
shows two more peaks.
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Fig. 13: Raman spectrum of Cr Jadeite of sample 104276

Fig. 14: Raman spectrum of Cr-Omphacite of sample 104276
Furthermore, Jadeite, Omphacite, albite and Analcime could be determined with the Raman probe. The
measurements thus underlined most of the mineral parageneses discovered in the thin section description. In the
thin section, Omphacite and Jadeite were almost indistinguishable, and measurements on the Raman probe gave
more accurate results.
The following two spectra show Jadeite and Omphacite, which differ only slightly. The rashes at 1030 and 690 cm1 are virtually identical. The only difference is in the peaks around 400 cm 1. Jadeite (Fig. 15) shows a peak with
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three rashes, whereas the spectrum for Omphacite (Fig. 16) shows a weak pronounced two rashes. The peak at 76
cm-1 is again identical.

Fig. 15: Raman spectrum of Jadeite of sample 65467E

Fig. 16: Raman spectrum of Omphacite of sample 65467D2
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6. Microprobe analysis
6.1. Action:
To further examine the results of the Raman probe, three thin section samples were analysed in detail using the
microprobe. These are the sample numbers 65467D2, 104276 and 104277. The photos were taken from the
measuring points measured with the Raman probe. These points were searched on the monitor of the
microprobe and then focused. The minerals sought were Jadeite, Cr-Jadeite, Omphacite, Cr-Omphacite and
Cosmochlore. In each case places were selected, whereas many mineral phases occurred together. There were
then set of each mineral 5-20 measuring points. This was done in the same way for all three cuts. The results of
the measurements are shown in the three Cosmochlore (Jadeite + aegirine) quadrilateral clinopyroxene diagrams
(Figs. 17, 18 & 19). In each case, all data from all measured minerals were entered in the diagram. On the left
there are BSE images of the respective measuring points.
6.2. Results:
Sample 65467D2 (Fig. 17): As first assumed in microscopy, this cut is not Jadeite and Cr Jadeite but Omphacite
and Cr Omphacite. The Cr-free sites are quite homogeneous and are located approximately all at the same place
on the triangle. In the Cr-rich areas you will find larger varieties. Some sections in the cut have more quadrilateral
components, others more Jadeite and aegirine. What was not found in this cut is pure Jadeite.
Sample 104276 (Figure 18): This sample is Jadeite-Jade, in which a dark green band with a lot of chromium is
embedded. In the contact zone between the bright, white area and the green area you will find the rare mineral
Cosmochlore. In this cut one finds pure Jadeite, whereby the Jadeite in the green band has a little more
quadrilateral component. The Cr-rich sites are Cr-Omphacite and not Cr-Jadeite as originally thought. It is striking
that the minerals in the green band have a significantly higher Cosmochlore component, which can be explained
by a syn-tectonic metasomatosis through a Cr-rich fluid phase. The Cosmochlore aggregates themselves are very
inhomogeneous and scatter over a large field. Around three-fifths of the measurements have more than 50%
Cosmochlore component, but no more than 70%. The lowest proportion of co-component is about 21 wt.%
Cosmochlore.
Sample 104277 (Fig. 19): Larger Cosmochlore aggregates are found in this sample in the sample 104276. Here one
finds pure Jadeite in some places. In green, Cr-rich areas can be found both Cr-Jadeite and Cr-Omphacite.
The chemical composition of the two minerals differs only slightly, nevertheless you can find more Mg and Ca. A
clear difference to the sample 104276 represent the Cosmochlore minerals. They are much more homogeneous
and therefore located at all measuring points closer together. The lowest share is 46.05 wt.% Ko and the highest
at 69.64 wt.% Ko.
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Fig. 17: On the left you can see an image of the sample 65467D2, which was taken with the help of the
microprobe. The bright parts represent the Cr-rich Omphacite and the darker spots show Cr-free Omphacite. On
On the right side, the measured data has been entered into the proximal triangle. These are around the
Omphacite (green dots) and Cr-Omphacite (blue squares).
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Fig. 18: On the left you can see an image of the sample 104276, which was taken with the help of the microprobe.
The white areas represent Cosmochlore. The slightly darker, light grey spots are a little poorer. It deals this is CrOmphacite. The somewhat more homogeneous, dark areas are Jadeite. On the right side, the measured data has
been entered into the proximal triangle. These area round the Jadeite (green dots), where the dark green reflect
the Jadeite minerals in the band. Both blue quadrilaterals are Cr-Omphacite. The red and the orange pentagons
represent the composition of the Cosmochlore aggregates.
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Fig. 19: On the left you can see an image of the sample 104277, which was taken with the help of the microprobe.
The light grey parts represent Cosmochlore. The slightly darker, grey spots are a little poorer. This is Cr-Omphacite
or Cr-Jadeite, depending on the situation. The somewhat more homogeneous, dark areas are Jadeite. On the right
side, the measured data has been entered into the proximal triangle. This is the Jadeite (green dots). The blue
quadrangles are Cr-Omphacite and Cr-Jadeite respectively. The red and orange pentagons show the composition
of the Cosmochlore aggregates.
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Probe
65467D2
65467D2
65467D2
Cr-Omp
Cr-Omp
Omp
Omp
Messung
1
2
12
SiO2
56.91
56.74
58.24
TiO2
0.59
0.55
0.87
Al2O3
6.58
6.49
12.00
Cr2O3
2.38
2.55
0.38
Fe2O3
0.00
0.00
0.00
MgO
9.23
9.09
8.19
CaO
12.83
12.79
10.61
MnO
0.00
0.00
0.00
FeO
5.08
5.29
1.61
Na2O
6.39
6.51
8.10
K2O
0.00
0.00
0.00
Total:
99.99
100.01
100.00
Kationen (O=6)
Si
2.043
2.041
2.029
Ti
0.016
0.015
0.023
Al
0.278
0.275
0.493
Fe3+
0.000
0.000
0.000
Cr
0.068
0.073
0.010
Mg
0.494
0.487
0.425
Ca
0.494
0.493
0.396
Mn
0.000
0.000
0.000
Fe2+
0.153
0.159
0.047
Na
0.445
0.454
0.547
K
0.000
0.000
0.000
Total:
3.990
3.997
3.970
Endglieder inkl. Cr (Morimoto et al. 1988)
Q(%):
56.17
55.65
44.24
Ko(%):
8.56
9.25
1.16
Jd+Ae(%): 35.27
35.10
54.60

65467D2
Cr-Jd
13
58.07
0.87
11.62
0.31
0.00
8.60
11.25
0.00
1.49
7.79
0.00
100.00

104276
Cr-Jd
19
57.76
0.09
10.79
0.95
0.00
9.78
12.27
0.00
1.35
7.02
0.00
100.01

104276
Jd
20
57.48
0.13
9.95
1.04
0.00
10.00
13.08
0.00
1.57
6.75
0.00
100.00

104276

104276

44
59.96
0.01
24.38
0.05
0.00
0.46
0.31
0.00
0.34
14.49
0.00
100.00

45
59.82
0.12
22.92
0.01
0.00
0.33
0.18
0.00
2.11
14.50
0.00
99.99

2.025
0.023
0.478
0.000
0.009
0.447
0.420
0.000
0.043
0.527
0.000
3.972

2.021
0.002
0.445
0.000
0.026
0.510
0.460
0.000
0.039
0.476
0.000
3.980

2.020
0.003
0.412
0.000
0.029
0.524
0.492
0.000
0.046
0.460
0.000
3.986

2.016
0.000
0.966
0.000
0.001
0.023
0.011
0.000
0.010
0.945
0.000
3.972

2.029
0.003
0.916
0.000
0.000
0.017
0.007
0.000
0.060
0.954
0.000
3.986

2.027
0.001
0.214
0.007
0.569
0.137
0.124
0.000
0.077
0.845
0.000
4.000

46.37
0.94
52.68

51.46
2.71
45.84

53.60
3.04
43.36

2.27
0.13
97.60

4.17
0.03
95.80

16.69
60.03
23.28

Jd

Tab. 2: Chemical composition of selected minerals of samples 65467D2, 104277 and 104276
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104276
Kos2
67
55.19
0.02
4.94
19.59
0.25
2.51
3.15
0.00
2.51
11.86
0.00
100.01

104276
Kos3
76
54.85
0.08
2.92
21.05
0.00
3.40
4.33
0.00
2.29
11.07
0.00
99.99

104277
Kos1
107
55.56
0.00
5.08
23.73
0.00
1.08
1.35
0.00
1.26
11.95
0.00
100.01

104277
Kos1
108
55.75
0.00
5.02
22.01
0.00
2.31
2.61
0.00
1.20
11.10
0.00
100.00

2.028
0.002
0.127
0.000
0.615
0.187
0.172
0.000
0.071
0.793
0.000
3.996

2.033
0.000
0.219
0.000
0.687
0.059
0.053
0.000
0.039
0.848
0.000
3.938

2.034
0.000
0.216
0.000
0.635
0.126
0.102
0.000
0.037
0.785
0.000
3.934

21.31
65.21
13.48

8.15
69.63
22.22

14.40
63.88
21.72

6.3. Microprobe Analytics Potsdam
Sample 104277 with the large Cosmochlore aggregates was sent to the University of Potsdam to obtain even
more accurate measurements of Cosmochlore, Omphacite and Cr-Omphacite. The measuring points can be seen
in the BSE images below (Fig. 20). The result of the measurements can be seen in the Cosmochlore (Jadeite +
aegirine) quadrilateral clinopyroxene diagram. All data from all measured minerals were entered in the diagram.
The complete measurement data can be found in the appendix. In Table 3 you will find a selection of the
measured data.
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Fig. 20: BSE images of sample 104277 from Cosmochlore, Cr-Omphacite and Omphacite.

Fig. 21: Cosmochlore (Jadeite + aegirine) quadrilateral clinopyroxene Diagram of sample 104277. All measured
data were inserted into this triangle. You can see the minerals Omphacite (light blue), Cr-Omphacite (light green)
and Cosmochlore (dark green).
Probe
104277
Kos
Kos
Messung
1
SiO2
54.87
TiO2
0.22
Al2O3
8.13
Cr2O3
16.59
Fe2O3
1.56
MgO
3.18
CaO
4.18
MnO
0.04
FeO
0.00
Na2O
12.17
K2O
0.00
Total:
100.94
Kationen (O=6)
Si
1.972
Ti
0.006
Al
0.344
Fe3+
0.042
Cr
0.471
Mg
0.170
Ca
0.161
Mn
0.001
Fe2+
0.000

104277
Cr-Omp
2
54.95
0.23
8.27
15.90
1.39
3.33
4.44
0.05
0.32
11.63
0.00
100.51

104277

104277
Cr-Omp
1
2
56.69
56.91
0.12
0.15
11.55
12.17
6.23
6.18
0.97
0.29
6.37
5.98
8.75
8.25
0.04
0.03
0.00
0.58
9.97
9.99
0.00
0.01
100.70
100.54

1.979
0.006
0.351
0.038
0.453
0.179
0.171
0.001
0.009

1.989
0.003
0.478
0.026
0.173
0.333
0.329
0.001
0.000
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1.995
0.004
0.503
0.008
0.171
0.312
0.310
0.001
0.017

104277
5
57.02
0.12
13.36
0.05
1.91
7.36
10.95
0.05
1.01
8.64
0.01
100.48

104277
Omp
6
56.53
0.02
9.38
0.18
1.94
10.93
15.15
0.10
0.08
6.15
0.01
100.47

1.989
0.003
0.549
0.050
0.001
0.383
0.409
0.002
0.029

1.987
0.000
0.389
0.051
0.005
0.573
0.570
0.003
0.002

Omp

Na
0.848
0.812
K
0.000
0.000
Total:
4.017
4.000
Endglieder incl. Cr (Morimoto et al. 1988)
Q(%):
16.34
18.13
Ko(%):
45.97
44.05
Jd+Ae(%):
37.69
37.83

0.678
0.000
4.009

0.679
0.000
4.000

0.584
0.000
4.000

0.419
0.000
4.000

32.80
17.18
50.02

32.02
17.08
50.90

41.27
0.13
58.60

57.75
0.48
41.77

Table 3: Microprobe data of sample 104277 from Cosmochlore, Omphacite and Cr-Omphacite.
6.4. Conclusion Sample 104277
Particularly striking are the differences in the measurement data of Omphacite and Cr-Omphacite. The
measurements on the microprobe of the University of Basel show that Cr-Omphacite, Cr-Jadeite and Jade contain
less than 30% by weight of quadrilateral Clino-pyroxene. However, the results of the microprobe at the University
of Potsdam show something else. All measurements of Omphacite and Cr-Omphacite show significantly more
than 30% by weight of quadrilateral clinopyroxene. On the other hand, the results of Cosmochlore are very similar
and cover approximately the same span in the pyroxene triangle.
The differences in Cr Omphacites and Omphacites are simply due to the choice of measurement points. In field 2
only Cosmochlore was measured in Potsdam and in field 1 Omphacite and Cr-Omphacite. However, no jade side
was measured, and the extreme inhomogeneity of the samples is already evident in the BSE images. At
Cosmochlore, the analyses of Potsdam and Basel, despite their inhomogeneity, plot in the same area! All in all,
both analysis sets indicate the extreme inhomogeneity of the mineral compositions in this sample.

7. Interpretation
As already mentioned in the chapter Results, the thin section description mainly distinguished Jadeite and CrJadeite. The mineral Omphacite was discovered only as growth chambers or as a fracture filling. After
measurements on the Raman probe, certain minerals could already be described as Omphacite. The
measurements on the micro-probe reinforced the suspicion that the white minerals are mostly Omphacite, the
green minerals are Cr-Omphacite and the dark green ones are often Cosmochlore. In single, white and middlegrained areas one finds pure Jadeite, which contains partly over 90 vol.% Jadeite. It is often described in the
literature that this is first-generation Jadeite jade, which was then largely transformed by metasomatic processes
and only individual sites were preserved (Dobretsov 2010).
Under the microscope one recognizes that all samples are very inhomogeneous mineral parageneses. Already in
the handpieces you can see various veins of green jade, and several bright green areas between white spots and
ribbons. Since Jadeite jade most likely crystallized from a fluid which itself has an inhomogeneous distribution of
elements (see chapter on Jadeite jade), it can be assumed that the Jadeite jade also has an inhomogeneous
composition. The decussate, white areas of the examined samples are for the most part pure Jadeite and, as
mentioned above, are remnants of the originally first statically crystallized generation of Jadeite jade. The second
generation of fluids brought enormous amounts of chromium, magnesium and calcium into the system and
derived silicon. Thus, the Jadeite jade was heavily enriched in diopside component. Often, this was a significant
tectonic overprinting of the rock, which is noticeable by mineral regulation and dynamic recrystallization in the
affected areas. The green band in sample 104516 could have been formed by such metasomatic processes in
which a lot of Cr, Mg and Ca were incorporated in system. Also, in the sample 104276 one finds a small, green,
embedded band. Again, microprobe measurements show significant mineral chemistry differences between the
two domains. The Jadeite and Omphacite minerals in the green band have significantly more Ca and Mg than the
minerals in the white range. In addition, he observed increased Cr concentrations in the green band. The Cr
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excess even led in places to the formation of Cosmochlore. As in chapter 5.4. it can be seen that the Cosmochlore
aggregates in cut 104276 are chemically extremely variant and cover a large range of compositions in the
pyroxene triangle.
Sample 104277 contains Cr-leading Jadeite, Omphacite and Cosmochlore aggregates. In this sample, there is no
clear band or shear area in which fluid transport could cause late, syntectonic metasomatosis. Cosmochlore
formed only in the direct contact with chromite, while Cr-Omphacite or Cr-Jadeite were formed at a somewhat
greater distance from the chromite crystals. Here, the genesis of Cr-pyroxenes is mainly due to the availability of
Cr in the sample and less due to metasomatic processes. The measurements of these mineral grains show that
they have much more homogeneous compositions than in the other samples.
The exact composition of the fluids responsible for the formation of the pyroxenes would need to be further
investigated by further fluid confinement studies. However, there is evidence for C-containing fluids through the
finest graphite inclusions in the pure Jadeite, which are either due to oxidation or reduction from the fluid. How
the fluids pass through the system is still not exactly understood. But as the results show, the Jadeite jade from
Kazakhstan is a jade of several fluid generations. Through tectonic processes, the first generation of statically
flooded, decussate Jadeite was highly fragmented, and the fractions were then healed by further, mostly Cr-rich
generations of Jadeite and Omphacite. Several samples show shear bands that indicate a syntectonic fluid flow. In
samples 65467C and 65467E, in the thin-section description, the shear bands are marked with a red line (see Fig.
6b) and 8d)). The bands are characterized by small, controlled Cr-Jadeite and Cr-Omphacite minerals.
So far, terrestrial Cosmochlore has only been described by a few localities, such as Burma (e.g. Mével & Kinéast
1986, Harlow & Olds 1987, Shi et al 2005a), New Zealand (Ikehata 2004), Japan (Anthony 1995), Kola Peninsula,
Russia (Zozulya 2003) as well as Lake Baikal in Russia (Reznitskii et al 1999, Secco et al., 2002). The appearance of
Cosmochlore in samples from the Kenterlau massif north of Lake Balkhash in Kazakhstan is new.
The samples 104276, 104277 and 104516 of Dr. George E. Harlow of the American Museum of Natural History,
New York, USA are the ones to find Cosmochlore. The three samples are all from the Kenterlau massif north of
Lake Balkhash, Kazakhstan. In sample 104516, the Cosmochlore aggregates were inhomogeneous with Cr-Jadeite
and Cr-Omphacite according to the Raman probe, so this sample was not used for the microprobe.
By measuring with X-rays, the total chemistry was measured over a range of two square millimetres. It is
astonishing that the measurement results differ in some cases, although all samples are from Jadeite-Jade from
Kazakhstan. The formation of jade is so complex and dependent on many factors that it is difficult to create the
same chemical and physical conditions for large areas. Each site has its own chemistry and cannot be compared to
any other site on other samples.
Since the conditions under which Jadeite-Jade from Kazakhstan was different from Burma, the compositions are
also different. For Burma samples, the minerals are far from inhomogeneous and the measurement points refer
to a smaller space in the pyrotechnic triangle. The samples from Burma show much smaller proportions of
quadrilateral component, in contrast to the samples from Kazakhstan. However, the Cosmochlore-leading rocks
of Burma also formed at much lower temperatures. The temperature stability of Cosmochlore and Cr-JadeiteOmphacite may increase with increasing quadrilateral component.
"The appearance of Omphacite as a hem around Jadeite minerals, with a composition of 20% diopside and 80%
Jadeite, is a direct indication of a miscibility gap in the diopside-Jadeite mixed series between pyroxenes
containing 20% and 40% diopside. Component "(Dobretsov 2010).
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8. Conclusion
The eight investigated Cr Jadeite samples from Kazakhstan show great variability in their mineral phases and their
mineral chemistry. In addition to the widespread Jadeite, there appears quite often Omphacite, Cr-Jadeite, CrOmphacite, Cosmochlore, Albite, Analcime, Phlogopite and as accessories also Chromite, Titanite and Opaque
minerals. The rocks are very inhomogeneous, with the main aggregates showing strong modal variations. Pure
Jadeite minerals often occur in larger crystals, which form statically gesprosste, sheaf-like structures. The green,
Cr-rich stains and bands are mostly fine-grained and extremely inhomogeneous. Remarkable here are shifts,
which are characterized by controlled and undulous, bent minerals. On these shearing paths, fluids were
transported syntectonically, which mainly caused the formation of Cr-Jadeite, Cr-Omphacite. Cosmochlore
formed on both such shingles and relict chromite grains, both producing very inhomogeneous mineral aggregates.
This is particularly clear from microprobe analysis of Cosmochlore samples 104276 and 104277 especially.
The Jadeite jade from Kazakhstan was created at P-T conditions of 600 ° C and 12kbar (Dobretsov 2009). Both the
temperatures and the pressures are higher than those of Jadeite-Jade from Burma, which originated at around
350 ° C and <10kbar (Harlow 2007). In Jade from Burma you will find significantly more Cosmochlore minerals,
which are also very inhomogeneous. In jade deposits from Kazakhstan, Cosmochlore aggregates are rather rare,
but sometimes they occur. In comparison to the lower tempered, Cosmochlore rocks of Burma, it is noticeable
that in the samples from Kazakhstan the Cosmochlore contains significantly higher contents of Jadeite + aegirine
as well as of quadrilateral pyroxene components (Schweinar, pers. Comm.).
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