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PREFAGCE

Dlamonds ere the hardest of all known minerals esnd arti-
ficial alloys. The unsurpassed durablility of dismonds and theiri
reslstence to the action of chemical ngents and to wear account
-for the wide-spread use of dismonds in technology. pféhonds are
precioils stones of extra fine quailty and sre used in the jewelry

business.

It 1s hard to find a brench of industry in which diamonds
are not used in one way or snother. They are partlcularly popular
in the metel industry, in stone cutting and in the branches of
pollshing and grinding industgy. They are also used for the bor-
ing of hard rocks. The use of diamonds greatly accelerates prod-
uctlon processes incressing the quality and the precision of
production. For that reason, the demand for diasmonds in industry
increases every year despite great achievements In the fleld of
producing hard and superhard: alloys.

As ~ result of the increased demand for lndustrisl
dismonds the world output of dlamonds exceeded 1. million
carats toward the beginning of World War 11 (19L0). During the
war the output of diasmonds dropped 9-11 million carsats. However
1t ettained lts pre-war level in 19L9. The output of dismonds
nas increased jarticqlarly in the past five yesrs. In l?Bh,‘the
world output of d.amonds achieved 20.) mlllion carais of which
1.8 million caratas ~- or about 82 per cent -- were used for
industrial purposes.

The above flgures testlfy to the tremendous demand for
industrial dismonds in recént years. Our nationsl industry exper-
ineces an acute shortage of dlamonds. The low contents of dlamonds
in the deposits of the Ursl Mountains does not allow aslabge .schle
aévelopment of diamond.mining. Work launched in the dépoaits of
the wester slopes of Central Urel lountains from 19i1 to"lggh
has not been suffliclently developed to meet the deTands forlln—
dustrial diemonds on ‘the home.-market. The import o}xdiamonds
from abroad 1s rather dlfficult in view of the obstacles put in

'foup way by capltalisb countries that control the world diamond
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market. As a result of this situation the use of industrial
dismonds in the Soviet Union is limited. Many brenches of our
industry are unasble to botsin dismonds end have to work with sub-
"stitutes. Substitutes sare, fof inastance, used in all drilling '
WOTKS.
Prelimlinary qstimates revealed that hundreds of millions

of rub%ﬁs could be ssved yearly by the Ministry of Geology and
the Protection of Mineral Resources USSR and the Ministry of Non-

Ferrous “etallurgy USSR along, if diasmonds were used in mining

operationsg. . An evenxrfeater sgving would be achieved through the
use of d.amonds in metal works, machine tool congtrucé&on, instru-
ment construction and in the branches of the grinding snd polishing
Industry.

As @ result of the tremendous tasks of developing national
economy end lncreasins the productlvity of labor set by the XXth
Party Congress wlthin the fremework of the Five-Year Plan the
supply of domestic diamonds to industry hss become a vitasl problem
of nation-wide importsnce. \

In the period from 1954 to 1955 rich originsl sources of
dlamonds and placer deposits similar to foreign dismond deposits
‘includlng even the South African dismond fields were discovered
in *he Yakutsk ASSR. ) }

The rich dismond deposits in the Siberian platform were
discovered as & result of surveys 'nade in recent years.and,
particularly, in 1955-195.. These deposits will mexe it possible
to orgrnlze a dlamond mining industry in thc_Yakuték ASSR thet
would fully meet the demands for industrial diamonds in the Sovie§
Unions. .

The paper The Diesmonds of Siberla was prepared by a team

of geologists who participated in the Amakin expedition that was
arrangéd by the department for Research in the Ural #ountsins and -
in Si§erla at the Ministry of Geology and the Pfotgction of #lineral
Resources USSR on the basls of the latest materlals available on
the study of diamgnd deposits on the Siberian platform. The paper

: alsoiiﬁdludps reports on the ocdurrence of diamond rocks discovered
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on the territory of the Yakutsk ASSR as well as detalled accounts
of the petrography and mineralogy of kimberlites and the crystall-
ography and mineralogy of diamonds. The paper desls with the
propafties of the dlamond-bearing placer deposits of the Vilyui
Basln and the methods of geological dlamond prospecting under

condltions of the Siberian p;atrorm.

In view of the sbundance 6f its factual data end its nov-
elty as well ss the importance of the problem of supplying our
national cconomy with domestic dismonds, this peper is of great
interest to the broad clrcles of Soviet geologlsts despite in-
adeyuate references to the original sites of dismonds and an
insufficient elaboration of indlvidual problems.

K. Korshunov

I. ORIGINAL SOURCES OF DIAMONDS IN THE BASIN OF THE VILYUI RLVER
The Vilyui diamond-bearing reglon (Figure 1 and 2 -
Inset) is located in the northwest of th Yarutsx ASSR and expands
to .nclude the basin of the Vilyul River and itg main tributaries,
the rivers Markha, Tiung, Ygyatta, Akhtaranda and the Bolshayas
uend Malaya Batuobi.s The total area of the diumond—bearing
deposits excesds 300,000 square kilometers.
In recent times this region has been expanding towsrd the
north. Industrial diamond deposits were discovered in the basing

ol the rivers Muna and Olensk.

Structurally, the Vilyui diamond-bearing basin i locéted
in the central pert of the Siberian platform at the site of the
conjugation of geveral large structures of various ageS. the
Anabsr Lower Paleozoic Anticline, the Angar-Lena Lower Peleozoic
depression, the Upper Paleozoic Tungusak Syneline and the Meso-
zolce Vllyui 8Syncline.ss Thig gives and ides of the location of

the deposits of the Paloozoie snd the‘Mesozo;c in the above aress.

The entlre north or the region ag part of the southern
slops of the Anarbar_Antlcline, is primarily‘rormed of sedimen-

tary deposits of the Upper Combrisn and the Lower Ordovician that
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that sre highly inclined in the southwest toward the Tunguska
Syncline whisi'e they are pgraduslly replaced by deﬁ%aits of the
Middle and Upper Ordovician and Lower Silurian.

North of the sbove reglon, toward the center of the Anbar
sountain Range we found very old sedimentary rocks of the #iddle
and Lower Cambrlisn as well as reefs of the Upper Proterozoic.

These almost not dislocated sedimentary rocks data from
the Lower Psleozoic and Upper Proterozoic. They are embedded
with great shifts snd angulér unconformity on the folded rocks
of the old pre-Cambrlian thet serves as the foundation of the
platform. The overall thickness of the Upper Proterozoic and
Lower Psleozolc deposlts (ranging frO@ reefs to Silurian form-
ations inolusive) or -- and it amounts to the same -~ the depth
of the stratiflcation of the crystal bed is deteruwined by H.S.
Zaltsev ag varying from 1,500 to 2,000 meters.

In the south,the region of Lower Paleozoic rocks of the

Anbar slope tapers off changing in the northeast into the Angaro-

Lena Lower Paleozolic depression where a number of large positive
and smaller negative strvuctures and domal formations were noted.
In the north and northwest, this depression borders on
the Tunguska Syncline which consists of thin sedimentary and
tuft rocks of the Upper Paleozoic and Lower Nesozolc with intrud-
Ing stratified and crossing traps. In eastern and southeastern
direction the Lower Paleozoic roc«s are gradually submerged under
continental end marine sedimentation of the Lower Jurassic whlch
form the border area of Lhe Vilyui Syncline end the inclined super-
lmposed Tunguska-Vilyuli Mesozoic depression. The thickness of
the Lower Jurassic sediments does not exceed 100 meters here. In
the east, that is toward the center of the Vilyui Syncline, Lower
Jurassic rocks alternats with increasingly younger Mesozoic
deposits their width graduslly increasing in that,dirgction. .The
central part of the Vilyul Syncline is formed by Cretaceous de-
posits. According to recent reports the overall width of =all

Mesozolc deposits exceed three kilometers.
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Phe beslc igneous rocks of the trap complex gravitate
toward the border of the Tunguska Syncline and are assoclated
with the zone of deep fractures that stem from the areas of crustal

movements on the borders of the Tunguska Syncline and the surrounding

LowkrrPsleozoic structures. The basic phase of trap vulcenism

datés beck to the Triasslc.

there is a geologlcal analogy between Siberlen traps and

the dolerites of Carru in gouth Africa bearing down on the simll-
arity between the geological development of these two important
pre-Cambrien platforms and thelir dismond-bearing areas.

This similarity 1ie emphasized by the occurencoe of peculiar
slkslline baselt rocks on the siberian platform similer to the
basalts that are found along with South African «imberlites. This
fact gave rise to certain prognoses.

It has been definitely establlished now thet kimberlites
occur on the Siberian platform. As far as their petrography and
occurence Ls concorned they are absolutely analoguous to South
African kimberlites.

These rocks are assoclated with local structures end run
vertically into the depth. They are known as "explosvie plpes.”
Kimberllites that £i11 the pipes are the orlginasl gites of diamonds
in South Africa as vell as in Siherla.

Kimberlite - pipes were discovered in two areas of the Vilyul
.diamond-bearing basin. These areas are located st a distance of
a [ew hundred Vilometers rrom each other: in the south, In the
#Malaya Batuobiya region, "and in the north in the Daaldyn reglon.
Both border on the Tunguska Syncline where Ordoviclan carbonaceous
rocks predominate almost exclusively and are adjacent to the zone
of the greatest occurence of trgprocks. .

Below is & description of %he_geological strucﬁuré of the
regions and the geology of kimberlite plpes.

GEOLOS IGAL OUTLINE OF THE MALAYA éﬁTUOHIYA BASIN

This territory is parf of -the Suntarskyl District of

the Yakubsk ASSR.

Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-0104':°>R001800150007-5



Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001800150007-5

-5-

Phe baslc igneous rocks of the trap complex gravitate
toward the border of the Tunguska Syncline and &are assoclated
with the zone of deep fractures that stem from the areas of crustal

movements on the borders of the Tunguska Syncline and the surrounding e

LowkrrPsleozolce structures. The basic phase of trap vulcenism
datés beck to the Triasslc.

ihere is a geologlcal enalogy botween Siverien traps end

the dolerites of Carrvu in South Africa bsaring down on the slmil-

arity between the reological development of thesé two important
pre-Cambrian platforms and their dismond-bearing areas.

This similarity ie emphesized by the occurence of peculier
elksllne baselt rocks on the Siberien platform similer to the
basalts that are found elong with Soutn African ximberlites. This
fact gave rise to certaln prognoses.

It hes been definlitely established now that kimberlites
occur on the Siberian platform. As far as their petrography and
cccurence is concerned they are absolutely ahaloguous to South
Afr:can kimberlites.

These rocks are asssoclated with 1ocai structures and run
vertically into the depth. They are known as."explosvie pipes.”
Kimberlites that £ill the plpes ere the orlginal sites of dismonds
in Soubh Africa as well as in Siveria.

Kimberlite pipes were discovered in two aress of the Vilyul.
dismond-bearing basin. These areas are located &t a distance‘of‘
a few hundred Yilometers from eqch other: 1in the gouth, in the
#alaya Batuobiya reglon, and in the nortﬁ in the Dasldyn regibn.
Both border on the Tunguska Syncline where Ordovician carbonaceous
rocks predominate almost exclusively and ;ré udjaceﬁt to the zone
of the greatest occurence of traprocks.

Below is & aescription of the geologlcal structure of the
reglons and the geology of kimberlite pipes.

GEOLOG [GAL OUTLINE OF THE MALAYA BATUORIYA BASIN

This territory is parb of the Suntarskyl District of .

the Yekutsk ASSR.
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It 1s locsoted in the besin of the ¥elaya Batuobiya Rliver,

an important tributary of the Vilyui River, within the hounderies

oy 2 8 ey 27 i

of the flat Centrsl Siberian elevation and on the border of the

Lena-Vilyul lowland.

Tre Mulaya Batuoblya Basin ls located where two dlfferent
structural areaé?éontaif cach other: the Upper Paleozolc area
of the Tungusku<§xggling>and the Mesozolc area of the Vilyul de-
pression ghich accounts for the heterogeneity and complexity of
the gqplggléal stru;ture of this territory ?Figure 3).
‘ » The bed is underlain by varlegat?d %ypseous marls of the

"
7 -

Upper Lena® formation orglnating with the Upper Cambrian. They

2 g
occur extremely rerely and it only emerges to the surface at a .
few points in the center of deep brachyanticline folds. The

deposits of the upper Lena formetion gradually change into & wide

(up to 200 meters) series of carbonaceous sandstone and q;gilluceous
and carbonaceous rocks. Most geolopists classify them as psrt
of the Ust Kut formation of the Lower Ordoviclien. These rocks
are very common snd fundamental in the geologlical formation of
this area. The bagsement of the formation is characterized by an
Interstratification of heavy and platy dolom}tes and calocareous
rocks with vorlegeted marl. In the upper parts of the formstlion
c. rbonaceous sandstone:z prevallsy Sandstone that originstes pre-
sumaﬁly with the C:rboniferous Era is embedded on the eroded sur-
face of Lower Palecz&ic rocks and was identified‘only in one spot.
There ére also continental aréillaceous sandstone deposfgs of the
Lower Permisn which are fgpnd in thé form of small spots in the
northwest. Their thickne;sidoes not exceed a few doéen meters.
In some areas the rocws are interbedded with small (10 to 20
meters) tuff formations (tuff, sand and tuff conglomerétes) of
the fipper Permien and Lower Triéssic. The nature of their con-.
tact with the Lower Permiasn deposits ls not clear.

Deposits of the Lower snd Middle Paleozoic are intruded
by'primary %genous trap rocks represented by uniform fine and

medium-size crystals of olivine diasbase. Most cosmon are sills

ﬁith’a ;hickness of gbputAloo-materé in fhe.nqrthwﬁsb.,,rheif

CHETN
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thickness decreases ln the dSovtheast; they disappear completely

In the upstream ares of the ialaya Batuobliya River. Dykes are

the most frequently encountered cross layers here and, to &
lesser extent, irregularly shaped intrusions. Dykes ore common
In the northwest which is chesracterized by the greatest concentra-~
tion of traprocks ss well as in other areas where they occur 1n.
Ordoviclan rocks. Apparently, the Intrustion of the basic :mass
of diabase took pléce in the Triasgsic Ere inasmuch as they intrude
Lower Paleozoic .rocks, as well as the productive (Rl) and the tuff-
openlc formation. (Rp-T).
t#esozolc deposits are found in the form of sandstones
and conglomerates of the Upper Llassic (Ukugut formation) which
are embsdded on the eroded surface of all older sedimentary and
igneous rocks described ebove. South of the area, Lower Jurasslic
deposits are most common. They fill a flat depression that runs
in almost latltudinel direction from the Nizhaya Tunguska River
toward the basin of the Vilyul River where it merges with the
edge of the Vilyul depression. The thickness of the sandy congro-
lmerate deposits of the Ukugut formstion graduslly increases
toward the axisl part of the depression reachlng 100 meters there.
At the edge of tho depregsion Jursssic deposits sre eroded and
found.dnly in the form of individval pstches. Their thlickness
doeg not exceed 20 to 25 meters. .
Littoral, marine and argillaceous clays as well as cal-
careous deposics of the Middle Liassic are conformably embedded
© on continental deposits of the Upper Liassic. These deposits
are greatly eroded wlth the exception of a'very small area. Their
thickness reaches a meximum of ten to 12 meters.
. 014 alluvisl deposits of sand, gravel, pebble and keolinite
clays présumably of Tsrtiaryvage belong to the Csnzoiq (7).
They were found ln the basin of the midstream are of the Iireleekh
River in 1955. They form small patches in a flat watershed of
carbonaceous rocks of the Ust-Kut formation of the Ordovician.
Further research will show wheter there deposits slso occur in

other areas.
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Common are eluvial, deluvial, sollfluctional and bog
deposlts of GQuaternary age. They were transported from the upper
part of rivers and watersheds. There are also young (river beds)
and old (terraces) alluvialcconglometates of sand and pebble from
large river valleys.

Rocks of the Lower Paleozoic, Middle Paleozoic and Meso-
zole along with magmatic traprock are unevenly distributed and
are assoclated with certsin northeasstern areas and zones that are
subordinate to the reneral expansion of the structures in this
part of the Siberian platform.

The structure in the northwest of the Malay Batuobiya
Basin 1s primarlily compoeseé of traps that imtrude rocks of the
Lo&er and Upper Paleozolic. 3outheast rrom the zone of treps a
predominance of rocks of the Ordovician woes observed wlith ilndividual
sections unconformsbly overlain by younger deposits of the Lower
Perm.an snd Lower Jurasslc. The entire south snd soutneast of
the basin is formed of continental deposits.of the Lower Juressic
with small zormes covered by littoral-marine deposits of the Jurasslc.

As 2 result of the tectonlcs of this areatthe geological
zonnl structure is very distinet. It borde;s on three structures
that expend in northeestern dlrection (figure l):

1) the southeast edge of the Tunguska Syncline where rocks

of the productive formstion occur most commonly

2) the arcag.of the reletlveiy upheaved strutification
of rocks of the Lower Paleozoic at the edge of the Vilyui Syncline
and the Tunguska-Vilyul Mesozolc Aeprssslon, and

3) the ?unguska-Vilyui ilesozolic depression.

As a whole, the sbove structures correspond to three
structural stages. The rocics of the Lower Paleozolic that form

the lower structursl stage are esmbedded almost horizontal and

plunge gently in the east. Agsinst the background of the general
monoclinsl dip of the rocks several flat antlclinsl folds over-

burdened by emerging deposits of the oldest Upper Csmbrian and

deposgits of the lower beds of the Ust Kut formatlon were encoun-

tered. It is very likely that these structures are connected
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with the tectonics of selt deposits. There are flat brachyfolds

in the rocks of the Lower Pgleozoic which may slso be connected

with it.
The rocks of the Upper Palcozoic that form the middle

structdral stage are horizontally embedded on the eroded surface

of the deposits of the Lower Paleozoic.

In the south and in southeaster direction, the rocks of

the Lower Paleozolc are submerged under deposlts of the Lower

Jurassic that belong to the upper structural stage that fills

out the Ilat Mesozoic depresslon of the Tunguska-Vilyui area. The
raiuer sharp plunge of the rocks of the.Lower Paleozq}c et the

border of the depression is, evidently, of young tectonic shifts,
such as, for instance, e relative subsidence of the central part

of the depression while the border section is upheaved. These

PR

shifts may have caused the minor flssures, cracks and clefts that
charscterize this area and are visible on serial photographiles.
They follow two sets of patterns: running southward snd northeast.

more or less along the present outlines of the Tunguska-Vilyui

e
&
-
-
.
i
o
R
¥
i

depression. Older deep fractures were fiiled with trapmagma
during its intrusion and ruﬁ south and northwest. 7
Faultingils common in the west of the above territory,
in'the midstresm basin of the Bolshaya Batuobiya River where trap
intrustions are most commbn. This srea of intense discordances
and block shits is, actually, the continuaﬁion of the zone of
fractures in southeastern direction including the basin §f the.
Akhtaranda Rlver and tre edjacent ares of the Vilyui Rlver Basin.
In_the sast, in direction of the Maleya Batuobiya River, faulﬁing
becomes mﬁre cénsplcuous alchough individual fractures sre still

found even there which proves the drastic tectonic unconformity

between’the rocks of the Ust Kut formatlon .and the younger rocks

of the Lowér PermianAand Lower Jurass;c. It also bears wltness

of thé pfcsence of individual trapdykes in the zone of sedimentary

beds in the ﬁogks of the Lower Paleozoic. ‘
Before the original diamond-bearing deﬁosits in the basin

of the Msleya Batuobiya River had been diécevered research’ revealed . -

.
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in 195l the connectlion between the aureole of the disséminatlon
of pyropes and consequently tie reglon of the estimated distri-
bution of kimberlite pipes, wlth a definite tectonic structure,
that is with tne srea of relatively upheaved rocks of the Lower
Paleozolc which borders dircetly in the southeast on the field

where traps are most comuon.

TR TN

This tectonlcally nnstable zone on the border of the Mes-

ozole depression was considered as the most likely dismond-bearing

S ekt Y

sourcs.

RS ATEN

In the southeast, toward the Bolshaya Batuoblya River this
unstable zone Lapers out snd the area of the maximum occurence of
traprock borders on the Tungusks-Vilyul depression. This dis-
covery led to the assumptlon that there is only little chenge of

finding origlnsl sources of dismonds in the basin of the Bolshaya

Batuobiya River.

Investigatlions conducted in 1955 by the surveying and pros-
pecting teams of the Anmakin expedition corraborated this assumptlon.
The kimberlite pipe found in the bsasin of the italeys Batuobiya
River is located within the borders of the above structure. The
fact thet it is shot through with pyropes lead to the essumption
that therc must be other kimberlite pipes which are still to be
traced in the feture. Survey and prospecting tesms established
that west of this srea in the basin of the Bolshaya Batuobiya
River there was not much to expect in regard to or;ainal dismond
deposits or placer deposits.

GEOLOGY OF THE KIMBERLITE PIPE "MIR"

In June 1955 team Ho. 132 of the Amakin expedition dis-
covered the first kimberlite pipe im the basin of the Malays
Batuoblya Rive;} This kimberlite pipe.was named "#Mip"

The geologicdl structure of the area adjscent tolthe
pipe "dir" is rather simple (Figure 5x). The oldest'rocks sre
carbonaceous and eelong to the Tist ¥ut formation. They are

mostly encountered in the form of heavy end [lne dolomite platies

or in the form calcarcous dolomites ln$eretratified with gfay

. { N
Another 41mberlite pipe was disccvered in 1956 withln the'above
structure. It wss named, "Kollektlivnaya" pipe. In additdon;
several lmportant magnetic anomellties were esuablished in
this area by geophysical research.: :

X
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and less frequently with reddish marl. The deposits of the Ust
Kut formation run glmost horigzontally but flat brachy folding
occurs.

The greatly eroded rocks of the Ust Kut formatlon are
overlaln by continental sand and argillaceous sediments. Pollen
anslysis proved that they belong to the Lower Jurassic Era. The
sediments in the above section aroe formed of small clastic carbon-
aceous facies that sre rather unususl for the continental Lower
Juressic series. The foundation of the layer is formed by.
bedded, grsy and yellow a2s well as mottled looge and solld élays,
varied clays, thinly laminated banded arglllaceous :ocks and
siltstones with vegltetion sediments. They include disinte-
groted lnterstretifications and lenses of verbonaceous clays
snd brown coal with a thic-/ness that verles from a few centi-
meters to 0.5 to 0.8 meters, or probably even more since mlnor
mining operestions did not strip the bottom layer of coal.

The foundation of the vlsible part of the bed containsg
light-grey arrxosic ssnds and ssndstones as well as rusty colored
ferruginous solid sends with the grains ;arying in size.

IThe top levels of the Lower Jurassic deposits are formed

of friable and heavy sands. They are medium and coarse-grelned,

yellow and grayish yellow and interstratified wlth pebbles and
w#ravel sapds. The lithology the top section is similsr to common
and chasracteristic Lower Jurassic continental déposiﬁs (Ukugut
forms tion).

Directly northeast from the pipe "Mir" the wldeét occour-
ence of Lower Jurassic deposits wes found on a flat watershed
where they form an irregulsr oval patch and are washed out north-
eastward end southeagtward by the upper parts of smaell streams.

In the northeast, the Lower Jurassic deposits form a sharp

tectonic unconformity with the rocks of the Ust Kut formation

bordering on them slong the line of sn asssumed fault thst stretch-
8s in northeaster direction along the Khebardin Rlver. The pipe

"Mir" is loceted along the continued line of this feult.
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In the east and southesast from the plpe, Lower Jurassic
deposits sre normally inberledded in the rocks of the Lower Pa-
leozoic. Their contact lles at an absolute altitude of 330 to
340 meters and at e relstive altitude éf 60 to 70 meters.

It is quite posslbel that the thickness of Lower Jurassic
deposits--ranging from 1 to 3_and up to 15 meters -~ increases
towsrd the fault level at its northwest hdnging wall.

‘ Bast and south from the desdribed section sand, gravel
and pebble sedimentstlon of the Lower Jurassic directly covep
cerbonsceous Ordovician rocks. There ere no coal facles.

The youngest formations (excluding the formetions of the
Quaternary) are evidently those detected in 1955 by team No. 200
in the fora of pecuiiar clay, send snd gravel diamond-bearing
deposits not affected by erosion in a very small zone (200'by
1,00 meters) only near the pipe "Mir". The characteristic pec-
uliarlty of these deposits, which differ drastically from the
environment is the uniform coarse clastic matter represented
pebbles and gravel of quartz, quartzite, fling and other indur-
ated rocks with a small quantity of gfeably eroded conglomerates
of kaoliniged rocks, the composition of which has not bwen estab-
lished. Solid snd heavy kaolinite bright and variegsted clays
(gray, bluish-gray, yellow, raspberry red, etc.) are interbedded
In the -foundation of the series. . ] .

The lltnglogic peculiarities of this series of rocks
testify to its lske and alluvisl origin snd that they were prod-
uots of the chemical weathering of the surrounding rocks.when
they were redeposl;ed under the conditions of a s}ightly dis-
integrated relief. ‘

This is a good explanation for the high‘concentratlon ol
diemonds in this series which excéeds the diamond content in the
kimberlites. The thickness of the above déposits is not great
st all ranging only by several yimes from one to five meters.

In a very small area the thickness.changes drastically. This
ay ?e due to the sinu-holes.in thq carbonaéeous.basément rocks

of the- Palepzoic which preserved them from erosiom.
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The ege of these deposits i1s commonly accepted as Pre-
Quaternsry, most llkely Tertiary, for general reasons and be-
cause of the similarity to other regions of the Slberian plat-
form where the ksolinite crust shows the effects of weathering
on rocks of the Upper Cretaceous Period.

The correlation of the kimberlite pipe "Mir" with the

above rocks of the Paleozoic, Mesozoic and Cenozoic is clearly
shown on maps and profiles (Figure 5). The pipe tears through
rocks of the Ust Xut formation. For the time belng no direct
contact with younger deposits has been observed. The plpe "Hipr"
looks like an irregular oval body stretching fream northwest to
southeast. Its size is 190 x 320 meters (Figure o).

Mining operations penetrated into the top kimberllte iayer
destroyed by weathering at a de th of 3.5 to l} meters and only
in some sectlons hard and solid rocks were encountered. Despite
the deﬁth of erosion the upper part of the plipe is built as
follows: X

A delluvial and eluvial stratum is formed of fine-grained
sands und some varved clays or gravel kimberlite with sceles of
bluish-green chlorite, and grains of pyrope and ilmenite. It
lncludes rare rubble of herd kimberlites as well as rounded and

sherp anguler fragments of surrounding rocks. Delluvial depos-

its are greenish-grey ang greenish-yellow. Interstratiiication

i1s occasionally observed.in the direction of the dip. In the
peripheral parts of the pipe the dslluvinl structure changes some-
what. Large fragments and carbonaceous blocks of the Ust Kut
formation consplcuously predominate here, sometlmes forming a
continuous delluvial bed up to 1 to 1. 5 meter thick which covers

the eluvial kimberlite.

At a depth of 'two to three meters grestly weathered kim-

berlite was encountered. It is formed of friable rocks that

dlsintegrate rarely into detrlitus snd gravel. The rocks are

* The description of the plpe is taken from the report of
mining teams.
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sreenish-gray, yellowlsh-green, dsrk green and sometimes light-
blue; they are rich in bluish-green chlorite and pyropes and,
to a lesser degroe, in llmente. The slze of the [fragments in-
creases with the depth. The rocks are mgriked by a pettern of

thin (up to 0.5 centimers) apophyses filled out with calcite.

o

Iln areas that were not as much affected by erosion a serlecs of

vertical creacis was observed which rarely are genlty inclined.

o

BT

”
R

AN

)

Scutheast (110 to 120 degrees) and southwest (210 to 230 degrees)

Rk

cracks are in predominasnce. Along the cracks, iron lends the

SR

kimberlite an orange andArusty coloring. Deeber down the kimber-
lite becomeé ihcrp&singly solid pradually turning into monolith
rock. The cross-sectlon of the kimberlite reveals that its
structure 1s not homogenous. Two types of rocks can be recog-
nized clearly: snall clastic kimberlite tuff and coarse clastic
kimberlite breccla.

Small clastic kimberlite tuff fills most of the pipe

except its extreme southeastern pesrt. Several varietles of tuff

which differ in color and minersl composltion should be discussed

in more detail.

The first variety is a grayish-green massive rock formed

of unevenly dlsseminated rounded greins of live-green end light-
green serpentine whlich frequently consists of non-eroded pseudo~

morphs after olivine. It encloses indlvidusl, flet crystals

SRS T EGTR TS AN T,
ol SRSy

(five to seven millimeters large) of blulsh-green chlorite and
rounded winered and mayve érnlns of pyrope. The slze of the mauve
greins varies from.oné to five millimeters. The grains 6f pyrope
are usually crumbling and esslly split into small bits. They are
surrounded by a thin greenish kelyphitic halo. The enclosure of
small (up to 0.5 merblmeters) rounded, angulsr and irregular
greins of ilumenite with a cheracteristic tar luster occurs less
frequent. Numberouvs fregments of smell-gréineé kimberlite rang-
ing fromKOLS to three centimeters were observed ih the rocis.

Fragments of country rock are less frequendy Occasional banding
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' caused by the interstratificatlon of verities of coarse and

flne-graine& tuffs was noted.

The second variety is distinguished by the dark color of

its baslic mess and the brownish-green color of the serpenpine.
The rocks are shot.through.with extremely fine csrbonaceous
serpentine apophyses and minerals are enclosed'in a halo of an
aggregate of carbonaceous serpentine.

The two verleties of grayish-green and dark-green kimber-
lite fofm the whole centeal and northwestern section of the pipe'

which show deep erosion.

The third variety is a light green;sh-yéllow porous and

blistered rock. Its structure bears gresat resemblance_to that
of the above varieties but lts basic mess 1s llighter and the grains
of olivine are smaller (pseudomorphs). In addition, en almost
complete sbsence of biluish-green chlorite is consplcuous. The
presence of a somewhst large number of fragments of country rock
than in the above varieties should be noted. Individual clearly
ferruginous sections of llight kimberlite are yellowish-brown.

On the map, this variety of kimberllte represents a semi-circle
with a width of about 50 meters bordering on the pipe in the
southeast at 1In its most uplifted part. It is most lixely that
the sbove-mentioned llght kimberlite forms the altered upper

part of the plpe which was affected by erosion in the center and

SR A TR e gD 20 VAN v e n T e T AT et 4T Evas D

in it s northwestern pért.

The second type of kimberlite -- the coarse tuffobreccia

L T YO

-- is represented by two varieties.

The first variety 1s encountered southeast of the plpe

neer the contact. The light gray greatly altered baslc mass of

i T S

the rock contains numberous ilrregulerly disseminated gralns and

N

‘fragments of serpentlnous olivine, laminae of bluish-green chlor-
ites, and rounded‘grains of pyrope and ilmenite. The quantlity

of cﬁlorite greatly exceéds'the quantity conteined in the flirst
type of kimberlite. ’The'presence of & great quentity (30 per-
cent) of anguler and rounded fragments of country rock is an-

.
other characteristic. property.
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The second variety 1s encountered in the center of the

pipe, near the upper part of the Khabardin River. The rocks

are clearly msrked by the presence of breccia, with patches'shqw-

ing the presence of qusrtz and even of secondary quartzlte.

In the kimberlites werfound inclusions of related ultra-
basic rocks, crystalline schists (eclogites, eclogite-like rocks,
and crystalline schists of the Pre-Cambrisn), sedimentary rocks

of the Lower Palsozoc and traps.

Among relsted lnclusions which are, ss & whole not very
- common in Siberian kimberlite (with the exception of kimberlite
inclusions) lite peculisr greatly altered inclusions wlth por-
phyrite-like crystalline pyropes ere found ln individuel sectlons
of the pipe "Mir".  Evidently they have formed from of the ultra-
baslc rocks (See Chapter LI). The inclusions of eclogite-like
rocks snd crystalline échlsts of' the Pre~Cambrian Ere which are
very comnon in the kimberlite of the Daaldyn District are rarely
found here. -
Anong foreign inclusions, carbonasceous rocks of the Ust
Kut formation as well es diabases strqngly predominate in this
area. Inclusions of ¢guartzite and other altered rock that cannot
be identified under field condltions are rare. Their quantity
is rather small end amounts to an average of sbout 5-10 percent
in comparison witnh the surrounding kimberlite.
Sedimentary rocks are formed of dolomites and merls. Their
fragménts are usually rounded and, less often, angular. Their

e
. slzes vary. irom only a few millimeters t6 10 to 16 centimeters.

kThere are also sligntly sltered or almost unaltered sedimentsry
rocks their origiﬁal structure having remained intact(fine ocolitic,
stromatolitic, etc. structure).. Sometimes & fine bluish-green
rim of metamorphic rock surrounds these fragments. In addition,
there are differences in chert. However, asctual contsct cherts
were not discovered by petrographic survey.

It is interesting that in the central section of the pipe
inclusions of argillaceous rocks alternate with sharp angular

argillite fragments, some of them washed down to clay and othefs
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very dense and with chert. These rocks bear a strong resemblance
to deposits of the Lower Jurassic period which may be found dir-

ectly in the vicinity of*the pipe. The slze of the visible part

of the xenolith is 1.5 by 1.3 meters/!

As a rmle Diasbase fragments have an aphsnitic texture or
other f{'ine textures. They are angular snd,occasionally, rounded.
The size of the fragments reaches 20 to 25 éentimeters in dismeter.
Large disbase rdcks were encoﬁntered, their size reaching 1.5 by
'0.35 meters. These rocks are almost not affected by kimberlite
magma. The kimberlite 1s somewhat harder around the inclusions
snd seems to be "soldered" to the inclusions.

Foreign inclusions are dlstribnted irregularly in the kim-
berlite mass. It should be pointed out thst, as a whole, the
greatest number of carbonaceous country rock was observed along
the peripheral parts of the pipe. Accumulutions of di.abase
fragments sre encounted in the contect sres and ln the center
of the pipe.

As already mentioned, the kimberlite pipe "#ir" tears
througgh the sedimentary rocks of the Usp Kut formetion formed
by smell oolitlc ergillaceous or sendy dolomites. The kimberlite
contact with the country rocks ls very conspicuous. The kimber-
lite reuches a thickness of three to five meters In the zone of
contact where it turns into a porous clayey mass. Ferric oxide
lends it an orsnge coloring. It is difficult to estimate'tﬁe
constrpction of this zone at greator depth sinée mining opersations
have penetrated into a depth of only two meters. Sedi@entary
rocks near the contect are slightly altered within a zone of two
to three meters; they gradually turn preenish-yellow in the vie-
inity of the kimberllte and are qohspicuously light near the con-
tact. Dolomite odlites harden and their structure changes,

For the time being, gt is the richest di amond-bearing
plpe. During prospecting and éurveying work diamonds woere dis-

covered directly in the pfimary rocks, i:6. in the kimberlite
(Fig. 7 & 8). .
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The age of the "¥ir" kimberlite pipe could not be deter-
mined 1f we based ourselves on the correlation between the kimber-
lite and the surrounding sedimentsry rocks since we would only
identify rocks of post Lower Ordovician age. Lowever, the occur-
ence of a great quantity of trap fragments in the kimberlite leads
to the essumptlon'pﬁat tne pipe originates with the post Permian
or even post Tridésic perifd since the intrustion of traprock
on this territory took place primarily in the Triassic -- lnes-
‘mnch &8 they teer throuch the deposits of the productive (Rl) and
and the tuff (Pp-T) formetlions.

It 1s impossible to determine the possible maximum age of
the kimbeflite pipe "#ir",since direct contacts with the Jurassic
deposits canndt be tracbd. At the same tlme, it should be noted
that the correlation of the rocxs of the Lower Jurassic with the
kimberllte pipe "Kollektivnaya", discovered in 1956 iIn the same
district, seems to indlcete thst the kimberlites formed in before
the Lower Jurassic Era. DR

It ls interesting thet the determination of the geoldglcsal
correlation between the Paleozoic end the iMesozolc rocks in the
site of thepipe "Hir" leads to importaﬁt conclusions ss to the
depth of erosion.

if we gssumed that the klmberlite formed ln the pré-Jurassic
or post-Permian perliod, the effect of erosion would be very ' deep
swnee the deposits of the productlve and tuff formations at the

" edge of the southeast border of the Tunguska Syncline sre not
very thin and could not have 100 to 150 meters in pre-Jurassic

times.

On the basis of Adata avallable we may state thest the eros-

ion" affected the pipe "Mir" at & maximum depth of sbout one hundred
meters and, probably, even less.
GEQLOGICAL OUTLINE OF THE DAALDYN REGION
The Daaldyn dismond-bearing region is located in the basin
of the Daaldyn River, a left tributary of the Markha River, on
the territory of the Olenek. Administrative district of the Yakutsk

ASSR.
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Ph&sico—geographically the area Lls 1oceted within the
boundaries of the Gentral Siberian elevation. In the north it
borders on the areg of the Vilp?}—Olenek watershed. The inclined
ondulated relief with numerous small benches at the slopes of
the mounds, due 1o the lithologic éecullaritics of the rocks

that form the basin of the Daaldyn River, 1s characterlstic of

the srea. Only in the west in the basins of the rivers Sytyican

and Alla-Uresh small truncated mesas of traprocks were observed.
structurslly, the Dasldyn district is located at the north
northeastern edpe of the Tunguskse Syncline. it borders in the
north on the southern slope of the Anabar iountain Range and 1s
assocle ted with the Viluyi-Tungusks zone of fractures. .

The geolo%ical structure of the paaldyn diamond-bearlng
region is comparativel simple (Figare 9). Carbonuceous rocks
of the Lower paleczolc period are Vny commor: and actually occupy
the entire territoyr. In several spots these deposlts are marked
by intrusions and trepdykes 8&s well as by kimberlite pipes.

The Lower Paleozolc deposits datlng from the Lower Ordovi-
cisn are divided in three seriles.

Series of bituminous limestone: formed by brown gnd dark-
gray thick and thin-bedded rocks with several layers of lime-~
stone conglomrates. ln the center, & peculiar layer of clotiled
argillacéous 1imestone (marl) wes found. In the urderlying part
of the series triloblte fauna was encount ered. somewnet further
down there are patches of dsrk brovwn limestons with abundeant bri—
1obite'fauna. The vlislble thickness of the deposits ig about
Ji0 meters.

The limestone conformsbly covers the underlylng rocxs

" and is very developed. Underlying 1nterquded yellowish and grey
limestone, calcareous sands, conglomrates and oolite limestone
occur commonly. Freguently, this layer is gsuperseded by facles
of mottled levels of red and rusty-colored fine argillaceo;s lime-

ato
stone, gray limestone and conglomrate.
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Fing vhite and yellowlsh pofous limestone occurs somé-
what highor; 1t forms charscterlétic blocks that resemble tomb-
stones on the surface of the slopes. 8till hiher 1t turns into
mobtled 1}mestone interbedded with coarse lsyers of limastone
sand light dolomite-like ngael 1imestone. This 1s topped ‘by
two layers of mottled limestone, the lower contesining rich tri-
10blue fauna. The total thickness of the limestone serles ranges

from 150 to 160 meters.

The upper part of the layer of Lower pPaleozoic deposits
conteins mostly dense fine-greined dolomites, greenish srglllescous
dolomite, [ine-grained yellowish limestone and colite dolomite
1iuestone. These rocks form thin strst thet are interbedded and
include lsyers of interstratitied conglomerates and algael dol-
omites. All these rocks =are jointed in & series of dolomlte
and limestone. The thickness of this series varies f[rom 30 to
110 meters.

The deposlts of the Lower Paleozoic are typically littoral

sediment s and in some parts lagoon sediments that were transportéd
to a shallow basin wherse they were exposed to di fferentiated
oselllations; as a result of these oscillations the individval
beds are thin and there 1s local faulting in the accumulation

of sediments as well as alteratlons in the rock facles.

The traprocks are formed of medlum and fihs-gralned
abhanitic olivine disbase. They are most common in the southwest
and west of the district in the basin of the Sytyken River and
the upper parts of the Merkha River. Blenket intrusions:z gredom—
inate over dykes. ~

Blenket intrusions form three layers: at 360 meters gbove
the ses Jlevel -~ the thicknoss amounts to ten meters, at 380 to
490 meters above the sea level -- 120 meters and at 550 to 650
meters -- 80 to 100 metera. The oubcrops of dyke traps are poor
because ol heavy overburden. ‘

| Trap intrusions are of Permisn-Triassic age by snelogy

with dther_districte of the éiberian platform. It shouidd, how-

ever, be emphaslzed that the site of the kimberlitk pipes is
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is located beyond the strip of the maximum occurrence of btraps.

Carbonaceous deposits of the Lower .Palsozoic run usually
slmost horizontel with a slight inclination in the southwest
toward the central part of the Tunguska Syncline.

A more detailed study of tectoncls reveals that the
entire lower series of bituminous limestone and the boggom of
the calcaveous serics of rocks ls disrvpted forming slight folds
of & width vsrying from two to three and up to 150 to 200 meters.
The inclination of thk wall varies from two to f'ive and up to
80 degrecs. The axes of the folds are, es a rule, aligned toward
the northwest and the north-northwest and less frequent in north-
eastern direction. In the upper part of the dolomite end calcar-
eous series larger and greater incllned folds wers observed which
result {rom the outcropping of merkers at various hypsometric
levels.

A numher of lsrge tectonic flssures were encountered in
the region, primsrily in northwestern direction. Soume kimber-
lite pipes {"Kroshka," "Leningradskaya," "Geophizicheskaya,"
and othors) are connscted wlth these [issures.

At seversl polnts in the watersheds a pattern of small
clefts that rvn northeast and northwest were noted. They are,

evidently, connected with young structures.

Geology of Kimberlite Pipes

Diamond-besring kximberlites form tubular bodies {pipes)
#hilch tear thrdugh the cerbonaceous series of rocks of the Lower
Peleozoic. These rocks were found only in one area in 195l
(pipe "Zarnitsa").

In the summer of 1955 teams 167 .and 20h of the Amakin
Expeditlon as well as some members of the.Eastern Geophysical
BExpeditlion discovered kimberlites in meny perts and on a large
territory of the Daaldyn District.

Strucéturslly thgse ximberlite flelds are probably gsgoc-

" isted with the deep fractures that merk & large'zone in the north-

west srea of the Narkha River where most faultlng occurs and

the effects of magma ere visible. This zone borders on the
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right bank of the Daaldyn River next to a pattern of small
rissures in the Ordovician series and lies within the boundaries
of the kimberlite pbodies found in this aresa. The {issures are

vigible on serial photographle s and have been dliscovered in the

course of surveying and megnitometric works.

A totsl number of 22 kimberllite plpes was discovered In
the Daaldyn region. 'Mining operations have not as yet penet-
rated into pipes tound through magnetic surveys.

The study of the kimberlite pipss was belng conducted dur-

ing their discovery in the course of surveys. It poes without
saying, therefore, thet they have not been studied equally well.
For the time being, the klmberlite pipe "Zarnltsaf hes been in-
vegtigabed more Or less thoroughly. #ining operatlions ponétrated

into o depth of ten to 12 meters. Some materlal was gathered

on the pipes "UJdachnaya," "Leningradskaya,"” Wisolodezhynaya, "
"DolgOzhdannaya," end "palnaya," by @ me twork of prospecting
plts and (renches st a depth of 2.5 to three wcters. The pipes
1poliarnaya,"” tgalintka," tgogednaya,"” "Ogennays, " ngytykam,"
"Ze\gadochnaya,;l and "Hevidimeys,” have been hardly studled with
only and individual mining operatlions that penetrated into a
depth of one bto two meters.

The sbove kimberlite pipes are located on & large terri-

tory (in an eree of sbout 2% by 60 square kilometers) with well

mer<ed outlines of the kimberlite flelds.

Kimberlite pipes vary In different sizes. Their diameters’

vary from LO to 50 meters {pipe "paliutka®) end reach 600 meters
{pipe "Zarnitsa"). The pipes are usuelly rounded or gomewhat
elongated, frequently the outlines sre blzarre.

The plpes that have been.discovered so far are located
in watersheds, along slopes and in river beds. They are hardly
vislble. It 1is impossible to dlscoﬁer tne pipe through aeri#l
photography'and only very rarely can their outlines be ldenti-
fied. Geopﬁysical investigsetions conducted in 1955 in the Dagldyn
dlamond-bearing region rave produced very favorable resalts in

the discovery of imberlite pipes.
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Below is a short descriptlion of the kimberlite plpes

locuted in the area.

Pipe "Zarnltsa"

npernltsa® was the flrst plpe discovered in August 1954
_in the Daaldyn region during prospect operetions for pyropes.
It ls located on the flat turfy surface of a watershed between
two small streams that flow into the Daaldyn River.

The size. of the plpe is 573 by 532 meters. 'The xirberlite
pipe has dhe shape of en lsometric body (Figure 10). The relief
of the pipe 1g invisible, it simply follows the elevated horizontal
prof'ile of the watershed.

As a result of harsh dllﬁatic conditions the surface of
the kimberlites is hardly altered. No weathering zones of "yellow
and blue soil" which are cheracteristic of Soutn African pipes
heve been observed hsre.

The basic erosion was brought about by frosts that con-
tributed to the dlsintegrstion of the dense material of the pipe.
The eluvlisl zone ls l-5 meters thick. It covers heard, monolith
kinberlite.

The eluvium shows a few markers under a cover of moss and
soill with en acdmixture of loam, gravel snd eluvial material of
the klmberlite, there is a bed of loam and gravel half a meter
thick. It is interbedded witn grave} and detritus fobmations
that are up to one meter thiék. The se formations are underlailn
by smell and large eluvial conglomerstes Lhe size of individual
vnits reaching hglf a meter. Graduslly they change into monolith
klaoerlite. The eluvial matérial is firmly cemented by ice.

The ki erlite of the pipe "Zarnltsa" represents s rather

hard greenish or blulsh-grsy carbonaceous rock. There are numer-
ous external incluslons of different shapes and sizes whicih in
certaln sreas smount to over 50 percent'of the total volume of
rocks o that tﬁe «imberlite resembles vukcanic tuffobreccia.

The kimberlite may be classified into five groups:
First: the predominat variety here is greatly weathéred light

greenish-gray and sl}ghtly ferrigghoué.kimberlite which gontainsf 
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a maximum of Solpercent foreign fragments (Figure 11);

Second: this variety is very dense compact kiwberlite with a

i, TR AT

great quantity of yellowish-preen grains of pseudomorph of ser-

e

5 st

pentine efter olivine, shot through with ‘greins of Llmenite and
pyropes and micaceous laminae. The color of the kimberlite ls

greenish-gray. Fragments amount to about 60 percent.

Mg A

Third: this variety is formed of hard, coarse breccis, a fresh

ey o et

fracture 1s deep dray, slightly carbbnaceousvkimber;ite,‘the
contents of fragmnents 60 to 70 percent.

Fourth: very hard, compect light blue or green kisberlite with
small fragments (uvp to 30 rercent) of othner rocks.

Pifth: hard small fractured yellowlish-brown kinberlite impreg-
nated with ferric oxide.

The basic body of the pipe conslsts of the flrst and
second variéty of kimberlite. So far, no correlation has been
ostablished between the two. The third varisty ls assoclated
with the outer borders of the pipe forming & semicircle thet
expands from the north, northeast to the southeasﬁ. The fourth
variety 1s found in one section only at the eastern border of
the pipe. The fifth variety of the kimberlite was encountered
only st a depth of six to ten meters in Prospecting th No.1l5.
It is a 30 ceatimeters thick vein-llke body that cuts through
the herd greenlsh-blue kimberlite of the fourth variety. The
vein expands &t 50 to 60 degrees in the northeast and dips at
80 degrees in the southeast. ‘

The kimberllite boﬁy is ciaracterized by cosrse fractur-
ing. It dividés the monolith rock into large sngnlar carbonaceous
blocks. Two patterns of joilnts without any unifora direction '
wers d)servéd among fractures. One pattern of -Joints dips in
the northwest at 320 to 328 degrees at an angievof 70 t; 7l
degrees; the other jolnts sre less pronounced, they have a

northeastern 70 degrees dbp at an angle of about 50 degrees.
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The slickensides aré well developed.along the [1ssures;

they ere accompanled by breccia and shele. Mbst'grequently the .
aslickensides are observed in the ;djacent zones of the pipe as
well s in the kimberlite and in carbonaceous surrcunding;rocka.
Freouently, peculisr ball-like jolnping chteracteristic of
individusl kimberlite varieéies were observed. _The dlaméter
of these ball-sheped foruiations reaclkes one to one and a halfl
meters; they easiiy rfall apart into large pleces.
ﬁlcrofracturing i1s characteristic of kimberlite so that

this rock easily crumbles during the process of theawing.

Surveys rovealed that evidently the essentlial fracturling
which serves as #n excellent feoder for hydrothermel solutions
is connectéd with faulting in the pipe that ls overburdened by
slickensides.

Probably the deep alterantion of kimberlite manifested

in intense carbonlzation, complete serpentinization of olivine

and, partially, ol the basic mass, ls connected with these sol-
utions. In some sreas small druses of crystalline calclte and
accumulations of magnetite were encountered. Investigations of
the contsct of surrounding rocks revgaled‘that in some sectlons
the dip of the contact surface ls directed towsrd the center of
the pipe at an engle of 50 to 70 degrees; occasionally some up-
heaved stratum of the surrounding rocks are notiggable.

As a rule, the rock ls greatiy‘weathered in the zone Qf
contact whére the thickﬂess of the greatly altered klmberlite
reaches one to ohe and a half meter. Abundent deep-red form-
ations of ferric oxide asnd intense carbonization of the kimber-v
lite were perceived. Limestone and clay shale are somewhat
harder at the contact with the kiaberlite, and;, are evidently,
at least partiallf recrystalllized. -

Great quentities of xenoliths of ‘sedimentary rocks formed
by different kinds of limestone, dolomlte and argilllte are

1

common in the kimberlite. The size of the inclusions varies

from s fraction of a millimeter to 0.5 meters. 1t was established
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tha£ the increase 1n the slze ofithe xenolity of sedlmentary
rocks as well as thelr quantity is associated with tne ar?as
thar border on the plpe. The large inclusions of light-yellow
and yellow llmestone have a dlameter of up to 1.5 meter ("floate
ing reefs"). Limestons inclusions aro, ususlly, rounded while
dolomite ond arglllite 1s more «frequently present in the form

of flat angular fragments.

In the xenoliths of limestone and srgillite rich fauna
of brachiopods, gastropods, corsls, trilobites, etc. is present
(Figure 12). But the preatest quantlty of fauna was found in
light coffoe-colored limestone and green arglllite where entire

.sections conglst of braschiopods. Rich fauna composed of brach-

iopods and gsstropods fllled the xenolity of deep-gray bituminous
limestone. This fauna has been excellently preserved. It is
interesting to note that amongyvarlous specles charascteristic
of the Ordovician, Llandoverian fauna was detedted. lovever,
the deposits of this fauna were complctely washed away on this
partlcular territory.

Along wlth sedimentary rocks, xenoliths of metamorphic
rocks comsonly occur in the kimberlite of the pipe "Zernitsa."
As a rule, they heve a smooth rounded surface and sometimes re-
semble rolled pebbles. The form of tis xenoliths varies: they
are flat, elongated, ball-shaped, etc. The size ranges from 1
to 1-15 centimeters. Usvally, the xenoliths are surrqun&ed by -
a dense deep-~green chlorite serpentinous halo snd can be éasily
"shelled," similer to nuts. Deep-green and light crystalline
schists occur commonly.  Also f{requently préseﬁt ‘sre garnet-like
‘(pyrope;benring) crystalline schiists with excellently marked
banding cavused by the interbedding of layers bearing rich garnet.
lore frequent are light kaolinized eclogites angd somewnat less

common are darker very resistant eclogltes.

Ilemite is the most -couwmon mineral in the kimberlite along

with rounded grains of pyrope, their size resding one centimeter;
less often are laminae of biotite up to one centimeter large and

egg-sheped yellowisgh green entirely serpentinous olivine two.to
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three millimeters large; chromium diopside is extremely rare.

Pipe "Nevidimks"

This plpe was dlscovered by magnetic survey in July 1955.

The pipe ls sbout 250 by 150 meters. It expands in southwestern

b e IR S A

direction end has uneven winding outlined. In an eluvial layer,

at a depth of 2.5 meters, small fragnents of kimberlite were dis:

et T KA B

coYored. Lsrger pleces were found in the bed of the Yaki River
that has been Qashing away thé pipe. Under Lhe mlcroscope the
kimberlites of the pipe "Hevidimka" strongly reseubles the rooks
of the plpe "Zarnitsa". They are farmed by light gresenlsh-gray
and highly carbonized kimberllte breccia. There are LO to 60
per cent fragments.

In addition to inclusions of sedimentary rocks many round-

ed xenoliths of crystalline shele are encountered including

pyrope-bearing xenollths. A great qusntity of grains of pyrope

and ilmenite was found as well as brown micsceous lanminae.

The cementlng mass of the rock amounts to L0 - 60 percent and

is composed of strongly carbonized green and gray serpentine

material. The heavy fraction of the schlich basically consists

of ilmenlte and pyrope with the greains varying in color and size.
Gonsldering the sdmilerity between the wimberlite of

these plpes &nd their locetlon we may assume that they are

linxed deep within the earth by a common channsel.

-

Pipe "Maliutka"

This pipe was discovered in- Mat 1955 in the process of
soarching for pyropes. The discovery was conflrmed eventually
by magnetic surveys. The size of the pipe is about 50 by 70

meters. It is somewhat elongated with even slightly winding out-

lines. The pipe 1s submerged under deluvlial deposits of carbon-

aceous rocks of the Ordovician. The thickness of these rocks

reaches 1.5 meters.

The kimberlite of the pipe "Haliutka" consists of extreme-
1y close-grained light blue end gréenish greatly calcarous rock
including a grest quant}ty of rather lerge (from one to 10 centi-
meters) fragments of varlous sedimentary rocks (limestone,

argillite, etc.).

Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001800150007-5



Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001800150007-5

-29=-

Xenolliths amount to sbout 30 to L0 per cent of the total
rock with 60 to 70\per cent composed of a 1light blue and green
serpéntlnous‘cemenéing of chlorite mass. The heavy fraction of
achlich is primarily formed of small grains of pyrope, ilmenite
and magnetite. fhere are few signs that chromium diopside is
present.

Pipe "Sosgednaya"

This pipe is located southwest of the pilpe "saliutka".

It was found‘in September 1955 by megnetic survey. The slze of
the plpe i1s 120 by 80 meters.

On the surface  the pipe is overlaln by argillaceous deluvium
of carbonaceous rocks of the Paleozoicf It 1s two meters thick.
The kimberlites that £ill out the plpe cohsist‘of very close
grained, small, deep gray and comparatively weakly carbonated
breccla shot through wiﬁﬁ smail grains of pyrope and ilmenite,
light micaceous laminae as well as with large flat crystals of
chlorite. Xenoliths amount to about 60 per cent. Present are
rounded fragments of close-grained limestone, black micaceous
slate and pyrope-bearing rocks (in & cube test of the eluvium
one diamond crystal wes discovered).

Pipe "Dolgozhannaya"

The pipe was discovered through geophysicel research in
August 1955. Lts sizes: 220 by 220 metérs. It is rounded and
somewhat elongated st its northeast side. The pipe is located
on the slope of a mound end is overliaﬁ by a deluvial coat of
carbonaceous rocks that form a watershed. The thibkneés of the
delivium vaerles from 055 to 12. méter. The kimbeflite eluvium
is formed by kimberlite [ragments of a difﬂereﬁt size ranging
from quick loam end gravel and including f»agments ol 6.5 meter.

Under the microscope the kimberlites that £1i11 out the .
plipe cqnsist of close-grained grayish-brown or greenish-gray
strongly carbonsted small fragments of tuff and breceia. Various
xenoliths amout to 70 per cent'of the total volume of the rock
and the brownlsh or greanish grey cemenhing carbaceous serpent-

inous mass amounts to a mere. 30 per cent. Sedimentary rocks of

gray, deep gray and gre%ﬁish limestone, calcareous cong}omerate,

S
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slate and other pocks ‘predomlnate emong u great variety of inclu-
aions. The guantity of the xenoliths of sedimentary rocks in-

crease markedly near the contacts. An almost unchanged faunsa

of trilobites was discovered in the form of an inclusion directly
in the kimberlite.

In addition to inclusions of sedimentar rocks there are
1arge {up to Len centlmeters) inclusions of verious green and

black crystal schists found in the winberlltes (although they

are not very common)as well as minor inclusions of groatly

weathered pyrope-bearing metemorphic rock. All these xenoliths

are 0.3 to 30 - [}0 centimeters large; they are rounded, with a
smooth surface.

In addition to xenoliths of different rocks perfectly
rounded grains of pyrope 8re disseminated throughout the kimber-

1ite. They sre usually bloody red or violet. There are also

small fragments of jimenite which appesr to be "welded".

The mass of schlich of the yimberlite eluvium conslsts
primarily of large gralns of pyrope (up to three millimeters).
ilmenite and magnetite. Lesg common are chromite, green pyroxene,
small grains of olivine and other mineréls.

In the contact zones between the kimberlite and the surround-
ing rocks ferruginous deposits are found. In some psrts the kimber-

1ite is highly carbenaceous. Excellent slickensides are ob-

served on kimberlites and sedimentary rocks. Hydrothermal phen-
omena are only slightly pronounced in the:klmberlites. As a rule,
megnetite fills the hollows and cracks. It 1is found here in the
form of crystals or &n unbroken reniform meass while calclte is
present in the form of crystsals and variegsted sinters.

Pipe nfeningradskaya”

This pipe was discovered through geophysical survey in
Augu st 1955. On the surface the pipe is overlain by a blenket
of argillaceous deluvial sedimentation composed of fragments of

carbenaceous rock of the Ordoviclan with a thickness of 1.5 .t0
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slate and other rocks predomlnate among & great variéty of lnclu-
sions. The guantity of the xenoliths of sedimentary rocks in-

crease markedly near the contacts. An almost unchanged fauna

of triloblites was dlscovered in the foram of an inclusion directly
in the kimberlite.

In addition to inclusions of sedimentar rocks there are
1arge (up to len centimeters) inclusions of vérious green and
black crystal schists found in the kimberlltes (although they
are not very common)as well as minor inclusions of greatly

weathered pyrope-bearing metemorphic rock. All these xenoliths

are 0.3 to 30 - }j0 centimeters 18rge; they are rounded, with a
smooth surface. '

In addition to xenoliths of different rocks perfectly
rounded grains of pyrope are disseminated throughout the kimber-
1ite. They sre usually bloody red or violet. Thefe are also
small fragments of ilmendte which appesr to be "welded".

The mass of schllch of the kimberlite eluvium conglsts
primarily of large grsins of pyrope {(up to three millimeters).

ilmenite and magnetite. Less common are chromite, green pyroxene,

small grains of olivine and other minerals.

In the contact zones between the kimberlite and the surround-

ing rocks ferruginous deposits are found. In some parts the kimber-
1ite is highly carbenaceous. Excellent slickensides are ob-

served on kimberlitesdand sedimentary rocks. Hydrothermal pﬁen-
omena are only slightly pronounced in the kimberlites. As & rule;
magnetite fills the hollows and cracks. Lt 1s fouﬁd here in fhe

form of crystals or an unbroken reniform mess while calcite is

present in the form of crystels and variegated sinters.

Pipe "peningradskaya"
This pipe was discovered through geophysical survey in
August 1955. On the surface the pipe ls overlain by s blanket
of argillaceous dsluvial sedimentation composed of fragments of

carbenaceous rock of the Ordoviclsn with a thickness of 1.5 to




assified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001800150007-5

. __31’_

1.7 meter. Magnetic gurvey shows thet the pipe is somewhat
elongated expanding from west to east. Size 520 by 350 meters.

Presumably, the kimberllte pipe tears through & rather
thick dlabase dyke that runs northeast intruding rocks of the
Lower Paleozoic. Unfortunstely, 1t hes nét been possible so fa?
to esbablish the contact zone petween the kimberlite snd the
diabase.

The kimberlite that fills out the pipe is forméd by dense
highl& carbonaceous rock in the form of small tuff-like vliolet
and brown {ragments. The fraguents in the rocﬁ a&ounc to 86 to
90 per cent and only ten per cent conslsts of cemented carbon

snd serpentine. The slze of the fragments is usually one to one

e

and a helf centimeters and less freguent two to five centimeters.

DA A

.“Phe basic mass of incluslons is formed of sedimentary rocks of

2NN

various limestones dolomites clay shales etc. Brachiopod fauna

PREes

is present ln the xenoliths of gray bi tuminous limestone. The
xenoliths of sedimentery rock are depressed and, occasionally,
perfectly rounded xenoliths are encountered.

Xenoliths of dark crystal shale are considerably less
freguent in the ximberlite breccia. Also rare are small xenolithns
of pyrope-bearlng roo« and xenollths of dense deep~gray diabese

formed of medium grains.

“he cementing mass of the rock contains.yollowlsh—green
serpentine pseudomorph after ollivine, rounded grains of ilmenite,
that ere up to one centimeter lsrge and dmffarent-colored graiﬁs
of- pyrope as well as rare crystals pf phlogopite. In the vicin-
ity of the contacts hydrothermal magnetite daposibs were observed
and differently shaped varigeted crystals of calcite were found
in hollows and.cracks. The massive group of schlich composed

of smell kimberlite eluvium contains mostly ilemite and some

pyrope and magnetite. Individual grains of bright green chrom-

jum diopside are present.

pipe "Nolodezhnaya'

It ls located at a distance of one itilometer [rom the
pipe "Leningrads’aya It was found by magnetic survey slmul-

teneously with the pipe "Lanlngradsxaya.
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Its size is 160 by 180 meters. It is elongated in the
‘weét and has even but occasionally broken outlines. Under a
blanket of argillaceous deluvium of rocks of the Paleozoic kim-

berlite eluvium wes detected at a depth of 0.3 to 1 meter. An

oxidized contact zone of kimberlite and limestone surrounding

the plpe was discovered.

In regard to form and composition the kimberlite is very

elmilar to the kimbeprlite of the pipe "Leningradskaya." Gener-

SRR P a T B R S T
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ally it 1s present in the form of dense small fregments of dark
greenlish-pgray kimberlite tuff. - Various xenollths asmout to 60

per cent of the total volume of the rock. The difference between

SEEFE

the kimberlite of the two pilpes is that the kimberllite of tiol-

odezhnaya" contains much less crystal sg¢hists, end herdly eny

pyrope. However, very common here is large ilmenite with a size

S BTN A

of up to four centimeters. As a whole, the rocks are highly

PP

carbonaceous. [xcellent deposits of calcite crystals are found
frequently in oracksaaﬁd hollows. Occasionally, pronounced
mineralization takes place as a result of the segregation of a
uniform mass of magnetite.

The above mentloned pipes "Dolgozhdannaya," "Leningrad-

skaya," and "Molodezhnaya" are located on the same level, in
almost latitudinsal direction.

Pipe "Dalnays"

Iﬁ #was encountered during schlich testing for pyropes.
According t§ the magnetic survey it 1s en ilsometric body with
slipghtly winding outlines; The slze of the.pipe is 300 by 340
meters. Under a blanket of deluvliel sedilmentation of 1.5 to two
meters greenish-brown finerggained kimberlite eluvium was encoun-
tered with a large quahtity of fragments of eclogite-like rock,

crystal schists, sedimentary rock znd many large rounded fragments

of llmenite {from two to three centimeters) as well as varlegated

pyrope.® The kimberlite is formed of a very dense greenish-brown
(oxidized) highly cslcareous veariety and contains up to 60 per

cent xenoliths of verious rocks and minerals.

® Crystalé of light green unéhanqu olivine are common in
alluvium, . . . B .
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Pipe "Udachnaysa"

It was encountered in Jline 1955 during schlich tests for
pyropes.

The pipe "Udachnaya" is located on the left bank of the
Daaldyn River in a field of sedimentasry rocks of the Lower Pal-
eozolc. It 1s shown on the msp as en oval body with a bulga'in
the western part. The size of the pipe is 750 by-300 meters.
The pipe is inclined in the southwest and is treced by bores
which reach a depth of 200 meters under the surface. Bituminous
limestone and dolomite with -stratifications of silststone constitute
the surrounding rocks. .

The kimberlite that rills out the pipe "Udachnaye" is

formed of two varietlesL 1)'kimberlite breccla, llight-gray and

greenish-grsy; 2) basalt-lire deep green kimberlite with soms
breccia.

The western part of the plpe is formed of klmberlite breccis.
It i1s charscterized by a great quantity of [ragnents essentislly
consistlng of various kinds of limestone; common are xenoliths
of mstamorphdc rock of Pre-Cambrlan sge (biotlie and fedlspar
anortnogsite-like rock, pyroxene-feldspar end garnet gnelss, micac-
eous slate, granelite snd eclqglte). The cemsenting mass of breccia
contains grest quantities of élasplé‘ilmenite, garnet, magnetite,
phlopopite, chromium diopside and changed olivline. ‘

The eastern pert of the plpe le formed of baéélt~like
kimberlite. It 1s e dark gray-green rock with a small quantity

of clastic material end breccla. The cementing mass is charac-

terized by the predominace of chlorite and sérpenbine over car-

boneste; gralns of olivine are only partislly serpentinous; less
pyrope ls present h@re then in breccia.

The central part of the pipe "Udachnaya" 1is composed of
a great quantity of breccla and weethered kimberlite that form
a strip of a width that varies from 100 toAlhO meters. This‘strip
divides the abéve mentioned kimberlite varieties. In the kimber-
lite of this zone @ grest number oﬁ‘slicken—sides were observed

as well asg highly ferrugious patches. The zone of the eroded
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kimberlite ,resembles the contact zone in the way the character’
of the rocks has changed since in the contact zone the klmberlite
is also formed of hlghly brecciated, carbonaceous and ferruginous
deposits. .

The above pecullarities in the constructlon of the pipe
"Udechnaya" 1ndica€e that the pipe has been filled out at least
in two different ways. Thls essumption is corroborated by the
difference between the content of diamonds in the kimberlite
Breccia and in the basaltold kimberlite.

The upper bed of the pipe ls composed of rubble and kim-
berlite conglomerate cenented by ice. The rubble and conglomerate
bed 1s overlain by eluvial and deluvial formetions thelr thickness
reaching up to two and a half meters. These.formutlons consist
of argillaceous soil with pravel snd kimberlite rubble as well
as a great‘number of apophyses and ice lenses.

The pipe "Udachnaya® is the richest diamond-bearing pipe
of the Daaldyn Dlstrict.

Pipe "Sytykansksya"

Discovered In August 1955 during schlich tests for pyropes.
The sizk of the pipe is 150 b& 100 meters. It tears through
carbonsceous rock of the Lower Paleozolic and is located st a dis-
tance of ten meters from the borders of a slll of olivine diabase.
The grestest part of the pipe is overla}n by deluvial argillaceous
limestone and large diabasge conglomerate. It was established

through mining that the pipe does not border on diabase.

The kimberlite brececla that fills out the pipe is greatly
weathered. IY¥ consists of highly carbonaceous rock. Its cement-

ing mass containsg a great number of phlogoplte pherocrysts;. their

size regches up to one end a hall centlmeters. Only the quantity
of pseudomorphs after olivine exceeds that of phenocrysts of mica.
There is & considerable quantity of 1lmenite and varlegatbd
rounded grains of pyr&pel There is almost né csloite, so char-
acteristic of Dasldyn kimbeérlite. ‘There ls sn iﬁsignificant quan-
tity of foreign inclusions, primarily formed of limestone,
argillites and caléareous sinters. A rounded xenolith of yelloﬁ

quartzite was encountered. It reminds of quartzite in conglo -
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merates of approximetely Permian age that are common in the Sytykan-
Markha watershed. As a rule, rounded Tragments of micaceous
slate and eclogite form other xenoliths here. One Xenolity of
deep gray dlabase was dilscovered.

Even rather §uperficia1 research revealted that, evidently,
the pipe "Sytykanskaya" belongs to the group of pipes in this
district that aré rich in dismonds.

Pipe "Zagsdochnaya"

Discovered in August 1955 by schlich tests for pyropes.
Field research established two spot~-like areas (contours) -- the
presumed locatlon of the plpe. These areas reveal that kimber-
lite eluvium is present, They are located at o distence of 1/,0
to 150 meters from ecach other, the size of one of them is Lo by
50 moters,of the other 50 by 70 meters. In the top layers the
the eluvium of thls pipe consists &r "green s0il" -- & product
created by considersble (ragmentation of kimberlite that diisting-
ulshes this pipe from the others in this district where the zone
of "green" or "blueﬁ s0ll cennot be idéentilied among the basic
loam and grével top layer of fragmental kimberlite.

The "green soil" of this pipe is, actvally heavy light-
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green loam that includes rounded grains of pyrope whlch can bel
easily detected by'the unelided sye and s great quantity of large
(up to haif 2 centimeter) grains ol chromium diopslide which is
another characteristic feature of this particular pipe in the
Dealdyn reglon, There 15 & vlsible quentity of scele of brown
apd {ndividusl fragments of limestode, micaceous slate and othor
rockt. Sllghtly rounded fragments of surrounding limestone of
the Lower Ondoviéian are present.

Unde? the "green soil™ there ls an oluvium layer of kimber-
lite gravel and rubble. The kimberlite of the pipe "Zagadochnaya"
1s a dense light green rock. Its xenoliths are formed by numer-
ous light gray, gray and yellowish limestones in wﬁich frachopoid
fauna is rather common while trilobites are encountered only
occaslonally. The fregments-are usually rounded, their size varles

from one to five centimeter.
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Metamorphic rock is common. Its fragments are rounded
and do not exceed flve to slx centimeters in diameter. Mostly
they consist of almost black crystsl schists, blotite, garnet
slate and pyrope whilch can be easily detocted by the unaided

eye and a great qusntlty of large (up to half a centimeter)

grains of chromium diopside which is another choracterlstlc feuwture
of this partlculér pipe in the Daaldyn reglon. There is a vise
ible quantity of scales of brown mics and individuaf fragments

of limestons, micaceous slate and other rock. Slightly rounded
fragments of surrounding limestone of the Lower Ordovician are
present. _

Under the "green soil" there is an eluvium layer of kim=-
berlite gravel end rubble. The kimberlite of the pipe "Zagad-
ochnaya" is a dense light green rock.. Its xenoliths are formed
by numerous light grey, gray and yellowlsh limestones in which
brachopoid Tauna is rather common while trllobites are encount-
ered only occasionally. The fragments areusually rounded,
thelir size varies from one to flve centimeters and rarely resach
twenty centimeter.

Metamorphic rock 1s common. Its fragments are rounded
and do not exceed five to six centimeters in dismeter. Méstly
they consist of almost black crystal schists, bilotite, garnet
slate-and pyrope-bearing rock. Xenoliths of d{abgse were observed
smong magma rock. Most incluslons ere “"clad" in a green chlorite
"ecoat", its thickness fanging from one to three millimetérs.

Pipe "Osenniaya"

Discovered in September 1955 in the course of'magnitometric

research.- The size of tﬁe piﬁe is 120 by 80 meters. It ls lso-
metric with bizarrely winding outlines. The pipe is bverla;n

by a deluvium cosat of Péleozoic depoéits, Theilr thidkness reaches
up to 1 to 1.5 meter. Thé alluvium of the pipe is formed by
markedly ferruginous‘gréenish-gray kimberlite with incluslons of
rounded dark and light fragménbal pyrope;bearing rock, micaceous

. slate and a great nuitber of various sedlmentary. rocks. The massive

part of eluvium schlich is primarlly. formed of'pxnope;aﬁd‘11EQnite.
. ) . o I .

.
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Pipe “Péliarnaya"

Discovered in July 1955 by magnetic survey. The sgize of
the pipe is 100 by 100 meters. Its shape is almost isometric.
The kimberlite ls embedded almost directly under a bed of moss.
1t 1s formed of very light, slightly prayish and occesionally
brown completely carbonaceous rock in which thq cementing mater-
ial amounts to Y5 per cent of the total volume of the rock. As
a rule, the small fragments of sedimentary rock do not exceed
five per cent of the total volume. The massive part of the sch-
lich contains very few small-grained ilmenites,and, rarely,
grains of pyrope. These minerals are not visible to the eye in

the rock.

X

Summing up the results of field research conduected on
the kimberlite varleties that fill out the pipes of the Daaldyn
region 1t may be concluded that they differ in color, texture
and size gs well as in the composition and quantity of xenoliths
and the degree of carbonatization of the cementing mass and the
fragments. The sineraloglecal composition of the massive psrt
of schlich from the eluvium of the different pilpes also varies.

The kimberlite of the plpe "Hir" in the reglon of the
Mala&a Batuoblys River differs greatly from the kimberlite of
the Daaldyn reglon. iirst of all, the kimberlite of the pipe
"Mir" 1s much darker. This is caused bf the presence of chlorite
and serpentine and the sllght carbonization as well as by an
almost complete absence of crystal schists. There are also some
minaralogicai differences such as the considerable occurrence
of chlbrite in the kimberlite of phe Malaya Batﬁobiya area, a
greater uniformitﬁ in the colors of garnet, a.low content of il-
menite, ete. -But thege differences are only obviods by wéy of
comparing’ the kimberlite of the plpe "#ir" with that of the plpe

"Zarnitsa."

Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001800150007-5



Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001800150007-5

~-38-

In most plpes olivine is completely serpentinous. How-
ever, in the pipe "Dalnaya" & great number of unchanged olivine

has been encountered in the duvium -of the kimberlite. This shows

e R T A A AT T

that the zone of serpentinization ends at a depth tiat vesries
for each plpe. Geophysical data on the low specific gravity of

the kimberllte of several pipes testify to the fact that the

PR AT

zone of serpentization is rather deep.
As slready noted the kimberlites of the Dasldyn reglon
teers through the sedimentary rock of the Lower Paleozoic and
through traprock (pipe "Lonfngraﬁskaya"). This, it may be
assumed safely that the kimberlites of the Daaldyn reglon are
also ol post-Permlan age simllar to those of the Halaya Batuobiya
. reglon. The age of the kimberlites can be indisputably established
only after their correlation with the Jurassle rocks of the
Melay Batuobiya District will be clerified since these deposits
sre not present in the Daaldyn region.

FPigures 13 and 1li show the shepes and sizes of the kimber-

A3 SRS o

lites that fil1l out the pipes of the Vilyui Basin as compared

o,

g

with Africen rimberlite. .
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PETROGRAPHY OF SIBERIAN KIMBERLITES®

Just like the kimberlites of Africa.Siberien kimber-
lites consist of vulcanic breccia in the form of characteristic
plpe-like bodies. ‘Along with kimberlite this breccla 'ts formed
of different incluslons of igneous, metamorphic and sedimentary
rocks of varying origin (N. ﬁ. Sarsadskikh end L. A. Popugayeva,
19%5). PFor thst reason the petrographic report deals not only
with the iimberlites but also with the lnclusions that have been
encountered in these kimberlites.

Chapter one, dealt with the kimberlites ol the Daaldyn
(pipe "Zarnitsa," "Udachyane," "Maliutks," and "Polidernaya,")
and the ¥alays Batuoblya (pipe "Mir") Distrlicts.

The petrographic and minersl study of kimberlites is
rather difficult In view of the'considerable changes in the
rocks. These changes were brought about by the internsl and
external processes and the foreign intrusions of mineral which

can often hardly be distinguished from the components of the

kimberlite (V.S. Sobolev, 1959). 'The main rock-forming mineral
is olivine of whlch the kimberlite phenocrysts are composed
(semples were taken primerily from top beds). It is completely
serpentinous so that only the outlines of the pseudomorphs cean
be traced. The basic mass of rocks was even more sffected (ser-
.pentin.zation end carbonatization) gaxing it, occasions}ly, very
diificult to deternine the character of the cement ~- wheter it
is glways pyroclestic dr sometimes magmﬁtic 28 may be assumed
from the study of individual fragments of kimberlite in éhe kim-~
berlite rock. Regasrdlass of these changes, however, & detailsd
study lesds to & number of interesting discoveries in rega?d
to mineralogicel and structural'properties which &re described
below.

. The following rock-forming minerals were found by invesil—
gating the kimberlites: olivine (mostly in the fofm of pseudo-
morphs), phlogopite, sugite {in the form of pseudomorpbsié,llmenité,

XThe material concerned with the petrography and minerslogy of
of kimberlites was slaborated with V.S. Sobolev!s advice.
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' perovskite and apatite.

In addition to mlnerels that are characteristic of the
kimberlites many mineral {rsgments aré related xenoliths and
eclogite-like rocks (also those originally connected with the
formation of kimberlite magma) are present, such as: parnet-
pyrope, monocline pyroxene of the cromium diopside type and,
evidently, omphacite, enstatite (as a rule only in pseudomorphs),
spinel, chromite, disthene, corundum, rutlile and varlous minersals
contained in foreign inclusions. Among secondary mlnerals most

common are: serpentine, calcite, dolomite, chalcedony and zeo-

lite (7).

Fur thermnore, chapter two reports on ths petrography of
xenoliths in kimberlite plpes. To being with, the so-~called
relative xenolliths of ultrabasic rocks (porphyritic peridotites)
are described. They are not characteristic of Siberian klaber-

lite end have been found in the pipe "Mir" only where they are

D ek e o e s e et et it A

formed of rocks that have undergone such major alterations that
their .dentlification is unrelisble. Furthermore, the chapter
dwells on the numerous and interesting xenoliths of crystalline
schists. Also discussed are incluslons of ecloglte-lie rocks
and rich pyrope-bearing eclogites not known to have been present
in the formations of the Pre-Cambrian, es well &s typical crystal-
line schists of the Pre-Cambrian, primarily those known ss charno-
ckite sﬁhists wilth rhomboid pyroxene.

Since ecloéites snd eclogite-like rocks sre very common
in kimberlites throughout the world it may be assumed tﬁét’thsir.
genesis 1s linked with the origin of either tﬁe kimberlités or
thelr magma. At the same time, thers Ls no doubt that these
rocks are crystalline schistas.

Investigations of Siberian kimberlites led to intéresting
discoverles revealing pow hypersthens crystalline schists of
the Pre-Cambrian were gradually transformed into eclogite rocics.
This traﬁsformation islnown as the "garnetization" (eclopgization)

of crystalline schists.
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The paper contains a short petrographic review of dia- -
base xenoliths (Siberlan traps) and the xenoliths of gedimentery
rocks. Reference is made to the characteristics of the changes
that have taken place in the contact zons.

The chapter closes with a relatively short petrographic
report on Siberian kimberlites as compared to similar rocks in
South Africa.

I. PETPROGRAPHY OF KIMBERLITES
Kimberlites of the'Daaldyn District

The material available on the pipe "Zarnitsa" gserves as
the basis for the petrographlic description ol the kimberlites
in the Daaldyn District.

The plipe "Zarnitsa" is formed of breccia kimberlite 90

he L
R S

per cent of whlch consists of fragments and minerals and 10 per

L e

cent of a émnenting carbonaceous serpentine mags (Figure 15).
The texture of the rocks is fragmental and strongly rosembles
crystelloclastic texture since neither the fregments nor the

cementing mass reveal any traces of cataclastic processes.

I

The fragments consist of Lhe followlnp: & completely alt-

ered rock of the picriﬁe porphyrite type which ls natural kimbepr-

B A

lite, extremely fine end medium-grained limestones, serpentine-
chlorite and chlorite carbonaceous sheles es well as numberous
and 4l "feront crystalline schists.

There is a great quénbity of Crepgmental serpentinous
crystelline ollvines end a few rounded grainsg of pyrope, pitch-
blsck ilmenite, emerald-&reen chromium_di psideg magnetlite,
phlogopite, perovskite. end chlorite.

The basic cementing mass of kimberlite'breccia'is composed
of a fine-prained mixture of serpentine and carbonate.

The sizes of the fragments vary from 0.1 millimeters to
one centimeter, they are, usually, ore or less rounded or oval.
Uneven i'ractires heve smooth surfasces. Thé Lragments of gl tered
fimberlite (magma) are small (from 0.1 to 0.2 to 2.5 to 3 milli-
meters) and sre found in large queﬁtities than other Iregments,
but form only 35 to L0 per cent of the fragmental mass ang less

often L5 to 50 per cent.
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Plerite porphyrite (natural kimberlite) found in breccia
is cgmpletely altered. Basically it consists of carbpnate,ser-
‘pentine, secondary magnetite, ang acoessory minepaléq ({lmenite
and pervoskite), It can only be identifled by the primary relict
texture of the rocks.

Porphyitic texture microllth texture of the basic mass,
and fluid and ataxite structures are recopgnizable in the kimber-
lite. The altefed kimberlite is formed by two varieties, one
with and the other wlthout phlogoplte. The lstter.predomlnates.
This variety is characterized by the porphyritic texture and
congists of iarge Pseudomorphs of serpentine after olivine

(phenocrysts), and a basic mass or excesslvely fine-gruined car-

bonate, serpentine and pulverulent magnetite.

Pseudomoréhs of gerpentine after olivine form 20 to 35
per cent of the rock, the baslec mass 65 to 80 per cent, but these
figures fluctuate., The size of the pseudomorphs after olivine
veries from 0.5 to 1.2 to 1.5 millimeters.

The psesudomorphs after olivine are characteriged by well

pPreserved crystallographic forms. They are conposed of serpen-
tine (80 per cent), secondary magnetite‘(ls to 18 per cent) and
carbonate (five to seven per cent). These rigures are, however,
arbitrarily accepted but they are not precise since occasiqnally,
Tragnents of altered kimberlite are found with carbonate 88 the
meln inherent part of thé'pseudomoépﬁs after olivine.

There afe a few bseudomorphs composed of carbonates with
an octahedral cleavage that are, evi@ently; formed &ftervpyroxené.
mmThe—pseudoméﬁphs of.sefp;ntine are light~yellow with a
very low.birefrlngencé and sodietimes no intervsl can be detscted:
in the corssing-ﬂicol's pPrisms which leads to the assumption that

theltexture la gmorphous. ‘
The central sérpentineua Perpphéric part of the Pseudomorph
is composed of secondary magnetite sometimeﬁ in agssoclation with

carbonate.

The basic masg ig formed of 85 - 90 per cent corbonate,

five to.ten per cent pulverized magngtite end sbout five per cent

serpentine. The green and greenish-gray kimberlite breccia in
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the basic mass of the fragmental spokimborlite conteins a con-
siderable amount of light-green chlorite.

' Occesslonally, fragments of altered lkimberlite are lden-
tified. The baslc mass reveals excellently preserved relict fluid
structures. This 1s due to the fect that smsll pseudomorphs of
carbonate are formed after prismatic mlcrolith pyroxene.

Ilmenite and perovskite are frequently observed in the
altered kimberlite. Perovskite 1ls present in the foxm of fine

‘(0.0S - 0.8 millimeters) grains of square cleavage surrounded
by an opaque rim. Often, it develops in the form of small cry-
stals around grains of ilmenite.

Altered kimberllte with phlogopite 1s found somewhat less
often in the fragments. It ls a rock that strongly resembles
the above rock'with the dlfference, however, that phlogopite is
present, botﬁ in phenocrysts as well as in the basic mass
(Figure 16). Phlogopite-bearing kimberlite 1s, ss a rule, char-
acterized by a fluid structupe which is manifested in the for-
matlon of pseudomorphs after clivine, microllith phlogopite and
pseudomorphs of carbonute after microlith pyroxene thsat seems to
be "streamlined" along original phenocrysts of olivine.

Schigt-bearing kimberlltes with amygdules are rare. Amy~
gdules are present in great quantlties. They are oval, elongated
and sometimes very bizarrely shaped (Figure 17).

%mygdaloidal kimberlite contains pseudomorphs §f dispincbly
double-refracting serpentiné after xénocrysts of a minersl, the -
presence of which is tedstified by the wide reactlve.;im that is
filléd out with serpentine but has a different texture (Pigure 18).

) Charscteristic of the kimberlite ls the presence of ~
sharply sngular fragments of serpentine with an extremely low
birefringence which can be distinguished from tﬁe serpeﬁtlne that
forms the small pseudomorphs after olivine. Some of these frag-
ments still show crystallographic outlines which are charactexr~
istlc of olivine (Figure 19), These outlines lead to the con-
clusion-that the fragments used to be large phenocrysts of alt-

ered olivine that had formed at the first stage of the crystall-
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ization process of magma and that they had been homogenous
inclusions. Mostly, fragments of serpentine are found without
any trace of crystallographic form. Large (up to five milllimeters
and more) fraguents of sltered kimberlite, the central part of
which 1s composed of kimberlite without schist while in the per-
ipheral part a considerable amount of phlogoplte is recognizable,
are of great interest. The varlety of which the central section
conslsts chunwes gradually to the rock developed on the outside
of the fragments, with the number and size of schist leminae
decreasing towsrd the center while the basle mass 1s entriched
by pulverlzed magnetite.

The fluid relict structure is primerily found on the out-
side of the frapments and is masnifested ln a more orlleés orderly

dlsseminatlon of the pseudomorph of serpentline after the phen-

ocrysts of ollvine, pseudomorphs of carbonate after microllth
pyroxene and phlogopite lsiminae. The pseudomorphs run parsllel
to the edges of the Iragment. 'Thus, we may assume thet the frag-
ments were set free durlng the plastic flow and the subsequent
crystallization has spparently been accomplished either in the
process of movement or probably even while the fragnents turned
since they are mostly rounded or oval. liowever, after the rock
nardened the fregments were evidently, still on the move since

in some areas along the edmges of the fragments cut pseudomorphs
after olivine could be identified.

This formaetion was probably a result of the characteristic
broperties of the cry$taliization process. However, it should -
be gmphasized that no set pattern was observed in the formation
of many fragments. In the above mentioned fragments, for lnstahce,
pseudomorphs after phenocrystalline olivine, and microlith
pyroxene were often found primarily ontthe outside. Anotﬁer
fragment, however, has porphyritic texture and flu;d which is
more pronounced in its center. Sometimes the texture in the
center is analagous to that on the outslide in a fragment of

altered magma.
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Fragnénts of kimberlite of ataxitic appeacsnce were found;
the rock contains lrregularly shaped sections (or bands) which
are similar in composition but differ drastically in texture.

There are, for instance, the rfollowing three inter-
mittent sections in the rock:

1. Composed essentlally of pseudomorphs of serpent ine
after phenocrysts of olivine (up to 55 - 60 per cent) and of
the basic mass (0 per cent) in which microlith phlogopites and
pseudomorphs of carbonate sfter microlith of pyroxene are essily
recognizable.

2. Composed of small and rare psoudomorphslof serpen-
tine after olivine (25 por cent), large fragments of llmestone
(30 per cent) and & disintesrated basic mass without phlogopite
end microlite (IS per cent). It ig possible thut the growth of
phenocrysts end microlity pyroxene has impeded inclusions of
nunerous limestones.

3. This section is characterized by a small number of
pseudomorphs after ollvine (15 to 20 per cent), an absence of
microxenoliths of fore:gn rocks and a less crystallized, dis-
integrated, ligher basic mass.

The sections change e¢raduslly,but occaslonally, boundaries
are well marked. Larmer fragnents show that sltered kimberlite
sometimes contains a grest éuantity of microxenoliths of foreign
rocks klimestone, chlorite-serpentine—calcareods @icroschists)
and fragments of youns r rocks with porphyric texture but with
a sllgﬁtly different compogition and Lexture of the basic mass.

Figure 20, for instance, shows that the fragment is in-
cluded in second generation altered kimberlite that was only
occaslionally preserved in the form of & halo. This halo is also
inhérent part of the fragment.

_First generstion altered kimberlite which includes>f§sg-
ments of iimestone and serpentinous olivine, is composed.ofl
pseudomorphs after olivine and.& basic msss that is formed by

an ageregate of carbonate and serpentine. A conasidersble quanticy
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of serpentine is present smounting to 30 - 35 per cent of the
basic mass. This is actually one of the diffsrences that dls~
tingulsh it from second generation kimberlite. The basic mass
contains a few small grains of perovskite surrounded by a dark
rim.

There is no evidence of u pelist mlerolith texture of
Tluid structre in altered first generation kimberlitesslight brown
schlsts is presené, evidently, phlegepite; the micpolith texture
of the basic mass has remalned intact,

In this varisty, psevdomorphs mf'ter phenocrysts of olivine,
micaceous leminae with even erystallogrephie contoups and small
pseudomorphs of carbonate efter microlith pyroxene e¢an easlly
be identified. ‘The prismatic form and the fluid di;trXbutlon
of microllite are perfectly well preserved.

Small angular intervals between microlites are fllleqd
with carbonste, extremely lmpure pulverized mineral. By way of
accessory minerals there ig perovskite in the form of smail grains
around ilmenite in this kimberlite es well as in the first gener-
stion kimbenlite..

Thus, the fact that fragments of altered kimberlite with

A eI e T T

a breccrated texture snd inclusions of other rocks are present
in the fianlly transformed kimberlite breccla, Ieads to the
assumptlon thst the formation of breccia hag taken place at dirf-
erent stages. A |

Very common in breccia are Tragnents of altered kimber-
lite with inclusiong of limestone. Tﬂe contact of both rocks
is cleafly marked. The surrounding altered magmarocks frequently
contain less and smeller phenocrysts -- pseudomorph of vlivine
and microlitesv-- Pseudomorph of pyroxene. They run in the dir-
eecblon of the ﬁaréllel contact. At some places there are traces
of magmatic roclk thst filled the cracks of the limestone and at
th9 contact microscopic loose limestone fragments were fopnd'sub—

merged under the disintegrated surrounding mass of magmatic rock,
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Sometimes, the breccia contalns smell fragments pre-

dominantly formed of phlogopites. Phlogopite laminae have no

unlférm dlrection. The space betweeon them Ls {1lled by magnetite
and carbonate. Phlogopite pleochroism rsnges from llgnt-yellow,
occasionelly brown-yellow for Hg to colorless for Np; Ng-Np =
0.030; 2 V 1s extremely small and negstive.

In addition, smsll f{reguents of bright-green chlorite are
found. They have & pronounced pleochrolsm ranging from a brighﬁ
green for Ng to colorless for Hp. Chlorite arielyses conducted
with a blowpipe revealed the presence of chromium which, evidently,
accounts for the color of this mineral.

As alread; mentioned the large fragments of kimberlite
are rare, there are sections-.ofibreccia composed only of pseudo-
morphs of serpentine and magnetite after crystalline olivine ‘
surrounded by an insigniflcant quantity of altered baslc mass
in the form of rims (Fipgure 21). Asva rule, these fragnents
(size: 0.3 to 0.5 millimeter) are rounded or ovsl and are sdjacent
although they do not alwsys touch closely upon each other. They
difi'er from sach other in the composition or texture of the basle
mess. The basic mass of one of the fragments, for instence, shows

' a predominance of amorphous microscopic grains of carbonate with
an insignifican content of pulverized magnetite, while magnotite
predominates grently in another fragment end still is another
phlogopites are present In the basfc mass. There ére also frag-
mehts with. a distlnctly fluid strqctre, etc. This proves that
they are not part of the primery rocks but stem from di}fgrent
areas. .

The engular space between fragments is filled with serpen-
tiné. Serpentine asccretes in the form of thin concentric crygf
tal fragments. The characteristic property of this serpentine s
8 distlnet birefringence, columnar texture and negative elongation.

'Non-bireﬂringenﬂ, evidently émorphous serpentine was ob-
served, in the central part between the plsnes of separation.

Sometimes, only crusts of columnar serpéntine was obgerved around
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tﬁe intervals while the intervals appeér to be hollow. For that -
“ reason the specific gravity of the altered klmberlite 1s greatly
decreased.

In addition to kimberlite fragments, the followlng minerals
were oncountered in the breccia fragments by mlceroscoplc research:
garnet, rutlle, perovskite, llmenite, magnetite,and,less,often,

; - chromium diopside.

The garnet is of a light pink color snd sometlmes color-
less or a light violet pink. Garnet that appeared green in day-
light and pink under electric llght wes found. Figure 2¢ shows
an interesting fragment of a garnet in altered kimberllite. ‘fhe
crystal part 1s destroyed and submerged under a serpentinous
cementing mess of breccia. Another part 1s enclosed iln the pri-
asry surrounding kimberlite and is surrounded by a reective rim
of fine columnar brown serpentine. The width of the rlm is 0.15
millimeters. In one spot runtile wes found in assoclation with
rarnet.

Perovskite is present in the form of fine grains with a
square cleavage in the bssic mass of k;mberllte end in the form
of gsmall fragments in the cement of breccla. Its grains are
surrounded by a blesck opaque rim.

lThe cementing mess of breccia is Formed of serpentine and
carbonate. However, it 1s impossible to establish the content

of these two minerals slthough the predominence ofserpentine

st -ioly e 0 e

is obvious. The sérpentine in the cementing mass ls similar to

the serpentine of wnich the fraguents in the breccia are formed.

ST ot ot N

Kimberlites of the Malaya-Batuobiys District
The kimberlites of this district were studied on the besis
of the pipe "Mir".
The microscopic kiimberlites of the pipe are représented
by two varieties: .
1. Sauell fragmental rocks which are frequently clearly
stratified and remind of typlcel tuff;

2. Large compact fragmental rocks, with a great quantity

of quartz in some areas, very similar ﬂo vulcanic tuffo-ercha.

o X
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‘fhe kimberlites are of various deep-green shades, thelp
color is much darker than that of the klmberlites of the Daaldyn
Distrlct.

The first variety of rocks is charecterized by & texture

of fine crystalloclastic fragments. The rocis are tormed by
large end small fragments of olivine phenocrysts (completely
substituted by serpentine and carbonate) that amount to 70 - 80

per cent of the mass, {'ragments of garnet-pyrope (up to 2- 3 per

cent) and & brown cementing mass (20 to 25 per cent) formed of
a carbonate and serpentine aggregate (Figure 23). Brown blotite
schists and blue-green chlorites are frequently encountered as
well as magnetites. Ilmenite, pervosxite, spinel and dlopsidé
are not cowmmon here.

Among fragments of forelgn matter the following are most

comaon: limestone, serpentine-chlorite and carbonaceous schigts,

guartzites oand diabases constltuting 3 - 5 per cent and sometlmes
even 10 per cent of the rocks. There are numberous fragnents
of sltered kimberlite of porphyritic texture.

The unusuelly large number of fragments of crystalline
olivine (pseudomorphs of serpentine after olivine) allows to
classifly this rock as kimberllte crystal loclastle tuff. The
size of the fragments of olivine crystals (pseudomorphs after
olivine) vary from 0.5 to 1-5 milllmeters. The fragments are

usually rounded, oval and irreguler in shepe.

lThe pseumorphs sre often meshed with the meshs formed
by polarized fine columnar serpentine while the nuclel of the
meshs are filled with carbonate. The lerged pseudo&orphs alter
olivine are surrounded by rims of carbonate. These rims do \
not surround the pseudomofphs after olivine completely. Usually
they sre found along the fracturing. Small pseudomorphs after
olivine hsve, ss & rule, crystallographic outlines snd sre pre-
dominantly composed of serpentine &nd less frequent of carbonate.

It should be emphasized that secondery magnetite is sub-

stltuted for olivins. It is abundant ln pseudomorphs of olivine

in the kimberlites of the Deeldyn District but has not been found

i)

Y ; R
Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001800150007-5




Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001800150007-5

-51- 5

Garnet is rather common in the form of largé (2.5 to S
mlllimeters) and fine (0.1 to 5 milllmeteﬁs) greins. Along with
gralns thet have a keiyphite rim, garnets without eny rim (Figure 2k)

are nlso found.

AR

The k@lyphitic rim that is sometimes up to.0.5 millimeters

e AT

wide (for large gralns) consists of a fine columnar mineral,
the inest columns of this mineral often run perpendicular to

the walls of the grains. A rim of minute laminae of chromium-

TN

bearing chlorite was encountered sround & kelyphilic rim.

Fragments of greins of garnet surrounded by a keliph-

RN A

S-a )

itic rim on one side only, are present which clearly testifies
that tﬁef are dlislocated. Occasionally chlorite isg substlituted
for garnet. The refraction'of the.garnet varies from 1.738 to
1.75h which indicates that it can be classified into the pyrope
series. It is intercsting that there.are no acicular inclusions
in the garnet which sre very characteristic of gsrnets in the
kimberlites of the Dasldyn District.
In the ialay Batuoblyae reglon only violet end red vsarie-
ties of pyrope are found. A fragnent of crystalline diopside
with NG = ho° is partly (around the edgeé) replaced by a rim
of carbonate. Individual areas of the kimberlite sre rich in
bluish-green chlirite that replaces brown mica. dicaceous
laminee are frequently gresitly deformed and even torn into
pleces. 0ccaslonally, the chlorite is so much lamlnaéed that
- large 1aminae-form a clwaﬁer of columns saturated with calclte.
Occasiona}ly, chlorite replaces biotite only partlally, as a

rule along the edges in the form of narrow bands and along cléav-
age cracks. The refraction of chloriGe: Nm = 1.583. The bluish-
green color of chidiorite is caused by the presence of chromium
(aceording to spectrum anglysis).

There are fragments of reddish-brown spinei, plcotite,
ilmenite end perovskite by way of acéessory components; perév-
skite is rare, very fine grains of it sometimes for é)rim around

the grsins of ilmenits.
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The cementing mass of the rocks is formed of & flne-
grained asggregate of cerbonate and serpentine. Rather often
a sharp predominace of serpentine over carbonate is observed.
Occaslonally, there is e reversed relation between these two
components. Small pseudomorphs of serpentline ufter olivine are
disseminated in the cementing mass. The pseudomorphs often
contain idiomorphic primery ollvine so that the rock»appeur5~
effusive.

The secondsry variety is very typicel of tulfobrecciated

rocks. They are distinguised fron the sbove-mentioned rocks by
the presence of large r'ragments and a typical breccia structure.
It should be polnted out that occasionally kimberllte_breccia ls
strongly msrked by the presence of quertzite so thet even secon-
dary quartzite is encountered (Fipure 25).

The rocks are chsracterized by smygdaloidel and crusti-

fled texture caused by large snd small pores that are elther
partially or fully filled with quartz and guartzite. The crusti-
fication of the texture is caused by the accretlon of guartz in
the form of a rim around the grsins of §erpentlnous olivine.

The elongated grains of quertz run perpendiculerly to Lhe édges
of the olivine prains.

The anygdules are also very pecullarly shbped and charsct-
erized by comblex multizonal concentrlic formation on the outsids,
a rim of flne crystalline carbonste develops while a rim of guartz
thet appears to be crustified (with distinct zones of groﬁth for
the individuel grains of yuartz) ls followed by a zone of cocllo-
morphous structure presumebly composed of chalcedony or Quartzine;
there 1s a rim of carbonate,anq, finally, the cenéer is f&rmed
again of guartz.

A casing of guartz and carbonaceous type-veins marks the
developrient of idiomorphic crystals of pyrite. )

The gnéatly‘dﬁstgt@grated=fragmenté*of.ktmbéilite_are
saturated with brown ferric oxide and cemented by greatly oxidized
fine-gralned quartz; In some areas Lhe suartz aggregates have a
spherulite texture. The rock is cut by a pattern of cavitles

f11led with quartz and calcite.
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We shall now compare briefly the kimberlites of the HMalaya

T

IEIONT

Batuobiya Distrlct wlth snaloguous rocks of the Dasldyn District.

kit

In respect to petrography the kimberlltes of the Daaldyn

7S

Distrlet are distinguished from the kimberlites of the Mala&a
Batuobiya region by the veriety end richness of Lhelr inclusions
of related snd foreign rocks. The kimberlite that fills out‘the
pipe "Mir", for instance, reveals a predomlnace of incluslons
of sedimentary rocks (1imestone, schist) and diabases with rare
xenolliths of eclogite-like rocks whersas tﬁe Dagldyn kimberliﬁe
thet £ills out the pipe "Zarnitsa" is rich in rocks of the
eclogite facles as well as in inclusiong of sedimentary rocks.

The essential difference of rocks is evlident from a
comparison between the rate of forelgn inclusions ( in percent)
and the cementing mass that pleys a subordinate role in the
klmberlites of the dalaya Batuobiya'and the Dsaldyn Districts.
The basic mass of lnclusions (up to 90 percent) in the kimber-
lites of the Dasldyn Distrlict is formed of sedimentary and
crystalline roc*s. In the klmberlices of the #alayas Batuobiya
region fragments of serpentinous olivine predowinate; thelir con-
tent reaches up to 70-80 per cent.

The kimberlltes of the Dealdyn District are characterized
by .raguents of kimberlite magma(of the picrite porphirite type)
with and without schist while the rocks of the Malaya Batuobiyg
region contain only few aof these fraéments, , .

The kimberlites of the two districts have a completely
different mineralogical composition: the Daaldyn kimberlites,
contain chlorite andbrarely biotite. The former are rich in
pyrope &nd ilménlte, perovsgkite 1s slso present. The latter.
contain only pyrope, while ilmenite and pervoskite are rare.
Ffurth»ron, there afé orsnge-colored violet énd red pyropes in
the Daaldyn rocks while this variety has never been known to
exlst in the kimberlite of Malay Batuobiya.

Apparently, the kimberlite of the pipe "Mir" has been
sffected by tectonics after lts formation. This ls evident from

the breccia that has marked the rocks consupcuously and as a
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—gli-
_vesult quartz has formed. This process has not taken“place

in the kimberlites of the daaldyn region.

Kimberlite Ppipes
"grnitsals "Boliarnaya" "Udachnays"

Test No. )
COMPOSITION leadit»zc3-a . 1 2 B I i
. Analysts :
. stukalova i, Chuyenko K.Baklsnova V.HXoviasina V. Koviaslned&ﬂnanko

S102 26.85 26,51 25.66 29.72 27.20 30.58 27.60
T102 1.0 1.60 2.77 0.21 - 2.51 2.10 2.29
A108 2.3 e.35.  2.61 6.51 h.98 . 1.20 1.2
0.1k  0.11 n.20 .0.19 0.0l 0.08 0.16
e01 h.17  7.08 9.23 10.19 11.3k 7.66 7.6
FeC~ 2.3 1.80 1.71 2.58 2.00 1.71 1.6
#n0 0.12  ©:10 0.20 0.1k 0.21 0.1k 0.18
Mg0 22.82 25.32 25.h9 29.80 27.08 32.21 26.67
CaO) 17.37 1ih.60 12.28 - 6.00 8.80 7.80 12,40
NaO
K20) 0.2 0.26 - 0.07 0.30 0.10
Ba0 0.26 Traces , 0.08 0.22
Ni0 _0.07. 0.08 0.13 0.08 _ 0.18 o 12
P20g 0.16 0.30  0.35 0.32 : 0.20 0.46
S Not FoundWNot Hound0.03 Trsces 0.0kL 0.15™"
Co2 13.80 11.60 10.20 2.69 é 5.31 9.7l
Ho0 - 1.35 1.17  0.ko 0.68 1.56. 1.26 I.20°
Indtssoluble
Products 6.0 7.0 7.60 10.50 9.82 3.52
100,17 100.28 100.19 100.16 1.00.35 100.50

The chemicel composition of Siberian klmberlites can be detar-
mined by chemical snalyses of samples taken from the pipes of the
Daaldyn reglon. The results of such enelyses ere shown in Table 1.
They show that In chemiécsl composition Siberian kimberiites corresg-
pond to disintegrsted ultre-basic rocks, in genersl, and to Africen
kimberlites, .in pertlcular, Petrochemlcal comparisons can only be

made after less altered rocks have been tested

2. PETROGRAPHY OF XENOLITHS

YL Lo W S Ak et N e e

Xenoliths inclusions can be classified into following groups

LS

according -to their penesls:

i e o

1. Xenoliéhs'of ultra-bassic rocks (porphyricvperidotites);
2. Xenoliths of orystalline schists;

3. Xenoliths of basic rocks (Siberian traps);

L L S

L. Xenoliths of sedimentery rocks.
Below is a petrographic report of these. groups and a short .
outline of some problems aeoncerned with their origin.

The Xenoliths of Ultra-Bassic Rocks

The xerioliths of- ultrs-basic rocks whlch are, as a rule,
characteristic of kimberlites have so far not been encountered

in the pipes of the Daaldyn Distrlct. It 9hould however be
‘Eaken into account that as & r sult a;vary low resis’
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xenoliths may have been completely altered in greatly altered
kbmberlites and could easily be uistaken for altered xenoliths
of other rocks. In the pipe "Mir" xenoliths of porphyric per-
ldotites with warnet were identified but they were changed so
much that even the identification of the rocks is not quite re-
lisble.

Mscroscopically the xenoliths of porphyric perlidotites
are formed of deep-gray, very dense rocks with lsrge (up b9 one
centlineter) phenocrysts of rasperry-red pyrope surrounded by wide
kilyphite rims. Along with garnets pseudomorphs of 'a yellowish
green mineral sfter some columnar femic mineral are visible.
The sphanitic deep gray masgs of rocks clearly shows small cry-.

gtals of en ore mineral (pyrite?).

The textuile of the rocks is either porphyritic or por-
phyritic-1like. The texture of‘the basic mass can only be
identified without intersecting nicols since the primary texture
1s completely mssked by a considerable degree of alteratlon.
There are reesons to assume that the bsasle mass was composed of
extremely fine idiomorphic grainas of ollvine which weré probtably
overlein by gplassy mesostaslas. As a result of post-msgmnalic
processes the olivine and the mesostasis were completely trans-~
formed into an aggregete of serpentine, quartz and ecarbonate.

The baslc mags of the rocks ig intensly mineralized.

Bl Lo
B e

R

Porphyric phenocrysts are formed of dichrolc garnet and pseudos .

morphs of serpentine, chlorite and carbonate aftervlarge'crystals

sut

of femic ﬁingrals>that must have been present in the past.

Garnet ls pfesent in the form of roundéd and oval por-
phyric phenocrysts usually surrounded by & brownisn-green rlm-
of a reactiye origin. The pim-is ssturated with brown ferric
oxldes.and mineral dust. The index of refraction for the gernet
veries from 1.738 to 1.75) which is characteristic for pyrope
series. The gralns of the garnet are greatly flssured and secon-

t
dary schists-like minerals develop along the flssures.
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In ‘addition to gernet, pseudomorphs of serpentine and
cerbonate ag well as chlorite and carbonste after large por-
phyrlc phenocrysts snd, apparently, femic minerals (clivine,
enstatle?) wers found.

The discovery of the above xenoliths sheds soms light on
the origin of garnets in the kimberlite of the.plpe "Mir" where
inclusions of eclogites and ecloglte-like rocks are extremely

rare. It 1Is very iikely that some of the violet and red pyropes
with a lower lindex of refraction in the pipes of the Daaldyn Dis-
trict also stem from similsr disintegrated ultra-bassic rocks.
However, the origin of pyrope in ultra-basic rocks has not been
determined; the kelyphlte halo around lts grein 1is quité remark-
able and evidently testifles to either its xenogenlc origin or
" to early crystallization.

Xenoliths of Orystalline Schists

As already mentioned two very different genetic groups
are recopnizable among the xenoliths of crystalline schists

that are very asbundant in the klmberlites of the Daaldyn Dlsgtrict

and, appavently, completely missing in the pipe "Mir":

1) The sroup of eclorites and eclogite-like rocks snd
2) the group of so-called crystalline schists of the Pre-Cambrisan
complex.

Garnetized crystalline schists, to be discussed separately,
lle between these two baslec groups. The mineralogy snd texture
of the rocks>in4the second grroup ls cowmpletely analopous to the
crys-.elline schists of the Pre-Cambrlsn in the Aldan.Shigld and
the Anabar ¥éuntain Range. There ig a predomlnance of hyper- .
sthrne crystallineischists that change inté amphibolite and
leucocrstic crystallina schists.” The crystellline schlsts that
are rich in alumina end common in the Aldan shield but rather rare
in the Anabar Mountain Raﬁge are not present. Evidently, the
xonoliths were fllled with kimberlitb magna at the depth of Pre-
Canbrian beds. The fact ‘that these xenoliths are common in

the Daeldyn District is due to its.vicinity to the Anabar HMountaln
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Range s&nd, consequently to the deposits of the pre~Cambriant that

were not very decply bedded and where exploslons nad taken place.
Eclogites end eclogite-like rocks of the first group have
so fer not been discovered among the crystalline schists of the
Pre-Cambrian deposits in East Siberia; they belong to a completely
different metamorphic facles {(Escola, 1920). The paragenesis of
monoclinal pyroxene -- a mineral that is rather rich in caelclum
and not sccompanled by asluminum -- as well as garnet of the pyrope-
almand;te serles which is usually rich in a pyrope coumponent,
that is a mineral saturated with alumine and in which ‘aluminum
is not sccompanied by alkali and cealclum, is a characteristic
feature of these recks.
The facb thet megnesium-rich garnet has formed instesd
of cordierite spesks arains the presence of charnocklte erystalline
schists of tne Pre-Cambrian (Korzhinsky, 1936). I regard to
t%e redistribution of oxides 1t is, as already mentioned, only
charaoterigtic of eclogites which differe frém the ususl igneous
or ametsmorphic rocks which a similar chemical composition by
their considerably higher specific gravity indlcating & formation

under much higher pressure.

Eclogite inclusions are characteristic of the kimberlites
of South Africe where they are, however, not found in the crystal-
line schists of the Pre-Cambrian. Their origln there hss not been
determined but it-is assumed thet Lt may heve some connection
with the formetion of klmberiite_magma‘and maybe even of dlamonds.

There is not sufficl;nt materisl availeble es yet to
atudy thoroughly the problems of the formetion of eclogite xenol-
ith in the kimberlitc but interestingvébservations have already
been mude which will undoubtedly contribute to such study.
peeulinr Interuittent rocks (the so-called garnetized c?ystailine
schists). were encountered with the remainder of minersls of pre-
Cambrlan gneiss, partlcularly hypersthene; however, garnet is
slready present ln considerable quentities and its ultimate form-
ation is quite certain. _Thevcoexistence of garnets with different

indlces of refaction was also established, that is with varying
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lron content whlich shows a complete lack of balesnce In this

rock.

As there 18 no possibility of dwelling in greater detail
on these intricete problems we shall confine ourselves to des-

cribing the rocks.

Xenoliths of Eclopites and Ecloplte-Like Rocks

Eclogites

Eclogites without feldsper composed of pyrope and mono-
clinal p&roxene are the most typléal but rare representatives
of eclogite rocks.

The texture of the rocks is granoblezstic, coarsegrained

and porphyroblastic.

- The ﬁineraloglcal composition is simple; monoclinal

pyroxene and gerhet-pyrope. Sonetimes there is an edmixture of
biotite, rutile, ilmenite snd spatite.

¥Most common among secondery minerals are chlorite, ser-
pentine (?), carbonate end ferric oxides (Fipure 26).

The garnet i1s represented by pyrope with an index of re-
fractlon that varies between 1.738 and l:?Sh- More common is
pyrope with ¥ = 1.738. Large, vsually rounded and ovel, greatly
split porphyro-blastic parnets are typical. Along the cragks a
development of a greenish-brown choloriteslike mineral with a
slirhtly raised birefringence was observed. As & result of this
decomposition the garnet along the pattern of cracksﬂ;f ﬂrequenfly
split ;nfo numerous pdlyhedral grains.

Frequently, porphyroblastlc garnet in the altered kimber-
lites 1is surrounded by a wide greenish-brown kelyphibe nalo with
fine sphanibiq texture snd increased birefringence. .

) Sometlmes kelphite halos are encountered that follow the
ldiomorphlic outlines of the grains of garnet from the outside
while inside the sharp edges are rounded out by decomposition so
that tihe grains are bell-like or oval and lrregular.

The basic mass of the rock is composed of pyroxene. As

& rule, it 1s found in light-green irregular grains.
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The following results were obtained by messruing the
optlc constant of pyroxene in a Fedorov devide: 2V from #4630
to f66%; oNg = bl-h5%; Ng' = 1.712 - 1.71L; Hp' = 1.0680 -
1.690; Ng' - Np' = 0.022 - 0.02l,.. This data shows that mono-
clinal pyroxene belongs to the hedenbergite diopslide serles accord-
ing to its composition. It contains 25 to 35 percent ferric

component with slightly lncreased Ng, which is, evidently, dve

T BT

to the presence of FepN3 and Alp0O3 although the lstter does not
exert =2n essential influence upon optic constants. 2V is also

increased which may be due to the presence of a jedelte component

G KT Ty e

in decreased cHg. The question as to whether pyroxene belongs

to omphacite can only be solved by determining -the alkali

o vt B

content, but so far no pyroxene analysis has been made.
Replacement of monoclinal pyroxene by carbonate was

frequently nofed. Along the issures a greenish-brown chlorite-

- A Tk e

like or kaolin mineral develops. The almost opaque decomposition

products are frequently highly ssturated with ferric oxide.

Rutile is not common and is found in the form of irregular

grains. Their size varies from 0.1 to 0.2 millimeters.

1 NPT AN IR oY R

They are usually of an amber color,rarely red. Apatite is
present in the form of small ovel sand irregularly shaped grains.
Blotite is rarely present ir the above varieties of

eclogite. It is found, as s rule, in the form of large scsles

At T O] R TR AR, A

and 1s less often accumulated. The biotite is of light

orange coloring with a8 clesrly marked pleochroism that‘ranges
from orange(reddish) in Ng. to light yellow (almost colorless)
in Np, along the axis of Nm it 1is orange (brownish) e
scheme of absorption is: Ng:> Nm:> Np.! The index of refraction
is Nm - 1.621. Smell scales and laminse of red-brown biotite
are somebimes developed in s&n aggregate of a gfeenish-brown
chlorite-like mineral slong with carbonate. Biotite is;
evidently, secondary. ‘

a
i
¥

Eclogite-like Rocks

(Plagloclastic erystalline pyroxene schists with zarnet)

Crystalline schists with garnet-pyrope, monoclinal
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pPyroxene and secondary plaglioclase form a large part of the

s

inclusions. These rocks also form under conditions of

>

5
=

eclogite facles since they are a variety of eclogltes and
should even bg separately classified.

The following varieties should be pointed out:
a) rocks, poor in plagioclase and most similar to eclogites;
b) rocks, rich in plagioclase; c¢) rocks with disthene;
d) rocks rich in hornblende.

Rocks that are poor in plagioclase contain 10 to 15
per cent of it. Their texture usually ranges from grano-
blastic to porphyroblastic and is formed of large grains of

garnet. Sometimes lemineted tand banded structures are

observed. Mineral content: Plagioclase, pyrope gafnet,
monoclingl bPyroxene; accessory minerals: apatite, ore
mineﬁgl; secondary mineral: colorless amphibole, chlorits,
brown ferric oxide. #onoeclinal pyroxene is in predominance
here. Its color is lipht green, pleochroism 1s absent.

Along the fissures undetermined greenish~brown products or
decomposition develop. Frequently, pyroxene is partially or
fully replaced by colorless amphibole. In one microsection
monoclinal pyroxene revealed 2V I plus 66°, clg = bs°, in an-
other 2V = plus 68°, cNg = LsO.

Plagioclaqe is usually represented by antlpertite. In-
dividual gralns heve nsrrow polysynthetic twins. A part.al
replacement by sericite is noted as well as by s brownish-green
kaolln minerel. The aeasuring of the gralns of plaOLOclase in
the Fedorov device produced andesine No. 32 - h2.

.Garnet is found in the form of lrregular rounded and oval-
gralns. They are up to 1-2 millimeters lafgei Quite often, it
is found in the rorm of anguler fragments 0.1 to 0.2 millimeters
large. Strong fissuring was noted, along the fissures the
development of g greeni;h-browp aggregate 6f a secondary minersl
(kaolin?) ‘was observed.

The index of refréction of the garnet 1s N<1.767,, The ]
rock contains pseudomorphw of serpentine after xenomorphic_

grailns of a mineral that hag been present earlier
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Rocks rich in plagloclase are encountered primarily in

eclogite-like Inclusions. Under the mlcroscope they are light

fray with bands enriched by a dark mineral and pyrope. The

presence of woll-preserved plagloclase with s Zlassy luster
account for the gray color.

The texture is, as & rule, granoid and porphyroblastic.
When hornblends is present the texture lsg nematopgranoblastic
and polkilitoblastic, but the latter is not very frequent.
Usually the grsins are coars. Many xenoliths have g distinect
schist strncture,sometimes they sre Landed.

The minersl content ig very versatile. Along with plag-
ioclase, garnet and monoclincal pyroxene, hornblende and
scapolite are [ound sometimes replacing piggloclase. Kaolin
represents the basic mess of secondary minerals. fmong access-
ory minerels zirlcon, spatite, rutile and ore mineral are rresent.
Also serpentine, chlorite and undetermined prodvucts of the de-
composition of pyroxene.

Busally plagioclase has irregular outlines end ls often
found In the form of antipertite. Along with albites perlicline
twing are rather common. Plagioclase isvpartially replaced by
clay minerals of the ksolin type. 4s a rule, decomposltiop
starts on the outside of the grains proceéding toward the pattern
of fis-ures. One microsection revesled the presence of serpen-
tinous plaéioclﬁse. Seven samples of plagioclase grains were
tested. The tests showed that 1ts éompoéition corresponds pbif
marily to andesine (Nu., 38 - k2), verying from oligoclase (No.25)
to ecid labradorite (Ho. 59). Along with ﬁlagioclase'a smgller

quentlty of scepolite ls slso present wnich clearly replaces
plagioclases in some ereas. Séapolite is an intermediate mineral
with an index of refactlon Hg = 1.582, Np = 1.561 showing that
the content of g melanlte component reaches 55 percent. In some
xXenoliths potash felspar with perthltic texture along with plag-

ioclase is present.
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A green varliety of monoclinal pyroxene is found,usually

in coarse xenomorphic grains and less often in elongated columns.

AT R i

Smell grains of rutlle and hornblende sre present in pyroxene

S rE

inclusions. & greenish-ﬁrown chloritq-like or clayey mineral
often develops along the pyroxene-snd, occasionally, brown ferric
loxldes and brown blotite. Seven sasuples, tested for optical
constants showed: 2V from plus 60° to plus 66°, cNg from L0° to
L4L®. The indices of refraction were: Ng' from 1.702 to 1.712,
Np!' from 1.680 to 1.690; Ng'-Kp! from 0.022 to 0.026. Thus thuis
pyroxene is analogous In form and opticel constants to the
pyroxene of eclogltes. '

Plagioclase pyroxene schlst differs inasmuch as it con-
talns brown-sreen horblende with a pleochrolsm ranglng I'rom
brown-green in Ng to light brown-green in Np; along the axis of
Nm it is brown-orange. 2V = -80°, clg - 22°, Ng' = 1.676,

Np' = 1.652. One mlcrosection showed a hornblende of 2V = -76°,
cNg = 22°. The scheme of sbsorption and the color of the mlneral
&ére analogous to the preceding one.

The rock conteins light brown biotlte with a pleochrolism
that includes'colorless blotite in Np and & normal scheme
of absorption; Blotite is, evidently, secondary and develops
from grernet and ore mineral. Tests clearly reveal that horn-
blende is replaced by orange-brown hiotite.

Garnet is found in the form of pyrope in large irroéular
porphyroblésts end less of'ten in the form of LAiomorphmc crystals.
Intense flssuring and chlorite developments along Lhe fissures
was observed.

Some samples proquced bﬁe—followlﬁg indices of refsctrion:

1.7 > N°>1.737  and  1.767> N >1.75l

1.75F > ¥ > 1.7h0 and  1.737

1.75h< N < 1.767

1.767> N

1.7672 N> 1.75h

Judged by its indices of refraction and color the- garnet
belongs to the pyrope almandine veriety with a content of spprox-
imately 30 to )j0 percent almaﬁdine.' It is a rather interesting

fact that these xenollths are characteriéed by garnets for which
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the Indices of refrsction are not the lowest and which are redepos-
ited in the kimberlite ovriginsting, evidently, with othe rocks --
maybe ulﬁrabasic rocks of the type described above. Chemlcal
analyses revealed that the garnets from eluvium (Figure 72)

contain calcium and chromium. However, the content of chromium

ls rather low ln garnets that resemble the garnets in eclogltes,
The presence of andradite (up to ten percent) ralses the index

of refraction so that the almandine content is considerabiy lover
tﬁan shown by the Winchell dlagram (20 percent).

Accessory minerals such as apatlte, rutile and ore minersl
sre rare and are, usually, included in the basic minerals of tue
rocké. In the kiuwberlite of the pipe "Udac' naya" a fissure
in the gernet is filled out wlith a fine prismatic actinolite
veriety (Pigure 27). 'The peripheric parts of the fissures in the
garnet sare filled out by extremely fine prisms of actinolite
that accrete perpendecularly to the walls of the tissures. The
pleochroism ol the actinolite rsnges from light-green in Ng to
light yellow in Np, clig is about 20°.

liany xenoliths sre marked by pecullar gcilcular inclusions
of a mineral in the garnet. These indlusions are located under
an angle of 60° in relstion to each other (Figure 28). Some-
times thils pettern is changed. A long and fine prlsmatic aclculer form

. can be recognized when the mineral greatly magnified, In larger
units & greenigh-yellow plgocﬁraism can be detected. The mineral
has a positive elongetion. The index of refraction is clearly
higher then in garnet. ’

The high cblors of ghé interference up to the second ssr-

les shovld be noted as well as the extreme thinnesa of the 6rystal

which testifies to bilrefringence. This character.stic as well

as the acicular form of the crystals and the occesional lattice- -
like pattern lend this mineral the sppesrance of rutile. Hovwever,
in the aciculée the extinction is oblique its angle reaching
25-26 degrees sc that there is no question of rutile. For

thset reason,.the mineral should be investigated nore thoroughly.

Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001800150007-5



Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001800150007-5

-6l -~

TR

4o

Rocks with Disthene: Thls rock belongs to the group

thet is rather rich in plagioclase but differs because it con-
‘tains disthene. The texture of the rock 1is éranoblastic por-
phyroblastic, in some sectlions nematoblastic and sven flbro-
blastic.

The rock is formed of gernet, monoclinal pyroxene, plagio-
clase, dlsthene, scapolite and individuesl grasins of apatite and
ore mineral. Conslderable quantities of pyrope garnet are present
with N = 1.738 - 1.75) - 1.767. Usually they are found in the
form of large lrregular porphyroblasts. L&ss often théy are
ldiomorphic. The surface of *he garnet ls smooth and lustrous.

KeXyphite rims ére characteristic of most greins of garnet.’

1t is an interesting fact that the clusters of- disthepe ususlly

abut against the xelyphite halo without penetrating into the-
garnet. The greins of garnet, without a kelyphite rim are in-
truded by disthene 1like the other minerals. (Figure 29).

Second in gquanbtity is plagloclase in the form of lrreg-
ular blades which are often fractured. Scapolite that replsces
plegioclase is grestly developed. (Clayey minerals often develop
along the fracturers.

Plagioclase is twinned, and narrow polysyntnetic twins
occur commonly. Everywhere the rreins of plagioclpase are pe-
netrated by clusters of disthene aciculse. Thg :nclusions often
conta:n grains 6f mogocliﬁal pyrocene, garent end apatite. Two
tests with grains of plagioclase included on the Fedorov devide
broduced No. So, thst is acid labredorite.

Disthene churacterizes the rocr. it develops in the form
of fine sphanib.c xylold sggregetes, conic clusters &s well as

divergent "suns" (Figure 30) so that the ldentificatlon of the

minersl is uncertain. Disthene primsrily assoclsted with grains

and sccumulations of gsrnet: Disthene Irequently forms the out-
side rim around them (the inside rim is kelyphitic). The dig-.
thene aciculae are characterized by cleavage of (100) with a

normal that almost. coificides with the axls of Hp.

3

i
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The neasurlng of the-d:sthene aciculae bhrough the Fed-
orov- device produced 2V from plus-80° to plus 89° which dis-
tinguishes it from typical disthenes.

Dieblastlc texture was notices where disthene along wlth
monoclinal pyroxene pave ncnetruted disintegrated texture,

Monoclinal pyroxene ils encounbed in considerable quan-
titles In xenomorphic gralns with' a good parallel cleagave 2V -
plus 63°, clig = ho - 11°.

Apatitie in the foram of small irregular ;rsins end ore

mineral Is present as an accessory minersls.

Rocks rich in hornblende: along with pyrope and mono-

clinal pyroxene hornblende and sometimes biotite Flay.an essentigl
rols in these rocks. The texture is nematovgrénoblastic and in
some ga.eas lepldogranoblastic. Honocllnal Pyroxene is occasion-
ally found as well gs small quentit.es of bilotite, pseuodomorphs
of a kaolln minersl sfter plagioclase, clacite, apatlite and ore
minersl.

Pgsle-green nornblende wlth sllght pleochroism in ligher
shedes 1s in predominsnce. The engle of opticsl sxes is 2V -
minus 73°%, efg = 20“., Indlces of refraction: Ng' = 1.08h,

Hp' = 1.u6h; Ng! - Bp' £ 0.020, wnich corresponds to L5 percent
iron component. -

Biotite 1s present in the form of lsrge scales, its
pleochrolam ranging from s bréwnish—or&nge in (N, ) to a slightly
YQllOW.(élmOst colorless) in.Np. Gyably defonned.and even sblit
sceies have been found, 1nclusiqns ol ore mine}al and sometlimes

‘ of Freins of apatite, rutile and pseudomorphs .af serpentline aflter
a mineral are occaslonslly éresent. The lIndex of refraction of
the blotite: Nm = 1.615 which proves. l1ts low iron contcnt.

Honoclinal pyroxene is found in the form of fine llqht

green xenomorphlc graing with pronounced parallel cleavage. The

angle of the optic axial angle: 2V = plus 64°; cNg = Lk-Lso;
Ng' = 1.712; Np' = 1.690; Ng' - Np' = 0.022. ‘

Along the fraotures individual groins of pyroxene aré:f
rlaced by & greenigh-brown chlorite-like mineral so*“

+ pether with. calcite

. - ’ o .7‘ k
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Garnet is encountebed in individual fine grains and shape-
less segregations. Along the pattern of fine Lractures that
branch out light- brown secondery blotite develops. The index
of refraction for the garnet varles between 1. 738 and 1.75)
which classifles it ag a pyrope with 30 to Lo percent almandine
component. At one place, colorless bargasite hornblende was.~
¢ncounterod (Figure 31).

Here are the optic constantq. 2V = 65 - plug 66°; cNg =
25- 260, Bg! = 1.658; Nm!' - 1.3115; Np' = 1.638. These data con-

firm the definition.

‘ A somewhat different variety of rocks was encountered
although it resembled the above-mentioned rocks. Partielly de-
composed plaglioclase and phrtite ls common in this rock slong
with hornblende, nonoclinal pyroxene and pyrope garnet. Plag~’
'oclase and potash feldspar are common In irregulsr grains which
are elther partially or completely replaced by argillaceous prod-
ucts of weathering. The measuring of the plaglioclage grains

produced andesine No. 3.

i
i
FY
3
B
Y
2
2
3
:,.'

The constants of monclinal pyroxens usual for these
= plus 66°; cng = Lh®; wgr - l.722, Np' = 1.7000; Ng' -
= 8.022.
Hornblende 1ig distinguished by its deep green-brown
with pronounced pleochroism from deep vrasen or brown In Ng to
light green and brown in Np. The optic axial angle is 2V - 729;
cig = 18-20°, Partially, hornblende Is replaced by secondary
" orango- colored biotite. .

The ind.ces of refraction for vérious gralns of garnet are:
Ne1.738; No-1.738; New 1.78h; ¥>1.75L, but< 1.767.

One sample showed an interesting inclusion: a contact
between hornblende- -@arnet crystalline schist and’ ﬁlagloclase
potash feldspare POCH with hornblende. Hornblende crystalline
schist conaists or hornblende, pyroxense, pyrepe~garnet and kaolin
Pseudomorph after plegioclase (7). Hornblende is énelOgous to
the pPreceding one with a pleochroism from brownish green in Ng

to light brown in Np. Optic constants: 2V = -72-74°; coNg = 18-20°.

-66~
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The contact with the feldspar rock ls not very pronounced.

The grains-and the segregation of hornblende grains form a streaky

L e o)

structure in the leucocrstic rocks.
Plegloclase ig encountered in the form of more or less

uniform grains. wlth narrow polysynthetic twins, stomotimes of an

Lz SNELITA, N B

antiperthlte texture. Two samples of rlagloclese .neasured with
the Dedorov device produced andesine No. 35-h0.

Pertites sre easily detected and are charecterized by

banded frequently psrallel penetrations of plagioclase into
potash feldspar. Sometimes, the form of plagliclase deposits re-
sembles typical ichtyog;ypfic*formabions and a complete analogy
#lth the graphic texture of pepmstites can be established.
Occesionally greatly froctured kenomorbhic grains of quartz are
found.

llornblende and monoclinal pyroxene are éommon In individusl
grains end show complete slmilarity with the corresponding miner-
als of the above-mentioned melanocratic rocks.

It has already been mentioned, thet in many Xenoliths of
eclonsltes and eclogite-like rocks intense secondary alterations
have taken place. Plagioclase 1s replaced by a kaolin-like mineral
and pyroxene by vndetermined clay=~-and chiorlto—like products.

In some oases this alterstion is 80 conspicuous that both, pyroxene
and plagioclase are fully replaced by secondsry minerals which
provides only a vague idea sbout the chiaracter of the rock

Judged by relict gernet and other reslstant minerals (rutlle) as
well as by the gradual traensformetion into less altered r&cks
(Figures 32, 33).

Pssudomorphs of secondary mlneyals after pyfoxene are .
usuelly dark and are sometimes concentric. Along thk edges of
the pseudomorphs & darker rim Ls found while cerboﬁéte is present
in the central part. Sometimes the carbonate surrounds relict
pyroxene. Some pseudomorphs after plqgioélase also reveal zonary
structure. (Flgure 3l).

Garnet is usually the most reslstant mineral {of ghetméin

minerals) found smong secondary minerals in the form of.rdund

-67-
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porphyroblasté;“the froctures of* these porphyroblasts are also
rilled with seconéary minerals.

The sltered Xenoliths rocks are rather varicd; a special
study of the secondary products as well as of the texture of

these rocks has still to be made. There 1s no doubt, thet along

with eclogite rocks other types of greatly sltered crystslline
schlsts commonly occur. The fact that biotite is relatively

well pregerved ls very characteristic. in some cases secondary
products resemble serpentine and 1t 1s very likely that among the
a#ltered xenoliths of this group ultre-basic rocks (peridotites
with garnet) will eventually be ldentifled slmilar to the rocks

in the pipe "Mip".

Xenolliths of Garnetized Crystslline Schists

This group includes peculiar crystalline schigts which
belong to the sclogite facles sccording to t e paragenesls of
garnet with monoclinal oyroxene. Aﬁ the same tlme they contain
# paragenesis of rhombic pyroxcne vwith plegioclase which speaks
sgeinst thelr membership In the eclogite group. In some places
8 young formstion of gsrnet is clesrly visible along with the
relict character of hypersthene so that there is-no doubt that
ecloglzation of hypersthene end hyperstherc hornblende of Pre-
Cambrien crystslline schists has taken plsace.

Below,an account of two typicel representstives of the
xenolliths of thig group of rocks. The texture is“granoﬁd and
coafse-grained. The structure is foiliatedf Garnet, rhombilc
pyroxene, monoclinal pyroxene, plagioclase, hornblende in small
quantities and bldtite occur commonly in the rocks. Of asccess-
ory minerals apatite‘and ore mineral are present. Jecondary

minersls: chlorite, iddingsite and blotite (Figure 35).

Plagloclase constitutes an essential part of the rock
(ebout 50 percent). Rather common are entipertlite penetrations
"af potaéh feldspar into the plagioclase; The twins ere mavrow,
polysynthetic and sometimes periclinal. In some grains kaolln:
is developed along the fractures. iour tésts of plagioclase gralns

produced andesine Ho. L0-l5.
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Occaslonally, scapolitization of plsgloclase ls recognlzed
snd quite often plagloclase is replaced by kaolin mineral. In
entipertites, decomposition has only affected plagloclase while
bands and strips of potash feldspar remain completely intect.

Rhombic pyroxene occurs rasther commonly in the form of
large ilrregnlar gralns, with & sometlimes clearly marked cleavage.
On the outside and slong cleavage fractures red-brown iddingsite
often roplaces individval greins. Usually, filne grains of garnet
surround the hypefsthens like a wreath. A cluster of grains of
nyperstnene and garnet wss noted. The pleocnroism of rhombic pyro-
xene ranges from vaerious shades of green in Ng to pink in Nﬁ.
Three tests produced the folluwing optic constants: 2V from mlnus .
680 to minus 69°, Ne' = 1.686; Np!' = 1.67h. Optic data reveal
that tne composltion of fhombic pyroxene ls close to bronzite
and is characterized by a rather low content of FeSLBB {up to
16-19 percent) (Sobolev, 19LY).

As a rule, garnet is found in the form of cosrse porphy-
roblasts wiich are often grestly fractured. The grains are not
idlomorphic. Grains of gsrnets are often clustered with mono-
clinal pyroxene as well as with rhombic pryoxene. ln the contact
zone between ore mineral and feldspar younger irregular gralns
are clearly vlsible as well as jointed grains of garnet. Along
wlth rrains of pyrope with N>1.738, but<1.75L, greins of garnet
with N = 1.767 and N> 1.780 occur. lé may be assumed thet the
latter index of rofraction applies to the garnet_thét develops
around the ore mineral.

In a typlicel eclogite 'rock the presence of garnet with
differen£ indices of refraction was noted. fhis applies to an
even greater extent to the rocxs which are descriﬁed hepe, i.e-
the balsnce is established only in individual points and sections
whiie fpom a physico-chemical point of view the whole fock does
not represent a balanced syétem.

sonoclinal pyroxene is ﬁatber>common. it 1s light-green

-and partially replaced with chlorite and hornblende. Pleochroism
’is not very well marked in the lighter shades. At some areés

hornblende is replaced by brownish-orange biotitle and by a
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fine-graineé garnet aggregote that forms veiq-lik; patterﬁs
and branches out “into coarse-grained hornblende. The exial
optic angle varles from 7l to 8L degrees.

Along with coarse ascales of blotite the rock is marked
by fine érange—brown laminae snd scales which are usudlly ob-
served at the contact with ore grains. The-coarse scales vary
in pleochroism from orange-brown in Hg end light-brown (almost
colorless) in Np. The basic mass of secondary blotite develops

as & result of the presence of hornblende and hypersthspe.

209 T

S LA T R

Nm = 1.628.
apatite In the form of shapeless fine grains ss well as
ore mineral is rather common anong accessory minersls.
Crystalline schists that contaln both kinds of pyroxene
with garnet ln.which Temic minerals are characteriéed by & higher
iron content belong to the same groupl' The tecture is grani-
blastlec and porphyroblagiic.

i
The rock is formﬁp of plagioclase, hypersthene, garnet

T SN e W R

which 1s rather rich infén almandine component, hornblende, and
biotite. Less common is monoclinal pyroxene and individual
gralns of guartz. Accessory minersls: epatlte, ratile, and ore
mineral. fha following secondary minerals are very developed:
chlorite, iédlngsite, carbonete, scapollite snd, less often, ser-
pentine, kaoline, and brown ferric oxldes.

Considerable quantities of plaglioclase are present in the
form of wide laminae and irregular grains with polysynthetic
_twins. Scapolite is often spbstituted for plagloclase. Individual
grains of plagloclase are opagqus Or semi—dpaque. Sometimes
plaéloclases is replaced by grbenish chlorite. Flve tests of
the plagloclase with the helﬁ of the Eederdv deyice produced
oligoclase agdesine‘Nq. 26. - 35. ’

here 1s not too muoch hyperéthene, oftent 1t ls bresenp
in the form of individual gralns which.are either partially or
fully replaced by iddingsite and ssturated with ore dust (Figure
36). [our tests to de%ermine the optical constants with the'help

of the Hedorov device produced the following results: 2V from

-66° to -74°; Ng'-= 1.710; Np' = 1.696 - 1.698; Hg' - Np! =

0.01l - 0.012.
~70~
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Aécording to the indices of refraction the content of
Fe8103 has been established to be ébout 37 percent (molecular
percent).

A predominance of monoclinal pyroxenc among femic miner-
als 1s obvious. The grains are well preserved, chloritizatlon
and partisl carbonizetlion is only observed aiong frectiires. Four
tests to estoblish the optical conatants with the Eédorov device
producéd the followlng resultsa: 2V from £61° to %Gho; cNg = Jj2~-
13°; Ng' = 1.712 - 1.71h; Np' = 1.690.

Snall yuantities of hornblende with & pleoch;oism from
greenlsh-brown for Ng to ligﬁb-brown for Np were found in some
samples. The optlcal cons ants (four tests) are aé Hllows:
2V from -72° to -80°; cNg = 18-22°; Ng' = 1.68lL; Np! = 1.66l-
1.665. Judged by the optical constents there are 50 bercent
ferric component in the hornblende.

The garnet forms large fractured porphyrobliasts and is
sometimes shot trrough by fine irregular grains. The inxed of
refraction varies from 1.767 to 1.780 and up testifying to the
almandine natere of the garnet.

Small scales of secondery orange-brown biotite which
usually develop by the presence of hornblende are rather common
in the rock.

Pgeudomorphs of serpentine after xenomorphic grsains of
mineral thet must heve been present ln the past snd grsins of
hornblende were encountered. A ‘

As an ekception apahltq and rutile are found onl& in the

fora of lnclusions in bésic minerals.

Xenoliths of Crystelline Schists in Pre-Cambrian Rocks

The minergl composition of‘crystalling schists in Pre-
Cambrian rocks veries but mostly these schists belong to the group
of crystalliﬁe,schisﬁsethat.pdnt&dnihypersthene along with differ-
ent quantltles of ménociingl pyroxene, hornblende and biotite.

The texture of the rock is elither granoblaétic or remato-

granoblastlc and, occesionally, poikiloblestic.
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The following basic minerals ére4present; nlagioclase,

hypersthene, hornblende.ahd amall quantities of mon&clinal pyro-
xene, biotite and sometimes perthitic potash feldspar ss well as
quartz. There are the following aeccessory minerals: apgtiﬁe,
zlrcon, spinel, (pleonasts), and ore mineral. Secondary minerals
ere represented by chlorite, carbonste, lddlngsite, bilotite end
clayey minerals along with ferric oxides. Plagloclase occurs
rather commonly. The c¢reins are most irregular. Wide, broken
laminae with more or less ..regular outlines occur lesgLfreguently .
Twins sre narrow, polysynthetic and often irreguléar. Rather
fre.uently, non-twinned compounds were encountered. Anti-
perthites were found very often.’

Clayey produéts of weathering, evidiently, of the kaolin
group develop in the grains along fractures. The .ralns are very
cloudy appearing almost opaque in daylight, .They are grayish.
Fine gralns of hornblende, ore mineral and sometimes of zircon
and apatite are present in Inclusions.

Plagloclase ls often replaced by light-green chlorite and

calcite, serlcitization 1s noted. Hiyht tests Sonducted with

plagloclase grains in the Fedorov devlce revealed fluctuations
renging from No. il to No. 58, i.e. veristions from andesine
to labradorite.

Hornblende is in predominance among dark minerals. It is
found in the form of a deep-brown varlety. lug pleochroism
ranges from light browh in Np and brownish-orange slqng tge Nm
axls. The scheine gf sbsorption is normal; Graing of moﬁocliaal
pyroxene, felidspar, apatite and ore mineral occuf commonly in
inclusions. Hornblende is partially replsced by chlorite, brown

biotite and calclte (Figure 37). Six tests to determine the

optic constants wltb the Fedorov device produced: 2V from —71o
60-7L%; olNg = 18 - 22%; Ng' = 1.48 - 1.692; Np! = 1.664 - 1.672.
Pyroxenes are encountered together with hypersthene, the
latter being freguently in subordinate quantities and 6ccasion—
ally In the form of'individual grains.
Hypersthene forms irregular grains thét are corispicuously -
marked by corrosion from lddingsite.’' Decomposition affected

the grelns from outside developing élong the pattern of small
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fractures. isémétimea all that remains of the large grains of
hypersthene are suall rbiict sectlons. There 1s no plbochroism’
Seven tests to éstablish the optic constants with the Fedorov
device produced: 2V from -63° to -74°; Ng' = 1.706 - 1.718;

Np' = 1.69L4 - 1.706.

The indices of refraction show that FeSiO3 is present ss
follows: 3l percent Fes.{o3 with Ng' = 1.706; LS percent FeSi03
with Ng' = 1.718. Rhomblc pyroxene conteins considerable
quantities of iron.

Monoélinel pyroxene is found in the form of large xenomor-
phic greins. Polysynthetic twins were noted. The grains of mono-
clinel pyroxenéhare replsed by a brownlsh-green chlorite-like
material with a somewhat nigher birefringence and sometlmes by
celcite.oslong the fractures. The optic axial engle ranges from
460 to £62°, cNg does not exceed L0°.

Biotite occurs In the form of coarse, slongated scales
and small irreguler lemlnae along hornblende. The former have a
clear pleochroism that ranges from reddish-brown in Ng to light
yellow in Np. It 1s obvious that biotite is more ldimorphic thean
the grelns of hornblende (Figure '38).

Apatitie predominstes among accessoyr minerals. FIrequently
it is irregular or rounded and oval, the grains being included
in basic minergls. Grsing of zlrcon are extremely rare, but
ore mineral ls abundant. Sometimes it is essoclated with green.sh
spinel known ss pleonasta.‘

Along with hypersthene hornblende schists; inclusions with-
out hypersthene were encountered. These inclusions contain con-
sldersble guantities of monoclienl pyroxene and hornblende. lono-
clinal pyréxene has 2V = 60-62%; cig = 40-42° &nd close by resem-
bles diopsiﬁe. A replapement of the grulns of pyroxene by
chlorite and calcite was'nohed. The hornblende is similar to
the variety mentionedAin conqution with hypefsthene hornblende
schists. Plsgioclass equels andesine No. 38 - 45. & partial
replacement of plaglioclase by a fine.aggregate of a colorless

mineral -- 'presumably ksolin -- was recognlzed. The rocks contain

some "elongated scales of -deep-brown biotite. Its pleochfoism is
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of light-brown shades snd the diagram of absorption is normal.

Rutile predominates among sccessory minersls. An unusual rock

P

with bluish-green monoclinal pyroxene of the aegirite-suglte
type was discovered in a xenollth.

The texture of fhe rock is granoid and cosrse-grained.
The structure Ls of micro-cleavage end banded.type. Basic
mineféls: plagloclase, monoclinal pyroxene; accessopry miner-
als: gpatite and magnetite. Plagloclase is mostly replaced by
an isotropic brownigh clayey mineral. ‘

Tests with the Fedorov device prodiced plagioclase-
labradorite No. 62 - 65.

Monoclinal pyroxene is predoninant in the form of a bluish-
green varlety with an optic axial angle of 2V = {§8°-60° and
cNg = 17° which proves its similerity boAaegirité eugite. The

pPleochroism is pronounced -- it varies from bluish-preen in Ng

to yellowlsh-green In Np. The indices of refrasction are: Rg' =
1.72h, Np' = 1.696, Ng' - Np' = 0.028.

Apatile and ore mineral is usuvally included in plagioclese
and monoclinal pyroxene, It istof minor importance.

Two inclusions in the kimberlite of "Zarnitsa" are formed
of feldspar schists with hornblende.

Along with plegioclase, porthltic potash feldspar and
hornblende s present ss well as the accessory minerals zircon
and apstlite. Secondary minerals: chlorite, serpentine, biotite,
calclte, and clay-like minerals of the halloysite group. 4 g;ain
of monoclinal pyroxene was ideﬁtified in one section.

The basic pert of the rock is forméd of plagloclase in
the form of irregularly shaped grains which sare usually replaced
by clay-like minerals. A partial carboﬁizatlon of plagioclsse
1s under way. -Tests of the grainé‘of plagioclase with the PFedo-
rov device produced andesine No. 38. Along with plagioclase
banded perthites ere very common. Individual grains of potash
felspar are partially decomposed so that they acquire character-
istie browvnish color. Individusl zsrains of brownish-green horn-

blende were found: 2V = 172° and cNg - 18-19°.

_711“ DN
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Aiong with secondarj laminae of redfbrown biotite éhaf ré~‘
places hornblende, wéll formgd‘elongatea scales were identiriedﬂ
The pleochroism ranges}from brownish~orange in Ng to light brown
(almost colorless) in Nﬁ. Apatite graine are found in the form
of incluslons in plagioclase.

A xenolith composed of blotite and hornblende with altered
plaglioclase was slso recognized. It has a lepSdolite nematorgrano-

blaslic texture.

Xenolith of Basic Rocks

The kenollths of basic rocks sre formed of ereatly sltered
gabbroid disbase and disbsse. They are sbundent in the pipe "Mir"
as well as in somse plpes of the Daaldyn District.

The rocks have a poikilitic or ophltic ‘texturs. Idiomorphlc
plagloclsse is always very conspicuous.

Malin minerals: plagioclase and monoclinal ﬁyroxeno.
Sometimes pseudomorphs sfter ollvine are present. Accessory min-
orsls: titano-magnetite and spatits. '

Plagioclase is encountered in Lhe form of narrow ldio-
morphic laminae of dlfferent slzes. Occasionally the rock is shot
through with lsrge porphyric-like laminqe. Tests {six) of the
plagloclsse with the fedorov device showed that the component
fluctustes between No. 60 and 77, i.e. that it Ls labradorite-
bytownite.

Monocllinal pyroxene usually occurs in the form of lerge
grains cut through by plsgioclase. The optic constents of Ehe
pyroxene {one test) produced the following resﬁlts: 2V = £509;

Ng' - 1.717, Np' -1.697. .
. Titeno-magnetite occurs in charscteristic xenomorphic
greing, while apatite 1s present in the form of fine eciculée.

In texture and miherai combosition the &bove rocks are
anaslagous to Siberian traﬁs (Sobolev, 1936).  However the differ-
ence consists in the cpmmon’occurrence of -various sccondary
minerals. Among secondary minérals green, occaslionally isotropic
or snlgotropic, clinoclasés or foliated chlorophadte is present.
It replaces mesostasys, partlallf pyroxens snd, presumably,

olivine. It is slso found in ordinary traps.
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Other secondary minerals‘that are not characteristic of
traps ste common along wlth chlorobhéites in xenoliths. Uccasion-
ally instesd of dark chlorophalte llght-green magnesisn chlor-
ophaite develoss. Sometimes 1t has a perfectly divergent aggregate
which is sometimes replaced not only by mesostasys but also by
plagioclase.

Other undetermined secondsry minerals slso develop. ?Plag-
ioclase 1g replaced by s ksolin and hydromicaceous mineral aggre-
gate, pyroxene by a clay-like nontronite mineral. These minerals_
resemble secondary products in the altered xenollths of crystslline
achists end sometimes they almogst completely replsce primary
minerals.

The sbove secondary alterastions of the xenoliths in traps
are associated with the genersl alteration of kimberlites,
evidently under the action of the solutions thet rise and circulate

in the pipes after their formation.

Xenoliths of Sedimentary Rocks

Fbagments of a fine crystalline carbenaceous rock, obviously
limestone, predominate among the Xenoliths of sedimenary rocks.
Along wlt- large fraements, which are vislble in the course of
fleld research, [ine fragments that reach.a maximun slze of one
centimeter are extremely common. IH some areas a conglderable
part of breccias fragments ls composed of these fine fragments.
Sometimes it is difficult -o dlstinguish between these fragmengs
and the secondary carbonate of the ccaenting mass. The frsgments
are often rounded or oval. Along the edge of tﬁe fragments a
fringe of more cryptocrystalline carbonate asnd & iringe of dust-
like or uniform megnetite is often discovered. The prsasence of
these fringes accounts for the concentric formation of these fragmenbs.@
Sometimes fragnents of limestone are obgerved. They sre ﬁ
impure since they contain 70 to 80 peroeﬁt»magnetite and are
easlly mistaken for carbonaceous shale under the microscopé.
In additien, great quentitles of purer 1imestoneAwithout
magnetite is present in the breccia.
The study-of'numerous saaples revealed that the fregments

of limestone surrcunded'by a magnetite rim or concentric as a

-76-
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result of the dlséemination of dust-like magnetlte are, sctually,
microxenoliths (Flgure 39).

,,../
It should, however, be emphasized that microxenoliths of

SRR

limestohe without a magnetite rim are often included in altored
kimberlite.

In most cases the limestone found in breccla fragments

IR R T

has & micro-texture and is sometimes eryptocrystalline.

Rather common ars fragments of limestone with orgenogenlc

ST Rk oA

texture. Organlc residues in the samples resemble rounded
formations of fine-pgrained carbonates and ovgl' concentric forma-
tions. Sometimes the fauna 1s better preserved. The samples
clearly show formations that appear to be the microlimbs of
crinoids and fregments of brachiopod shells (Figure LO).

In addition to fragments of @ ganogenic limestone includéd

LG N AT A Y 0 S s R B ey

in breccla, Iragnents of corbonaceous rock wlth an extremely un-
usual clastle spheruliﬁe texture were ldentified. 'The rock igs
composed of spherulite and semi-spherulite cerbonaceous forma-
tions, their size ranging rrom 0.5 to 0.8 millimeters in dismeter
end 1s cemented by calcite.

Sometimes pseudoolitic limestone fragments sre recognized.
They arc composed of rounded formations of darker microcrystalline
carbonete submerged in calcite cement (Figure 41). The slze of
the pseudoolitlic fragments resches one millimeter in diameter.

These formations are classifled as pseudoolites because the con-

centrle or divergent formation Ls elther not clearly marked or
misging sltogether.

- Movgeover, 8 fregment of g carbonsceous rock wes discovered
wlth an unusuvel texture thsat resembled crustified texture‘and
conslsted of a foliated carbonate. These tsctures also bear g
resenblance to organogenic corsl textures, but the rock ls clearly
of & velnstone variety since microxenoliths of ¥lmberlite breccig
(Pigure 1i2) are present. &

Fragments of serpentinous chlorlte and chlorite~-lime
micro-schists are rather common. The rock is charscterized by
cleavege structure an? microlebidoblastic texture. It consigts

of serpentine and chlorite or only chlorlite in the form of
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uniformly oriented minute lamlnée with enAlnsifnigicaht{aqmlxturé .

of carbonate.

Mo oAU § a3 o ki 5 N
f

In deylight the rock is grecen. Host chlorite lamlinae have
the seme optic constaht; pleochroism varies according to the
aggregate solthbt the color of the rock changes &t the turn of

the mieroscope.

Alterations of Xenoliths Along the Contacts

Xenoliths in fragments of magmetic kimberlite are frequently
distinctly narked by smell gralns of apatite and ore mineral of
the effect of magme. It ls reflected in the formation of .second~
ary biotita in the contacts (Figure L3).

Occasionslly smell scales of phlogopite in the contact of
limestone and megmstlc rock were also identiflied.

Frequently, the zone slong the contact of & xenolity
is greatly seturated with brown ferric oxldes revealed as &
narrow continuous rim. Sometimes chlorite develops instesad of
biotlte in the contact with surrounding kimberlite. This chlorite

is saturated with ore dust end brown {erric oxides.

i
:
%
§
'/.

in the contacts of the fragments of braccia nothing in-

dicates that the cement hes a clastic instead of a magmatic cha-

acter.

3. COMPARISON BETWEEN XKIMBERLITES OF SiBERLAL & SOULH AFRICA

! In the geological description the rimllarity between the
kimberlites of the pipes of the Valiyul region énd those of

South Africa has already been emphasized. Let us briefly.cdmpare

natural kimberlites wlth xenoliths.

| Despite the tremendously altered components and textures

of the rock it may be affirmed that magmatic rock is s typical

kimberlite. Evidently, iimberlites without mica or poor in mica
are in predominence. However, varietises of micaceous kimberlites

are also encountered. The similarity 1s further emphasized by

the presence of a very characteristic secondary mineral. This
minersl is perovskite that has so far becn encountered in Siberlan
kimberlites in considerably smaller quantities and In the form

of extremely fine'crystéls.

fnother similarity consifts g4 the common occurrence and -

genesls of ainersals characteristic of ximberllite,. namely pyrops

;78_‘
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aﬁd-picroilmenite. 'Thqse minerals behaved like xenogenic miner-
als iﬁ kimberlite mag@a; they geactgdato magmaby forming character-
istiec kelyphite fringes around the pyrope and thin-bladed crystals
of perovskite-around ilmenite.

Not only the composition and texture of the magmatlic rock
bears a suriking similerlty to aAfrican kimberlites but also the
frégmental and often breccisted structure of the mass that fills
out the pipe which is cherscteristlc of most pipes of exploslon.
(Wagner A., 1909). It would be premsture to discuss the detalls
of the formetlon of these pipes but it should be emphasized that
several generstlons of megmstic kimberllie fragment.s can be iden-
tified in the breccla just as in plpe of South Africa. This fact
tostiflies to the complexlity of the process.

Another festure ﬁhat is common between Siberian and African
kimberlites ls the drastic alterstion of the rocks éhat has
advenced so far 1n Siberian kimberllites thet unaltered olivine
has been recognized only in two pipes. liowever, by &nslogy with
South Africa it may be assumed that alteration gradually decreases
with dept: where less altered kimberlites will presumably be found
conslderably complicating the methods of enrlichement.

Despite the similarity between the secondary slterations,
which are evidently of an endogenous character, Siberlen kimber-
lites sre distinguished by the :bsence of a thlck exogenous zone
known as "yellow and blue soll" and cheracteristic of the plpes
of South Africa.

As in Afrlcan kimberlite, breccla>frsgments of other ronks
«re also abundant in Siberien Himberlite‘breccia. The ﬁbundence
of "nodules" of eclo-ite-like rocks in the kimberliles of the
Dsaldyn region should be noted. Similar to South African kimber-
lite their gquantity in different pipes varies and sometimes they

are present in insignificsnt quantities ss, for instance, in thb

pipe "#ir" of the Halaya Batuobliys reglon.

At the sasme time, there 1ls an essential.diffefence between
the Siberian and the South Afrlican pipes. Iﬂhile real eclogites
without plasgioclase predominate 1n South Africa eclogite-like rocks
are occur mostly in Siberian kimberlites. These rocks are rich
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in intermedlant plagioclase and 1t is recommended to glve them
a special name. PFeldapsr-bearing eclogites were found in the

Ketanga tubes of Afrlca (Belgian Congo) but they are mariked

SERISTCERY

by more basic plagioclase (Verhoogen J., 1940).

RO

Similsr to the kimberlites of Africa, xenoliths of

crystalleln schists along with eclogite-like rocks from the

R
ey

underlying Pre-Cambrian bed occur commonly in Siberla. At the

L
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same time, this stage of resesrch has already shown interesting
transforaztions of Lhese crystalline schists to eclogite rocks
which will, undoubtedly, plan an ilmportant role in s more detailed

study of the genesis of thesme rocks.

In composition Siberien pipes differ from African pipes
by the care occurrence of xenoliths of ultra-bassic rocks(dis-
regsrding fragmentsrof kimberlites in the kimberlite, of course)
which have s0 fer only been dlscovered in the pipe "#ir" where
they are, however, completely altered. 1t is nevertheless, qulte
possible that this compleﬁe alteration leads to a certain masking
of such xenoliths and that in the future great quentities will
be diacovered.

Finally, 1t should be emphasized that similsr to African

plpes Siberlan pipes contaln a great number of xcnollths of
sedimentary rocks torn through by the pipes not only from under-
lying but alsc from overlspping eroded beds.

Tous, despite certain differences in the substantial

compdsicion of rocks and xenollths in the Vilyui diemond-bearing

region, Siberlsn rocis sre typical kimberlites enalogous to the
classic kimberlites of South Africat in regard to occurrence
and substantlial composition. ' )
IiI. MINKRALOGY OF SIBERIAN KIMBERLITES

The study of the mineralopy of Slberisn kimborlites as
presented in this chapter® 1s based on the results of a pre-
liminary investipgstion of pulverized samples, concentrates of
enrichment and grains obtsined durihg prospecting of the two
AT phe results of the microscopic study of rsck-forming
minerals as wegll as of Siberisn kimberlites and the

xenollths of other rocks are quted in the petrographic
report. :
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kimberlibe pipes "31r6 ahdA“Zarnitaa". Some of the samples were
obtained -from the rocently discovered kimberlite pipes "Zagad-
ochnsya" and "Dalnaya". The samples used In the study were taken
froa a maklmum deéth of three to four meters, and consequently,
are only characteristic of the top layers of the klmberlite pipes
lncluding eluvium.

* The first brief report on the minerals in the pipe "Zsr-

nitsa" wes compiled by N.N. Ssrsadskikh and L.A. Popugayeva.

et TN e T T

At the same time, a teém of- geologist (M.A. Gnevushov, G.O.

Gowmom, M.P. #etelkina and A.P. Chernenxo) ldentifled such min-
erals as pyrope and ilmeni:e which are the maln compenions of
diamonds. A considersble part of the datg is included in this

book. It Is besed on the study of concentrstes washed out from

IR N e Ly TR s o e o S5

diamond~bearing plaecer deposits near the kimberlite pipas.x

The minersls disgovered during Fhe study of samples are
subdivided Into primary minerals (directly connected with the
formation of the «imberlite) and secondary minerals (formed as
a8 resnlt of subsequent alterotions of the kimberlite). Primsry
minersls sre, in turn, divided into two groups: kKimberlite miner-
els (incluiing s certaln part of Xenogenic minerels) and minerals

thet form the xenoliths:
Primary Secondary

. Serpentine
Ilmenite . Almandine Calcite
Pyrope Grossularite Wuartez
Chromdiopside Hypersthene Calclostron-
. : tianitse
Diopside Turmalin Celestine
Olivine "’ . Chrodiopside Phloroplte
Phlogopite Diopside Chlorite
Megnetite ' Zircon Hydromica
Apstite Magnetite
Feldspar : Pyrite
usrtg Limonite

Wnile this peper wes bing published, rich materisl on petro-
grephlc and minerslogle characterlistics of kimberlites be-
came avellable. It will be published in special journals and
articles. We shall merely note at this point that for the
time being the petrography of little altered kimberlites with
young olivine i's being studied as well as includions In kim-
berlite that turned out to be much more versatile. A fagclin-
ating type of inclusions wass, £dr instance, discovered where
slong with disthene thet has been verified through chemical
analysis a peculiar "grossurlate" wss found with & total
content of 35 percent almendine and pyrope components. Among
new interesting minerals moissanite was discovered.

~;81ﬁ.
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Research showed thst the minersalogical composition of
“ Lk

the klmﬁerlites is more or less stable.

the Thereo are, however,

some differences in the quentitative ratio of individual minerals
in veriovs kimberlite pipes. In the kimberlites of the pilpes
“HMir" and "Zernitse" a sharp predominace of ilmenite over other

minerals was observed whlle in the kimberlites of the pipe "Za-

gadochnaya' ilmenite is only found in the form of rare grsins.

Oa the other nend, there ls sn sbundsnce of chromdliopside in

the eluvium of the kimberlite pipe "Zagsdochnaye" while only

occasional grains asre found ln the pipes "#lr" and "Zarnitsa."

Table 2 Ehows the mineral content in different kimber-

lite pipes:

Name
of
Pipe

Primary Minerals

Secondery

Minerals

Common B
Occurrence :

Rare
Occurrence

Common :
Occurrence:

Rare
Occurrence

"Zarnitsa"

"Zagadochnaya"

Ilmenite

Pyrope

Ilmenite
Pyrope
Magnetite

Pyrope

Alamandine

Diopside
Chromdlopside
Peldspsr
Phlogopite
Olivine
Zircon
Apstite
Quartz

Grossularite

Chromdiopside
Zircon
Turmalin
Guarts

Ilmenite

Chromdiopside Chromite

Calcite

Serpentine
Magnetite
Limonite

Serpentine
Magnetlite
Chlorite
Calcite
Limonite

Calclte
Serpentine
Ilydromica
Limonite

Calciostrontisnite

Celestine
Chlorite
Phlogopite
uertz

Hydromica
Quartz

Below is a description of all these minerals with the

exception of dismonds.

A speciel chapter is devoted to them..

The most cheracteristic companions of dismonds -- pyropes and

ilmenites -- sre described in great detail.

. Pyrope

Pyrope 6ccurs commonly in all kimberlite pipes that have

been investigated. As a rule, it is found in the form of some-

" what flattened prains wlth rounded outlines {(Figure lLl), but

Isc frequently present in grains with canchoidal fractures.

The

surface of the grains is ususlly rough, with numberous small

cracks fllled out by secondsry minerals that lend thg;pyiope

-821'
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a dirty grgyish-red coloring. An-intricate pattern develops.

on some gréiﬁs resembling the patterns found on éohe*ﬂiamoﬁdE

L E N TR

grestly corroded.

Pyropes found in kimberlites are, as a rule, rounded.

W RIS

-t

L2 2 g

This is csused by their psrtial resorption in the process of rock
formstion. There ere no traces of crystalline planes on the
greins of pyrope.

Some grains of pyrope are covered by a grsyish-white or
greenish-black kelyphite halo (Flgure Li5). These kilyphlte haloa
are most frequently found on pyropes in the kimberlites of the
Malaya Batuobla River and the Allaroo-Chochurdskh River while

they srevvery rare in the Dasldyn reglon.

B S A i L L e A W e B A

ARGt

According to M. Yu Flshkin's research (Chseir of iinerslogy

T

of Lvov State University) the kelypbite halos on the grains of

% alade

pyrope consist of the following minersls:

;]

1. DBright green chlorite with Nm = 1.622 and Np = 1.609

with blue snomalous colors of interference;

L TR

B

2. Blotite with light-brown pleochroism Ng = Nm = 1.630
and Np' = 1.609.

3. @Gelcite with Ng = 1.656, in soms grelins dolomite with
Ng = 1.682.

e Columnar amphibole in association with chlorlte, Ng =
1.6h3 and Hp = 1.620. Clearly biaxlal negative mineral with a
wide angle 2V, presnmaply actinolite.

5. Hydromica (?); in fine mlcaceous aggregates (Ng = 1.532),
which often form a whlte or graylsh-while kelyphite halo.

6. Hypersthene (?) in indlvidusl grains, with & pleochrolsm
in greenish-yellow stiedes, Ng = 1.711 and Np' = 1.698.

7. Plagloclese in indivijusl gfains Ng = 1.558 and Npt! =
1.550;

The size of the pyrope prains varies from 0.1 millimeter
to 1.0 centimeter in dismeter. The average size of the most
common greins is 0.5 to 2.00 millimeters. The color of the py%i
opes verles greatly. There asre deep red (Figure Li6), red (Figure

47), violet (Figure L8), pink (Figure L9), orenge (Figure 50)

and almost colorless pyropes. ¥ithin the same range of colors "
| . N .

-83-
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" different shades were recognizeq due to the various degrees of
richness of the color. It was estsblished that a Eeftaln.color
-was charascteristic of each'deposit. In the kimberlites of "Zar-~
nitsa", for lnstance, red and‘deep-red pyropes predominate, in
"Mir" violet pyropes and in "Zagadochnaya" orange pyropes. A
few gralns of pyrope were found (in the pipes "¥ir" and "Zar-

nitsa") to posses the property of chenging-.color under a differ-

ent light. The change of coliring according to the light was
clearly recognlzed in immersion compounds under the microscope.
In daylight the pyrope appsared green while it was red under

electric light. This change in color is also characteristic of

BT e RS e R

GE Ve

in alexandrites and lsy evidently, of the same nature {(Grum-
Grzhimailo, 19L7). The coloring of the gralns of pyrope changes
graduglly. The richest color- is a deepe-orange and & bright violet.
Between these two extreme shades there is color scheme that

ranges from reddlsh-orange, orenge-red, and blood-red.to violet-
red snd often violet. According to the results of the spectrum
analysis (Table 3 and li) this luarge colo? scheme Lls a result of
the different wvantities of chromium in the‘pyropes. ln order

to verify the correclation between the color of the pyropes énd

the content of chromium, several greins of dlfferently colored
ﬁyropes were subjected to a smei-qualitative spectrum analysis
(each grain sepgrately). -The chrome content was determined accord-
ing to the intensity of line 28113.34° onca pentavelent scale

(Table 3) that has been chosen arbitrarily.
‘Table 3

Number . : : Intensity of line
of . Color "of Grain : 28;3.3A° on arbi-
Pyropes ] : trery scale (Cr)

1 Orange with yellowish tene
2 ) Pale yellow-orange
Light-opange

Riéh-orange

]
- N

Light-red
Light intense red
- Light bright-red

wWow W N

Bright red wlth violet tone

-'BL- _ k
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Table 3 ~ Cont'd.

Number : Intenslity of 1line
of Color of Grain 28l:3.34° on arbi-
Pyropes trary scale ﬁCr)

9 Violet-red L

10 Deep violet-red "4

11 _w.-Deep red-violet LAA

12 Very deep red~violet Lt

The correlatlon between tne color of the pyfopes and the
content of chromiwm 1s rather obvious. The content of Crp03
is orange pyrope exceeds by many times thet of violet pyrope.

To ascertsin that the color of the pyropes was actually
determined b: the chromium ion, the line of absorption in the
in the visible section of the spectrum was recorded for several
differently colored grains of pyrope. It was established that
for 8ll red and violet pyropes and for one orange pyrope the line
of ebsorption was ldentical. It is characterized by two bhilghest
quantities: 1'10 - ;20 millimeters and 565 - 570 millimeters.
We know that these two highest quantities are characteristic of
minersls colored by the ion Cr203.

Two samples of orange pyrope produced & different line of
absorption with a rahter low indistinct maximum rgnging from
1,00 to 450 millimeters and two additionsl minor maxima on the
right and on the left. Evidently, chromivm did not affect the
colof of these particular sasmples. - |

On hand of an ortificalyruby (dled by an lsomorphic
adﬁixture of Cr203) S.V. Grum-Grzhimailo and Ye. P. Utina (1953)
proved that the intensity of the coler méy be determined by the
high maxlmga of spectrum absorption which shows a llnear dependency
with the content of chnomiwm.

To verlfy whether thlis dependency also applles to pyropes

-the content of chromium was established by, spectrum analysis
(8imultaneocusly with #n end TL) in samplés of pyrope for which

the lines of absorption had been previously recorded.s Thoe dats

— .
" Spectrum analyses carried out in the laboratory of the Central
Expedition of Union Trust No. 2 by Ya. M. Xravisov.

-85~
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of the analyses of red and violet verleties werc compared to the
saximum on the lines of aebsorption witha = L20 wu, being most
steble. 'This highest quantity was deducted from the ordinate
that corresponds to the sbsorption coelficient withl = 650 mu,
since from there on the line of ebsorption is actually straight.

The teble shows that the linear corrslstion betwsen the
content of chromium and the maximum of absorption can be e¢stabl-
ished rather clearly. Further study is requlred to establish
the effect of other possible chromosphores on the llnes of
absorption in the spectrum. The dependence of the helght of the
maXimum of absorption on the content of chromium 1n tLhe pyrope
is shown in Table b

Table b

sContent :;Helght of
Number s+ of sdaximum of
of Color oof Samples :Cr in % :Absorption
Sample :ina = 420 mu
:in units of
sscnle K

Light reddish-violet 1.10 1.2h
Light ink-colored ¥iolet 1.18 1.20
Deep violet 1.25 1.52
Red 1.33 2.08
Rich violet 1.55 2.28
Red violet 1.58 2.36 -

Rich violet ’ 1.40 2.4

Bright vliolet 1.78 3.52

In some grains of pyrope inclusions of other minersals
were ldentified. Ihey sre pertlculsrly common in the pyrope of
the kimberlite that fills out pipe "#ir" while the pipe "Zar-
nitsa" inclusions are rare and occur aslmost exclusively in vrange-

colored grains of pyrope.

.

* {continued from page 85).....

The lines of ébsorption were recorded in the Laboratory
of the Central Expedition of Union Trust No. 2 by G.0. Gomon
on spectrophotometer Sf-l.

The quantitetive spectrum analysis of semples wes made
by A.L. Chernenko in the laborstory of the East Siberlan Branch
of the Institute of Geology of the Acsdemy of Sclences USSR.
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Inclusions are formed of idiomorphic grains with chromium

i ity w14

| spinel that revesls well developed octshedral planes (Figure 51).
Sometimes they are acicular (Figure 52) and sometimes lamellarx

(Figure 53). In come grains of pyrope rather lerge (up to 1.5

milllmeter) inclusions of emerald-green chromiopside (Figure 5lj)

were discovered.

Table ©§ shows the date obteined through chemlical analysis
and some physicel properties of elght semples of pyrope taken
from kimberlite pipe "Zarnitss". By way of compsrison datas that %
i apply to South African kimberlite are quoted along with deta on
. garnets that resemble almendine of the Pre-Cewbrisn gneiss in the 4
Aldan Shield end .nabsr Mountaln Range. ) H

Samples for the Fnelysls were selected according to the
color of the gsrnets and index of refraction with an accuracy of
+0.0n5.

Below, crystello cheaical foraulae for garnets. Their

chemical composition ig shown in Tabbe 5.

Vi s A, o

1. (Hg2.16-Feg.3)*¥Mng,013080.36)2-87(ALy oo Fep  ,Crg q) *Thg 0p)1.9k

(513012) # 0.09 $102 ‘
2. (Mgz.aé-lﬂe().h3-.!"1110.01'Caocjlo)j-10(All.éO-Feé:(')B.Cro.ggTio.Ol)1.86 f;:
(812012) # 0.03 510 ' ;
3. (Mg, 23 Fe)” 5z.tng, 02 Ca0,51)3-11(A1; 5o Feg 15°0rp, 25021k g

(812,81T1q,02012) F
ol (g 2+ Feg ) 30 Mng, 0, Cag, 38)3-06(A1y 73" Feq 0g+Crg, 10T10, 02)1+93
(513012) £ 0.01 8i0p '
s, (Mga.ob'Feé:kb.mn0.01'080‘53)3'06(A11~6h.F86:i8.CPO'OBTiO-ah)
1.9 (8130y2)
6. (Mgg.17'Feé:ﬁé'Mnl_og'an_33)3.06(A11_hhﬁeé:iévrQOOB'Tio_os)
1.88 (81307,) # # 0.0b siop )
7. (Hg2.08Fe) 55" Cag, 37)3. 01 (A1, g "Fe| "75°Crg 02)1- 98 (S1z g7
Tig.03012)
8. (Hgy p7-Foq)pCa0.31)2-98(A1; gg*Fe 3°Cro. 03" Tig, 021+ 98
(813015) # 0.01 8i0p

9. (Mg1.7u—Feb:73-cao.ho-Mno'02)2.89(A11_53-Cr9_17)2.10(312'98012)
10. (Mg 79°Pep:81C20.37)2.97(ALy 44" Crg, 0g)2- Ol (S1n, 990 5)

11. (MEZ.Oé!Feé:SS’CSO-38'Mn0-02)3'Ol(All-aé'Feé:69'0r20~3)2‘0b

(812,96012)

-87-
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12.

13.
1k.
150

16.
17.

ponents In these garnets was determined (Teble o).

(Mgg.lh'Feé:h7'0ao.h0'ﬁno‘02)3.03(A11.83-Fei:éav062.06)2-10

(812.98012)

(Fei73°¥80.89C20. 1l Mg, 05)2.8L (AL, ooFeq §d2-08(513, 0301 2)
(Fei:90°Mg0_h7-030.30°Mn0.12)2.79(Ala.OOFe6:65)2.05(513.07012)
(Fel.96-Mso.h7'cao.30'Mno.12)2-79(A12.00F66265)2-85

(412.10°Fej:pg)2-18 (Sl g5012)

(Fel,59-Mg0_86-0n0.13°Mn0.05)2?é9(A12.03-Fe

Based on these formulse the content of individual com- ¥

.

n.17
(Wel,52-Mgo_20~Mn0_02°030_77)2.51(Ala,loFeo:gh)2.3&'

T A e FE AT

&

W

:
PR

.

)2.20(513.01012)

Sla:59%12

Table 5
No. of - : : : : : : i
Pyrope T : 2 0 3 s h . 5 : 6 1 7 &
iViolet : Deep : Deep : Orange : Orange : Hed : Orange %
Color : Red tViolet :Violet Red _: Red__: Opange : i N
Index of : H : : H : : ¥
Refraction : ]:_-_7)1 9 . 1. 75" . 1.759 : 1. 7’-114 . 1. 7l$ 9 : 1. 75’¥ . 1. 75& ‘c.'.‘
Specific : : : : R : &
Gravity 3:58  :3.75 ; 3.72 [ 3.73 . 3.65 1 3.77 . 3.7h
Size of ! Unde-~ ° H - : : : :
Bdge of i ten  f11.53h% 11.522 * 11.509 ‘11 527 ¢ 11.532 ‘Undetermined
Elementary : 5 09 & 7 77 0Tt : T i : TP -
Nucleus : : : : : s :
Analyst :V.Kovia-:S.Boyar:V.Kovia—:S‘Boyar—:K.A.Bek-: K.Kovia:li.Stuke- &
Composition : zina sShiinova: zina :shinova :lanova : Bine :love )
S10p lr3.26 1:1.98 23.80 l1.70 hi.20 h1.93  L1.20 I
Ti0 0.50 0.32 0.38 0.L5 0.75 1.0 0.0
A1253 19.72 18.91  21.00 20.42 19.2h 19.20 21.75
Fe203 2.2k 0.62 2.25 1.6 3.22 3.00 2.21
Crp03 2.70 .02  3.82 1.91 1.56 0.65 0.33
FeO L.61 7.18 5.70 7.27 7.0 8.08 9.31
¥no 0.2 0.2h  0.hl 0.21 0.22 0.33 -
Mg 2n.27 20.98 20.4N0 20.86 18.70 20.03 19.32
c&0 h.73 5.21.  A.72 li.9g 6.83 k.93 L.l
Nap0 - - - - - - -
Hpo0 - - - - - 0.10
Iniissoluble - .
Prgducts 1.15 1.00 0,56 1.19 1.12 1.23 1.00
Pp - - - - - - -
Totgl 100.3¢9 100.h6 100,37 100.38 100.25 100.h2 1910.56
Table 5 - Cont'd,
. No.of
Pyrope 8 9 10 . 12 13 1
Color Raspberry Rich Wine Hyacin- Bloody Brownish
Pink Red th Red Red Yellow - -
Index of
Refrection  1.7h) - - - - - -
Specific :
Gravity 3.76 - - 3+78 3.737. - - &
Size of
Bdge of - - - - - - -
Elementary
Nucleus
Analyst M.Stukalo- According Afber After After After After
Composition nova to P.A.%Wagner P.A. P.A. P.A. Yo .N. Ye. M.
HapnerWspgner Wagner Lavrenko Lavrenko
810o 42.83 hi.3h Lo.yo Lo.l7 39.k2 ° 39.42 37.8L
T102 .o, - - _-B7a- -~ = = -

jo e

Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001800150007-5




S — )

—

Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001800150007-5

Table 5 - Cont'd.

No. of
Pyrope

8

13

A1203
FOaOB
Cr 03
Fé
MnO
Mg0
Cal

2
Indissoluble
Products

22.30
1.03
0.70
6.72

£1.30
.05

0.10
0.95°
100.39

100.35

Teble 5 - Contld.

No. of
Pyrope.

17

Color

Index of
Refraction

Specific
_Gravity

e sofee selee soiur e

Size of
Edge of
Elementan
Nucleus

N
H
.
. -
.
-

sslev oo se sofor eefes o

Analyst
Composition:

efter Ye.N.

safter M.Ya.
s-Apogtalov

.
H
.
.
.
.
s
.
.
.
-
.
.
.
.
.
.
.
.

.
.
.

-

.

.

after M.N.

Rabkin

810
Tioi
F’6203
Cr032
PFeO
WMno
MgQ.
Ca0

“Nap0

H20
Indussoluble
Products
Total

L S Lnoes

2 L .

Footnote:

Lavrenko
30.98
0.91
28.68
1.30
3.99
3.57

99.hg

39.0k
2.92
2h. 65
i

0.3R
100.13

39,88
.L.oa

2213
0.28
1.60
8.87
0.27

0.72
~ 0.12
100&05

S

No. 1 - 8 pyropes from the eluvium of kimberlite pipe

e N 1
'Zarnitsa.” No. 9-i2 pyropes from South Afltrican kimber-

i X \;{,‘/
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" Tnb ‘dote shown in Tsble 6 reveal that the content of the
pyrope comggnenf in fhe garnets of Sibérian kimberlites fluctuaﬁes
between 6§ pércent and 76 percent, so that these garnets may
actually be classifled as pyropes (Figure 55). Second comes
almandine with a content from 10 percent to 18.6 percent. These
components amount to & totel of 79 to 9L percdnt. As slready
mentlioned the content of chromium in all pyropes is very char-
acterist:c. 1ln all red verleties of pyrope the content ia
noticeably higher. The admixture of uvarovite fluctuates accord-

ingly between 1.5 end 11.8 percent.
Tagble 6

COMPONENTS Numbewp of samples
1 2 3 I 5 6 7.8 9

Pyrope 75.3  72.9 T1.7 73.2 70.8 70.9 69.2 76.2 40.2
Almandline 10.0  12.y 10.8 1h.1 13.h 13.1 18.6. 13.}

Spessertine n.3 0.3 0.7 0.3 0.3 0.3 - 0.7
Grossularite - - - 2.0 - - 5.3 5.h
Andredite h.3 0.6 5.1 L.l 6.9 8.1 5.9 2.5

Uivarovlite 7.2 11.8 5.2 bh.1 1.6 1.0 1.5
1.1

Ca-Ti - Gasrnet 1.0 0.5 2.1 2.7 - 1.0
Skiaglite 1.9 1.0 ( - 2.k 0.3 - -
Totel 100.9 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Table 6 -~ Cont'd.

Coﬁponents 10 11 i} ‘15  16

. Pyrope 50,25  61.L 31.9
Almendine 61.0 18.3
Spessartine . 1R.3 0.7
Grogsularite 0.7 3.8
Andradite 3.8 I.h
Uverovite Ik Ly

Ca-T1 Gernet L.l - : -

Skieagite - - - 2.0
Total 100.60 100.0 100.0 190.0 100.0 100.0 100.0 100.0

Footnote:
Nombering of samples same as in Table 5.

Footnote: (Cont'd. From Page 88).....
lite. Amyandines No. 13 - 16 from Pre-Cambrian gnelss of the Aldan

-Shleld No{ 17 -- Almandine from the garhet micageous gnelss of the

Ansba? Mouhtain Range.
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Andradite and grossularité are elways present in rethepr
small but fluctuating quahfities whereas spéssartine occurs in
insignificunt quantities (the content of MnO in the analysed gar-
nets 1s completely insilgnificant).

This, chemlicall red snd violet gasrnets In the kimberlite
are pyropes with & noticeable content orf chromium and calcium
(end a corresponding Quantity of uvarovite and andredite). In
regard to tne content of the main componemts &nd the character-
istic admixture of uverovite and andradite they are besar g sﬁrong
sinilarlity to the pyropes in the dlamond-besring kimberlites of
Africa,

In the garnets of old (pré—Cambrian) crystalline schists
found in the mountsin éreas sround the Siberien platform there
is a sharp predominange of almandine over pyrope while chromium
is not present, ss a rule, or is present in very small quantitles.

aowever, the content of mangenese 1s glmost slways higner than

in pyrope. To illustrate this situstion we quote resulis of
the quentitative spectrum anslysis In Table 7 in eddition to dats
shown in teble 5, Analysls was made of sixteen sanples of
almendine garnet from the rocks sround the Siberisn platform and
from verious sreas in the basin of the Viluyl R.ver where alman-
dine garnet is eventually redeposited ag a result of the deterior-
atlon of these rocks.: Ihe table shows that the content of
chromium in these garnets usuelly doeg not exceed 0.01 percent
and only rarely amounts to 0.05 percent while the conbtent .of
wangsnese asounts to oné percent in most samples.

The above dsts show that the investigated garnets are
very ch: racterlstic of the Siberlen plstform. 1Ir Pyropes in the
kimberlites were considered as introduced minerals their original
source should not 5e‘assumed to be the uswval metamorphic schisfs
of' the erystalline foundstion of the platform but rocks of

different genesis.

* The fact that the samples ere classif:ed as almandine has
been verified by the determination of the index of relrsction
through immersion.
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The indices of the refraction of pyropes (Table 5 und 8)
flucruate within s rather wide range.i

The index of refraction increases with s heightened in-
tensity of color approximetely to the same degree as in all three
baslc colors of pyrope -- orange, red and violet it varies from
1.733 - 1.735 to 1.76li - 1.767. The overlupping of the indices
of refrasction rorp differently colored pyropes is slso mentioned by
H.N. Sarsadskikh and L.4. Popugayeva. ‘The index of refraction -
1.767 1s established only for rich deep-red grains of pyrope from
the kimberlite pipe "Zsfnitsa," Evidently, these grains have the

hlphest content of slmandine although there 1s no doubt that the

increased index of rkfraction 1s also lnfluenced by the content of
ch;omium.

Fifteen tusts have been donducted with pyﬁopes taken from
the diamond-bearing kimbsrlites of the bagin of the Dealdyn and

Malaya Batuobiya Rivers to esteblish the size of the edge of the

I IR a0 37, L0 e A2 AR ETATE T ot S 1

elenentery mesh (a). The results of the X-ray snalysis are shown

in Teble 9.
Table 7

Number Area where

of ¢ sample was Color of : Content in %
Sample : taken(River) G arnet Ma  Ti Cr

9l Vitin Pink >1 0.83 0.1

&l Dzhida Plnkish-yellow 21 0.3l £0.01
oly-2 Dzhida Pink with yellow tone 3! 0.20 <0.01
6l-3 Dzhida Pale Punk - 71 0.17 «0.01 .
Ly Angara Salmon red 0.63 0.06 0.01
S0 l Angara "lesh colored 0.95 0.06 0.01

96 Vilyui Light pink ) >l 0.h3<0.01
73 Tungucka ' Pink o ’ 0.76 0.0 0.01
97 Vilyut ~ Flesh colored - - z0.08
' Tunguska Flesh colored >l 0.02 20.01
29 Vilyni Pink ' 0.81 0.07 20.01
85 . Markhs Pin& R 3 21 7 0.1% 0.02

#* Indices of vefraction were determlned at the Faculty of arystall-
ography of Leningrad State University by T.G.Petrov undep V.G.
Tatersky's guidance through the method or imnersion in white light
aceording to the system of colored strips, with an.sccurscy of
-£0.001 (1liquids have been checited preliminery on s refractometer
wlth possible errors not éxceceding £0.0005). :

X-ray enelyses were conducted by V.I. Hikheyev at the X-Ray Labor- °
atory of Leningrad Mining Institute., o : . L

-9
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Table 7 - Cont'd.

Number: Areas where

of : sample was ; : Content in %

Sample: taken(River) : Mn~  T1 Cr

85a Markha Brownish-red 1 c.15 0.01
85b Markha Flesh colored 1 0.58 0.06
98 Tiung Pink 0.57 0.19 0.08
99 Tiung Flssk-colored-pinkish 1 0.26 6.01
Fooinote: Sample No. 9l was taken from gnelss; samples No: 96, 97 from

Jurassic conglromeratés, samples No. 6li, 6l-2, 6&4-3, L9,
50, 73, 74, 29, 85, 85b, 98, 99 were selected from ore slme.

For samples No. 1, 2. 9, 10, 11 (Tsble 9) chemical analyses
are availeble (corresponding to No. 2, 3, L, 5, 6, on TablLe 6).

It should be e-7phasized that value in the investigated
garnets does not only exceed the computed data for garnets of the
pyrope-almendine series but frequently even exceeds & of pur alman-

udiﬁe ( 2 = 11.)9) which is, undonbtedly, relsted to the considerable

quantity of celcium that is characteristic festure of kimberlite

gernets.

Table 9

Number
of +0.002

violet red 1.75h
violet red 1.759
violet red 1.76l
violet red 1.769
violet red . 1.77h
#euve 1.7hh “1.7hk
Mauve C o 1.78h

Mauve 1.759

‘Ocoﬂox\n.r:-ump-:

Orange-red 1.7h4

—
(o)

Deep orange-red R 1.75k

=]
N

Orange 1.739

Lau)
W

Orange 1.7h9
Orange ‘ 1.759

Colorless 1.7hk

o
w &
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’

Ilmenite' )

As nlreudy.mantioneﬁ ilmenite. ccecurs cﬁmmonly in kimberlite
pipe "Zarnitsa," It is not quite as common in pipe "Mir" and found
in only very small quentities in plpe "Zagadochnaya."

Tho sizen of the rrains of ilmenite very just as much as thore
c¢f Lhe prains of pyrope. It should, however, be pcinted out that in
pipe "Zarnitsa" this mineral is encountered in the form of large
grains, Individual grains of ilmenito occasionally excéed teﬁ milli-
meters in size. “he largest indivisible ilmenite grains -- csallegd
"ncdules" -~ are scmetimes the size of a nut.

Usually, 1lmenito is observed in the form of angular fruag-
ments (Figure 56) or a cluster of them (Figure 57). Laminated ery-
stela and,Agbnerally, sroins with cither traces of faces or clearly
marked faces are ex%remely rare. Oaly in samplosﬁiakén frem plpe
"ip® three grains of ilmenite (one to 1.5 millineter) crystals
showed & clean-~cut cleavuge.

The surface of the prains of ilmenite is usually covered with
8 fine pray film of leucoxene. %The leucoxene rim ig 1 - 1.5 milli-
metor wide (Figure 58). A frech ilmenite fracture is pitch-black
and has a metallic luster.

In pipe "Zsrnitsa" grains of ilmenite are surrouncded by
minute (loes than 0.1 millimeter) crystals of verovskite (FPigure 59).

Cne rrain of i1lmenite wns found shot throuch by very fine
grains of viclet red ryrone, However, inclusions of ilwenite erains
were also discovered in a laminse rreparod‘Prom red pyrcpe to bbtain
the lines of absérptions ‘ ‘

Table 10 shows cata cbtained b- analysing the ilmenite of
Siberlien kimberlites and, b way of comparison, the results of ana-

lyses made.of. th
3 3

gﬁgimberlito ef other ccuntries aleng with data cof
two anulysés cof ilﬁenites from basic rock of fiberia and Gresnland.
There is alsc one enalysis of ilmenite taken from old Slberian
conglomeratbes,

Greins of ilmenite i thout magnetic propérfié were used fcr
analysis 3 and 6, MNagnetic frains of ilménite were tested in ana- -
lyses L4, 9 and-7.

:~T5€~§Eﬁﬁibs of ilmenite for chemical analysis were selected in the
Sume manner as the samples of pyrope, i.e. thoy were taken fpgm

the kimberlites and concentrates in the deposits directly. cor écted<'.
with the kimberlite pipes. s ;
-93.
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The ubové data revel that iiménite found with Sibcriun'
Alamonds differs from the usuul kind inagmuéh as 1t ecatuins consid-
erable amounts of forric cxide and magnesium. In this resrect it
is icdentical with ilmenites feund in the kimborlites of Africa and
Anerica,

Ilmenito :rem differentiated Siborisn traps diflfers ccnsider-
ably from ilmenite frem kinmberlito that is veor in magneoium. This
charocteristic aceccunta for th% striking ¢imilarity te the ilmenti+e in
gubbros of Groenlaneg. ‘

It is common Imowledge that oréinary ilmenite (closoly re-
luted to crichtonlte 1n comporition -- FeTi03) is ecnly slightly
mugnetic. Part or Lbe‘gruinﬁ of ilmenite in kimberlite reacts to an
ordinury magnet Terming 1ittle chainz 1ike ragnetite, The rest dees
net react quite as well and enly individual gruins ere érawn. Scme
grains de not rouct ut all £o an créinary mugnet, It is imressible
te determine the magnotic preporties of the gruins by their appearancs.

The highly megnetic grains have the samo arpearance as the non-masgnetic

variety, However, they differ sharrly from the chsque gruins of
magnetite with a lusterliess surfoce that are alsc rresent in the
rock. This, despite an identiceal aprearsnce the magnetic rrcpertios
of' 1lmenite vary sreatly. .s shcwn belew this 18 caused by the
‘pocullarities cf the chenical cempositien.

Table 11 shows the results of chemical analyses in terms of
individuel comycenoncts, Pata for cuch cempenent s as, for instance,
bematite, rutile.otc; are arbitnﬂqu#%ggd there is no evidence as
to the stgte cf tio surplus cf cerreapencing cxides in the ilmenite.

The teble s'.ows that the éeikielite c;mronent amounds to
about 1/3 in the ilmenites cof sabefian (with the excertion cf the
highly magnetic Qariety) South alrican snd North Azmerican kimherlites.
On thé cther hand, the geikielite centent dees net excced 6-8 rercent
in‘ilmenite beune te gabbreic megna. resentially, thie kinﬂ of

_1lmenite is almost rure crichtcnite (FeTiO3). A1l ilmenites that
sten from kimborlites (with the c¢xeeption of Ne. 5 and 7 of ilmenite
that are encewed with vary different magnotic properties and in which

the content of geilielite is low) are similar,

~9l-
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g Table 10

i Ilmentte from the kimberlites und placer deposits

| of the Vilyui River Basin ! .

‘ - lluenite from concentrates

Ilmenite from Ilmenite from Dagldyn River
Alluvium Aluvium tube Slight Highly

; "Zarnitsa" "Mip" Non-ilagnetic Magnetic Magnetic

i
Nugher of Samples 1 2 3 5
Components

! S10p , 0.ko . 0.10 0.ho 0.96- 0.92

i

; Ti02 h7.95 lh6.33 L7.06 33.58 32.8¢
Fep03 13.15 17.96 15.25 32.5k 37.95
Crp04 n.75 0.1
Fe0 23.00 25.29 28.02 22.99 25.1)

! ¥Mno - - 0.1k _ 0.2, 0.24

: Hg0 9.00 8160 9.22 9.28 2.6l

I: Cal ‘

1

]' Va0g 0.20 0.20 Undeter- Undeter- Undeters-

x mined mined mined

!
Nb>0 0.1 - " n n

' 2vg 3

! Ho0 +1050 - - 0.20 0.2L 0.20
Total 99.58 99.89 109.29 99.83 100.06
Specific Gravity h.58 L.61 ' - - -
Anglysts K.A. K.A. V.D. V.D. V.D.

— Baklonova Baklonova Bugrova Burgrova Bugrova '
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" Table lO-Cont'd. .

African and North American 3
Ilmenite from ¥
Ilmenite from ore Ilmenite in - Ilmenite in Kkimberlite pPipé€;
slime Mikerab{siv. Kimberlie(S. "Zsfu"(Belgiand
Iirelukh River Africal)after Africa)after Congo)after
Non-HMagnetic Magnetlic jéP*.‘A-':*g’éfrner P.A.Wapgner J.Verhoegsb
9 10

Number of Ssmples
Components

S0, 0.33 - -
T10, i8.96 36.20 L9.27

Fep03 16.2) 36.95 11.27

Crp04 0.63

Fe0 25.91 2n.83 29.3k

¥no 0.20 0.15 0.29

g0 ' 8.22 .65 8.87

Cal . 0.13

V505 ‘mned  mieeaT

Nbp0g " "

H20 1 1050 n.20 0.20

Total 99.98 99.80 96.29
Specific Gravity L.s70 L.7hy -

i it AL
SN

”
"

Anglysts V.D V.D
. .D. 1o
Burgova Burgova Llplsberg
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Table 10-Cont'd.

African & [1menite
N.Americann Ilmenlte from basic rock from old
Ilmenite from Ilmenite from Ilmenite Ffrom Conglomerates
Elliott(Ken-  Alemzhakh in- gabbré 6f E. on watershed
tucky)U.S.A. truslon traps Greenland, between Merkha
after P.A, (Velyui River) after E.A. & Tiung River
Wagner ’ Vincent after 4.1,
Plotnekova

Number of Samples 11 12 13 "1

Components
5105 - 0.20
T10p ‘ hg.50 52.80
Fe204 2.81 3.96
Cr203 - ’ -
FeO hb .6l 33.8L
MnO - ' 0.28
MgO 1.56 1.0l
Cal ' 1.8
Undeter-
Vo0g mined -
Nbo0g it
H20+1050 - - -
Total 98.50 . 99.99 100.1k
Specifiec Gravity - - .;

Analystét K.A. oA, V.0O.
Baklonova Yincént Bugrova
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Table 11

Ilmenites from the kimberlites and placer depositsin the basin
of the Vilyui River
Numbers 1 2 3 L 5 6 7

e e

Components

Chrichtonite 58.) 57.3 sh.7 31.8 6.0 6.2
Geikielite b6 33.h 35.0 39.1 12.h,  31.8
Pyrophanite - 0.} 0.5 0.6 0.4

[

Rulle - - 3.6

GO E AR e R S T

Perovskite - -

Magnetite ] 5.1 . - -

1 2y
PN

0t G D T R

Crhomite L.8 ' 8.0 21.3
Hematite - - C - -

Totel ,100.0 100.0 .100.0

Table 11-Cont'd.

llmenite from conglo-
: merates in the water-
Ilmenite from the kimber- Ilmenite from shked between Markha
Numbers lites of Africa and USA baslic rock and Tiung Rivers
Numbers 8 9 10 11 12 13 1

Chrichtoaite 59.5 51.5 59.5 60.1 89.5 87.5 75.1
Geikielite 33.3  h1.3 2715 ah.2 5.0 B.6 k.
Pyrophanite 0.6 - - 0.5 - 0.9 0.6

Rutile - 7.0 0.5 "10.1

Perovskite - - - - 5.1
Magnetite 23+9 Le9 - -

Chromite h;3' 2.5 5.6 L.l . . 5.0

Hemanite - - - -

Totel 100.0 100.0 100.0 100.0 100.0 lOQ.O‘

Footnotgi The samples are numbered 2s in table \10.
The chemnical composition of ilmenite Cfrom the gravel of
watershed reseables ilmenite Lrom traprocks.
The magnetic varieties of ilmenite as seen in table 10 &are .
characterized by s very considersble eontents of ferric oxlde (up

to 38 percent) which, evidently, accounts for their megnetic prop-

erty and for a higher specific gravity.

-96-

Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001800150007-5




Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001800150007-5

Tre interrelation between the specific“gravity snd th®
magnetlic properties of the llmenite ls clearly snown in Figure 60,

where spec;ffc gravities are indicated along the exis of the
abscissa.- The specific megnetic susceptibility of ilmenite with
different degrees of magnetlzability of the ilmenite fraction 1is s
shown aloﬁg the axls of the ordinate. To obtain these fractions

a sanple of the ilmenite was taken from the eluvium of the kim--
berlite pipe "Mir". The sample was divided in an electromagnetic

geparator and the current changed from 0.1 to l.la (table‘12).

Table 12

Nuaber Current divlded Contents of Speciflc Specific mag- "’
of into x in fraction in Gravity netic suscep-
Fraction separator *  the sample, of tivility
in %,accord- Fraction x *10-0CgBu0
ing to welght

0.4 5.3 L.680 960

0.5 10.5 L.636 321
0.6 15.6 L.525 2L1
0.7 22.0 L. 608 175
0.8 21.9 ) L.590 1k3
0.9 b L.580 113
1.0 7.8 L.575 - 83
1.1 2.5 L.s7c 87
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The specific gravities of the fraction were determined by
V.K. Konopleva with an accuracy of +0.002. The value of magnetic
susceptibility was determined by I.Ya. Bedeker with the help of an

induction device at the magnetic station of the Geologorazvedka

Plant (Geological Research Plant) in Leningrad with sn acecurscy of

one to two percent.

It ls commonly assumed that ilmentte can retain only small

Quantities of ferric oxldes in & state of s=olid solution. Further
research 1s needed to determine the state of ferpic oxides in the
tested ilmenite samples. Graing of magnetic ilmenites seen under
the mlcroscope in the form of polished microsections (without an
etching test showed thet in the overwhelming ma jority of cases
they had a homogenous structure that could not be distinguished
from the structure of non-magnetic or very slightly magnetic grains

(only two grains from among several dozen spllt into two phases).

It 1s not impossible that this great quantity of ferrie
oxide 1is preserved in the ilmenite without decomposition of the
solid solution ss & result of its quick cooling during the process
of hardening.

In addition to a high content of magnesium ang ferric. oxides
that llmenltes from the dianond-bearing kimberlites are character-
ized by presence of chromium, although it is found in insignificant
qQuintlties. kvidently, it is not cheracteristic for ilmenite in
traprocks. Table 13 shows the resvlts of g semi-quantitative
speptfum analysis of the six rauples (no. 1, 2, 3, b, 5 and 6)
of ilmenite from thk kimberlites of diamond~b§arlng placer depos;ts
(their chemical composition ixm showh in table 10, the corresponding
numbers are 1, 2, 3, I, 5, 6 and 7)‘and, by way of comparison, a
-sample of ilmenite from the aifferentiated.traps of the Alamdzhalta

intrustion (No: 12, table 10)%.

% ~ Spectrum analyses were conducted by Ya., M. Kravtsov in the
Leboratory of the Gentral Expsdition of Union Trust No. 2.

| T
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Numb‘er of. Samples
Elements 1 2 3 N __ 5 b 7

S1 . 0.1-1.0 0.1-1.0 0.1-1.0 0.1-1.0 0.1-1.0 0.1-1.0 0.1-1.0

71 10 210 210  »10 210 »10  » 10

Al 0.1-0.3 0.1-0.3 0.1-1.0 0.1-0.3 0.1-1.0 0.1-0.3 0.1-1.0
g > 10 >10  1.0-1.0 10 1.0-1.0 3.0-6.0 1.0-3.0
iin 0.01-1.03 0.01-0.03 0.6-1.0 0.6-1.0 0.06-0.1 1.0-3.0 0.06-0.1

Cr 0.6-1.0 0.1-0.3 0.01-0.03 0.03-0.06 0.03-0.06 0.01-0.03 Hot
Found

Nb C=0.01 - - ' - - Co- -

0.n3-0.03 0.01~0.030.1~0.3 0.1-0.3 0.1-0.3 0.6-0.1 0.06-0.1
> 10 ~10 2 10 » 10 210 10 >10

0.06-0.1 0.03~ﬂ'.06 0.1-0.3 0.06-0.01 0.1-0.3 0.1-0.3 Not
) . Found
S - ~0.001 ~0.001 ~0.001 ~0.01 0.1

:
;
;
:
i
H
N
:
K
4
4
i
b
:
2
7
4
B
§
%
i
i
:
:
%
i
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o

' Figure 61 shows the graphic results of the spectrum . _l
analysis of these samples. -

As shown in the table, ckromium end vanadium are present

in ell the samples of i1lmenite from kimberlites but were not found
in 1lmenite taken fron traps. The presence of Nb in illmenlite taken
from the plpe "Zarnitsa" 1s also confirsed by chemical enslysis
(see table 10).

Tis~rather high content of magnesium and the predence of
chromium in ilmenite 1is, obviously, a commnon geochomlcal pecul -
iarlty inherent in the complex of minerals of ultra-basic dlamond-
bearing rocks of the Siberian ﬁlntform, as distinguished fron
minerals in trap formations (these ilmenites are not craracteristic
of them) and from corresponding winerals in the rocks of the
crystalline foundastion of the platform.

Magnetite

Megnetite occurs rather comnonly in the minerels of kimber-
lites. lMarnetite could be clagsified into two genetic groups: %
1) magnetite formed simultaneously with the rock; :
2) marnetite formed In the process of serpentinization.

Hagnetite is wgually encountered in the form of engulsar

grains that are trapments of crystals. PFrequently, these gralns

and the rock are interpenetrsted. Some larger magnetite aggregates

heve a divergent formation (Figure 62). It is 2lso present in
the fora of reinform sinters (See Firure 65) and sometlmes in the
forin of fine drrses or individusal fine octahedron crystals. (Figure
| 63, 6l).

g Belpw gre 'ne results of semi-quantetive specrum (Figure

~1k) snd chemical (teble 15) anslyses of magnetite from kimberlite

pipes "Zarnitsa" and "Mir".

-98-
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Table 1l

Origin Si Al Mg Ca Fe ¥n Cu Ni Cr

"Mip" 0.1-1.0~0.1 0.1-0.3 0.0l 210 ~0.01 ~0.001 ~0.001 40.10

"Zrrnitsa" 0.1-1.0 -  0.1-0.1 0.01 »10 0.03-0.06 - - -

Table 15

. Origin
Oxides THip " WZarnitsa™

$i02 1.56 0.20
Ti0p 0.ho 0.80
Fe0 25.20 27.93
Fep03 72.10 69.30
Mn0 - 0.23
HMgo 0.90
Total ‘ 99.36
Specific Gravity with t=22° k.82
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Olivine

hs already noted, the olivine in kimberlite§ is usually
almost entirely replaced by serpentine and other secondafy
minerals.

A few grains of uhaltered olivine were found in the concen-
trates of the kinberlite pipe "Zarnltsa." The crains sre smell
(from two to four millimeters), colorless (Figure §6), semi-~
transparent and with 2 duil surface. The color varies from an
almost colorless shade to olivé green. Mostly 1t is a light greenishO
yellow.

Table 16

: : Atomic quantities of oxygen in

:Atomic Serpentine Diopside : Ferric

Composition : : :
:Gravimetric:iolecnlar:quantity: (mg,al) : Ca¥g(si, : hydro-

:Quantity :of oxygen: /Oh/h/sggogr 0q oxides
ko.82 679 1358 12’ 26 -
traces - - -

0.09
1.1
8.06
0.06
k9.10
0.70
0.27

" Indissoluble .
- Products 0.tk - -

' Total wndi1 Sl b2 35
: " Teble 16-Cont'd.

g . :Atomic quantit.ete: : ’ R
gy Composition: Olivine ¢ Number of Atmos of : Number of cations
s i (Mg,Fe)p : oxygen in olivine : in olivine

Slah
‘stop 1320 : 2.01 1.00
T10p - \ - 4 -
41204
Bep04
FeOA

‘Mno

H,0 -
Indissoluble Prod.-iS
Total. .

'"!_ DR R R N g
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Common multiple l:2622 = 0.0015

Crystsllochemical formuls of olivine:
Gigy .52, Feg.17) (5101, )+ 0.08 (tg.a1)3 (01, [ST;051}#0.07 J vadg

’Sizobf; '/‘0.05[1"16203. nH2O)Z

A considersble quantity of olivine was found in the

eluvium of kimberlite pipe "Delnsya." the indices of refraction
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oflthis‘oliving are as follows: Hg, = 1,652, chemicaiAcompo-
sltion and conversion date are showm in Tablellé (analyst

B. D. Bugreva)e The results of chemical analysis. shown that
olivine contains only about 9 percent fayalite component, i.e,
the ol%yine has a high content of magnesium which is charactere
istic of serpontinelin ultra-basic rocks.

Diopside and Chromdiopside

Diagp side was rare in the grains of all deposits undor
study. ‘These graing are composed of angular fragments.. Their
color ranges frcm almost cclorless to bottle green. The size
of the grains varies between two and five millimeters. The
grains are semi~traonsparent and transparent. The surfacé of
the grains in uneven, (Figure 67). TFresh fractures have a
glassy luster,

The optic censtonts of the bottlo groen diopside from
the kimberlite pipe "Zarnitsa" are as follows:

Hg = 1.712; Np = 1.690; Ng~Np = 0,022; 2V = +620

No chemical analysis is available of pyroxene anéd the
narxe has boen chosen arbitarily.

Chromdiopsideis aléo very rare in the
kimberlites of pipes "Mip" and "Zarnitsa". The size of the
grainsg, their form end surface are similar to the gralns of
diopside (Figurs 68). The color of chromdiopside varies from
dull to emersld grecn., As already mentioned above chromﬂiopside
is found in the cluvium of the kinberlite pipe Zagadoctmaya"
in groat quantities, but usuwally its grains aro decomposed,
and linmd.with numercus cracks that are filled with grayish-
pink pfoducts of decomposition. The color of this chromdiopside
is a pgle grayish green,

The optic constents of the emerald-greon chromdiopside
from the kimberlite pipe "Zarnitsa" are as follows: Hg = 1.706;
Np = 1,680; Ng-Np = 0.026; 2V =+63°, Thepleochroism in Ng
is a grass-greon color; in Hp yellowlsh-green. The indices
of refraction of chromdiopside were measured for plpes "Mir" ang

"Zagadochnaya" with the fellowing results; Ng' = 1.696. Np' & 1.676.

Table 17 shows the results of chemical analysis
(Analyst V. Koviasin) and the ‘conversion: data of chromﬁigpsgdq
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from the pipe‘"Zagadochnayg".
Table 17

: ’ ¢ No.of oxymen atOhslin: N
Composition:Gravi-: Molecular:.Serpen- Chromdiop- :Number of atoms:Numbe

cmetric: uantity : tine side :of oxygen in
: . . schromdiopside

sh.25 ! 28 1778 3.75
1.07 28 0.06

1.k0 L2 0109
1.50 27 © 0.06
1.82 . 36 0.08
1.2 18 0.0k
n.10 o -

16,70 Ll | A .79
21.60 1.13

)
)
)

Nag0
Ho® 0.05

Indissoluble
Products 0.50 28

Total 100.33 1952

Common denominator 6:284l; - 0.0021
Specific gravity - 3.05

Crystallochemical formnla of chromdiopside:

Ce1.13 Meo.79 Fe "y, (Cro.o5* Feplg) 's11.47 ™%.03 Alo.06 %

7 0.025 Mgz (OB)), 131205}j 0.006 Ho0
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. Perovskite

Table 18 shows the qusntitative spectrum analysis of

perovskite from the pipe "Zarnitsa' where it &s found in the
form of extremely fine (less than 0.1 millimeter) cubic crystals
{or frapments) which frequently form crusts on the surface of

the greins of llmenite

Tgble 18

Elements Pe Mn

Traces Trsaces

Chromite

Chromite is very rabve. It is found in the form of
small (1.5 to 2 millimeters) black grains. Fresh fractures
are piteh black.
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Fine laminae have a brownishnreé transluscerices The
grains are representod either by small crystﬁls, crystalline
fragments or crystal olusters.

Octahedral faces on the erystals are rather cormion, but

sometimes combinegticns of cubes and octahedrens are found., TFree

quently, the edges of the faces are rounded, which lends the
crystals of chromite a typical somewhat elongated appearance.

3 Phlogoplte _
- In tho eluvium of tho kimberlites phlogopite is usually

! represonted by roundod greenish-brown blades. It cecurs rather
5; rarely. Ccnsiderable quantities of phlogeplite were cbaerved

; in the kimberlites of tho pipe "Zagadochneya" (Pigure 69).

I In the pipe "Zarnitsa' (Figure 70) chloropite develops
instead of chlorite. .

i In one of the grains of byropo takon from the pipe
"Zagoadochnaya" phlogopite laminae developed e long cracks which
teatifies to secendgry its formation. (Figure 71). Secondary
phlogopite was also identifjied in the limestcne xenoliths of
other rocks.

An optieal investigation of several samples of mica
from the eluvium of the kimborlite pipe "Zagodochnaya® was
conducted by M, Fishlin (Faculty of Mineralogy, Lvov State
University) with the fellowing rosults: sample Ho. 1 « brown
mica (turns 8ilvery whito and expands when Warmed up), Nm < 1,56k
= Ng, Hp = 1.637; éamplg Ne. 2 yoellowishegreen mica (turns:
silvery white and oxpands when ﬁeated); Ng = 1.566, Nm = 1.56&,

p = 1.535.

Accordinb to optic .data these two samplos contain

vermicullte - a micaceou phlegopite.’

i -

Chlcrite

Great quantitics of chlorite wore chserved in the eluvium

of the kinmberlitos of the Melaya Batuobiya River. Together with

serpentine they form a light grainy matetal.
Chlorite is encountered in the form of fine grayish-

green lominse vwith a bluish tlnt (flgure 72) Waite calcite

=102- °
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(Ng = 1.666)and dolomite (Ng - 1.(’;82)~ was frequently observéd‘ :

in the grains of chlorite between laminse.

Table 19

] : : Atomic ™ [ N
Gravimetric: PAolecular: Quantity of: wg:l:;gegf : Nurg?er
.. Quantity: Oxygen H atoms ¢ Cations

Composition

. er e

10, - 30.1,8 507 101} 3.h2 1.7

Ti0p 0.32 b 8 o.oé 0.01

41504 ‘ 8.h2 82 2be -0.82 0.5l

Fe04 7.31 L6 138 0.46 0.30

Cr203- 0.26 ; vy 0.01 -
Fe0 6.81 , 95 0.31 0.31

#n0 0.06 ) ’ 1 » -

NiO 0.13 1 C - -

g0 25.18 621 (581) 1.95 1.95

3.79 66(-) - : -

K50 )

Njao; 0.30 0.01 0.02

ix?_o-g 1.2} 69)

H,0+) 11.13 6193598

65 L.83 218

PgOS Traces | -

Total 100.17 3105

9~O
-32?(Ca,Mg)co3
2778

-90
£96 2688

SN -G
| = Y

s, faTd B gt Tl
S A et G T 2t i g U g e

2mC-XKA ' 2. - b
X = 2m-FK = 2 .62? L2778

C- X =688 - 90 = 598
Common denominator 2 688:9- 299

I Eride

Crystallochemical formuls of chlorite:

Ko.02 (ME1.95, Pers [ i1 s fheses |
0.02 {Mg1.95 eo.31§'flo.32jfbeo.3o} Shn TiO{Ol

MY B LB

R

—~O.3H20' 77°0.3 (Ca, Mg) €Oy

FOHIN Wi

it
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*.. Table 19 shows the results of the chemical analysls of chlorite
(analyst: K.A.. Baklanova) taken from the pibe "Mir" and its
converslion#. The quantity of calcium and magnesium was not in-

cluded in the conversion. This chlorite has the following data:

Nm = 1.595; specific gravity - 2.62 - 2.67.

The chemical anelysis shows that the chlorite contains
some Ni and Or which evidently account for the unusuél color .
of the chlorite.

The differenbial thermlc curve of chlorite is shown in

Figure 73.#% The first endothermic effect within température

#-The conversion of the chemlcel analysis to obtain the crystsllo-

chemical formula wes done afte$ V.S. Sobolev (19h9).

-103g-
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ranges of 110 - 190° was caused by the absorption of water
(confirmed by chemical analysis as shown on table 19). The

second and third endothermib effect within the temperature

ranges of 525-700° and 710-820° is & result of the isolstion
of chemlcally combined water which is caused by the different
character of the bonds of thig water in chlorite., The character-

istic exothermic effect at a temperature of 860° is not very

pronounced in view of the emergence of an additlonal endoeffect
at a tempeptature of 830 to 8&0?. It hes been brought abouﬁ by

the dissoclation of calcium which had hot been fully eliminated

when the material was selected for testing.
V.I[. Mikheyev conducted an X-ray enalysis of the chlorite
and the calcvletions of the Debye crystallogram are shown in

teble 20.

Number
of
Lines

8.88 ,
(7.97) : 1h.26
7.1 7.1 1L .28
5.00 ! 5.2
"Lt L.72 .21
l.56 - '
(3.90) 5 . 393 00k 14.28
"3.58 10 3.8} - k.32
3.35 Quartz Line '
(3.18) 1 3.12 ' 1&.&36

TOCD\}O\U‘LE'UJN)—‘

oo
= o

3.01
2.883 ' 1h.h1s
2.660

[
W

2.570
2.h56

2.h03 . 1h.418
2.277 '
2.195

2.018

ST
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Table 20 -~ Cont'd.

Number
of
Lines

20 1.897 1.719 1.88
1.805 1.636 1.83
1.737 1.57h 1.73 060
1.5662 1.506 1.06
1.569 1.bh22 1.552
1.5h2 1.398 1.5h0 060 9.252
1.511 1.369 1.505 '
1.LK6 1.328 1.460
1.282 1.33h 0.0.10 1k.150 ;
1.201 1.323 koo 5.300
1.175 1.29h
1.148 1.283
1.227 1.112 1.220
1.195 1.08) 1.192
1.179 1.067 1.176 0.0.12 1h.12L
1.1h9 1.0k2 1.1)8
1.332 1.026 1.132
1.109 1.005
1.098 n.y90 1.095
1p 1.080 0,979
2p 1.0h6 0,98 1.043

Judred by the distribntion of the lines and their
reletive Intensitites chlorize is densgitit'led In the test as
shown in the same teble by compaibison with the data of s
stendard test of prochlorite.

A bright line with a plane-to-plane distanpe of 1.53¢

to 1.552 2nd a series of. bright reflgpPLOhs»Qf basic phnacoid

are characteristic o ballograma=of chlorite snd of

\

bedded silicste.
A Deb
line Qf'l;S&é

ol =3 B >
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Teble 20 - Cont'd.

aB
h

1.897 1.719 1.88

1.805 1.636 1.83

1.737 1.57h 1.73 060
1.662 1.506 1.66

1.569 1.h22 1.563

1.5h2 1.398 1.5h0 060
1.511 1.369 - 1.505

1.:66 1.328 1.460

1.k15 1.282 1.33h

1.325 1.201 ' 1.323

1.297 1.17s5 1.29

1.267 1.148 1.283

1.227 1.112 1.220

1.195 1.08) 1.192

1 1.179 1.067 : 1.176 0.0.12 1).12)
1.149 1.0k42 ) 1.148
1.332 1.026 - 1.132

1

1

2 1.109 1.005
1

1.098 0.990 1.095
1p 1.080 0.979
2p 1.0k6 0.9,8 ’ 1.043

Judged by the distr;bntion of the lines and their
relative Intengitites chlorize is dengitified in the teat as‘
shown in the same teble by comparfson with the data of a
staﬁdard test of prochlorite. '

A bright line with o plane—to—plane.di$tance of 1.535
to 1.552 and & series of bright reflections of basic pinacoid
are characteristic of Debye erystallograms of chlorite and of
bedded silicate.

A Debye erystallogrsm made of the sample shows a bright
line of 1.5k2 angd & series of multiﬁle reflections.

The leading lines of the Debye crystellogram of the
tested sample are easily identified gng the'symbols“oﬁhthe

L0 ~a:’.-,,,

IS SR SR e Merwd fub Gt VAR under
g
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reflocfod surface -grids aro sewn in table 20,
The table shows seven sequences cof reflection from
_ the planc of the pinacoid: 002; 003; 004 005; 006; 0.0.10;
0.0.12. The value c-sin™= 1.2 15 easily determined with
their helps The tenth sequence ofrréflecticn is mos% poliable a0

that 144150 is obtained for c.sin,

The bright line 060 with a pléne-to-plune distance of
1.542 allows to determine the length of axis b of the olementary
nuclous of the chlorite (b = 9.252 kx). Tinally, reflocticn
LOO (2 line with a rlano-to~plane distance 1,325) allows to de-
termine that d*sin B= 5.300 kx. Tho results of nll these calcula-
tions are shovm in tho last column (Q) of the table.

Thus, the elementary nuclous of the tested chlorite

rather accurately determined.
Serpentine

Serpentine is very common in the eluvium of the
kimberlites in the Daaldyn and Malaya Batuobiys regicns whore
ferms the basic mass of & 1ight fraction of grainy materiel.

It 1s represented by grayish-white pale green, dark
green, yollowish brown end brown rounded grains. TFrequently,
pseudomorphs after crystalline olivine are encountered. The
Taces arc so clearly marked that the angles between them can be
measured with the help of s gonimeters. 'The size of the grains
Vgries from 1 to 3-i millineters, with the average size amounte
Ing to 1.5 to-2 millimeters. . ‘

The gomicmetric research of the ﬁseudcmerphs of serpen-
tine after crystalline olivine was‘conduéted by M. M. Slivko -
(Faculty of Mineralogy, Lvov State University) on a cne-disk
gonlometer with the minimum divisicn on the nonius of 30."

Pzoudomorphs of lipht ercen-gray serrentine. The size

of the crystals varies from 0.5 t6 2.5 millinters, The faces of

the crystgls are, 3s a rule, uneven, ondulated with rounded
edges. Under a binceular magnifiér'the ¢rystals are hetercgen-
ous and have a mesh bexture.

=108~
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The following simpla Lorms were establiﬁhe? on)th?
above orystals ‘with tho help of a goniomber: (110), (120), (021;

(. ) ( ) (- ) ( )
(201), pinacoida (010) and (001), dipyramid (111).

The habit ef the crystals is coiumnar, but the erystals
are Irequently depressed along tho edge of the second pinacoid

(010) which londs them a flattenod appearsnce. The pindcoid

( )
(001) is slightly developed gnd only rarely ebsent,

Along with flattenod forms, crystals with isometric
profiles are found, perpondecular to (001). These crystals are
usually elongated ratio 1l:h reaches 2.5 : 1),

Psoudmorphs of llght green and brownish serpentine.

The size of the crystals reaches 0.7 millimeters. They
are more pogular in form than the above variety. The same simple
forms, however, arc discovered on the crystals, Gontrary to the
light-green and gray verieties these crystals have shorter columms
and are rarely flattened.

Tigure 7L ond 75 shows an orthogenal picture (exis z
and axis gp which colneide are porpendecular tc the diagram) of
first and second crystalline psoudomorphs. The side of the faces
as well as the slements of symmetry of these crystals and the
angles between the normals end the planos merk these pssudomorphs
as members of the rhombo-dipyramidal group of the rhombic syngomy s
i.c. the symmotry of olivine crystels. However, the angles be-
tuween the normals and the faces of ﬁho‘crystals deviate scmewhat

from these of olivine (table-21,) This is evidently due to the

process of deccmposition that accounts for distortiog ofthe
angles. ‘

Ilere- gre the results of tho optic tests of serpentine:
Semple No. Lg Seréophite ("Zornitsa®) N= 1.566 - 1.549. Slightly
birefringent. ‘ ‘
Sample 5 .« Serpentine ("Zarnitsa") Ng= 1.558; Np= 1.548.
Colurmar. Dolomite with Ng~= 1,680 is present and calicite and
insignificant quantity of calcibe with Ng = 1.662,
Sample Na, 2.+ Serpontine (pipe "Mir"). 4nalogous to preceding
sample No« S5g4
' -106-
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Semple No. 3c¢c. Serpentine (Pipe (uMir"){ Columnar. 'Ng = 1.558 -

1.560; Np - 1.546 - 1.548. Great quaﬁtities of dolomite with
Ng = 1.678 - 1.680. éalcite was not encountbred.

Samples No. lic and 5c were subjected to thermic tests
(Pigure 76, 77).

Sample No. lLec 1is a serpophite. It 1s cnarscterlzed by

two endopeaks which correspond to the igolation of the water

NGB T i

of absorption and constitntion and by two exopeaks (at 300° and

¥,

T
2R

810°) the nature of which has not been established. Sample No. §

S AT

is enalogous to the preceeding one. Endopeaks at 770° and 810°

ool

form one endopeak torn by an exopeak. Dolomite with Nm-1.680

oy

was found optically in the greins but since the peak of dissocla-
tion of the magnesla conponent coincldes with the endothermic
stop of serpentine it appears (from Lhe curvés) as if onl& .
calcite were present in the serpentine. The temﬁerature of the
dissociation of CaCO3 shows a tendency to drop which :s typlceal
for the decomposition of calcium when esdmixtures are present.
Table 22 shows the results of the chemical enalysis of the
samples as well as the crystallochemical formules. The corres-
ponding quantities of Ca and ¥g were not included into the cal-

culations.

Teble 22

S a m p 1 e s
Composition - No.lic No.2c Ho.3c

810 hi.o2 _33.80 38.11

Ti0p . 0.06 0.08

Al1203 . 0.57

Fe203 1.L9 3:22 3.85

Crp03 ' 0.05 0.05
2.77 2.28

0.08  0.08
0.21 . 0.20
6.80 .00
31.53 ‘ 33.30

7.

Declassified in Part - Sanitized Copy Approvd for Release 2013/02/25 : CIA-RDP81-01043R001800150007-5




Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001800150007-5

e P o 7 £ e o N £ ey Eak B e

Table 22 - Cont'd.

S .é m p 1 s

)
Composition No.5c No.lje No.28 Ho.3c

Indissoluble
Products 10.1) ° 1L.00 9.79 10.59

Cop 9.87 0.96 . 9928 5.85
Py0g 0.053 0.013 0.22
Total 99.97 100.28 100.5L  100.45

Specific
Graviry - 2.h3 2.9 -

Anelysts K.?S V.Rov M
. /S, o - « Stukalo
Baklanova ilazina ve
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Crystallochemical formulas of serpentine:

——m

(ﬁgg.sl Feé:lh) (Alg,q) Feg; i), ) (OH)) &a;g@;t 0.43 H20 +B.oh 510,
*0.76 (Caitg) 04
(Hga,51 Fey'y ) Feplig (ou)hls;205J0.27 Hp0 Fo.08 3102'+o.h3
(Ca,Mg)CO3
Mg2.93 Fedig) (OH)) Sip0g « 0.42 Hp0 0.06 (Hg,Ca)C03

We2.51 Feg 7y 31 (Alp.03 Fegiop) (OH)) iy g9 Tip o1 O5) |
*0.39 Ha0 0.81 (Ga,Mg) co3 To.13s10,

Calclostrontisanite

Calclostrontianite was found only .n the eluvium of
kimberlite pipe "Zarnitsa" where it 1s almost the sole member
of the heavy non-magnetic group. It occurs in the form of closely
Joined divergent aggregates of snow-white aciculae that are
occasionﬁlly begine or yellowlsh-brown through the presence of
ferric hydrox{§$s. These gggregates are frequently completed by

reniforn sinters. They are colorless, semi-opsque or pinkish

and brownish through the presence of ferprlc hydroxides (Figure 78).
The materisl is biaxiel snd negative with Ng = 1.67).
The size of the aggregates of calciostrontianite rescres up to
0.6 o 0.7 centimeters.
Table 23 shows the results of & chemical analysis of
calciostrontlanite conducted by K. A. Bsklonova end convertegd
into crystalochemlcal formula.

Table 23

. : :‘Conversion sMole- H H ]
Composition: Grevometric : of carbonate:cular : SrCOB:QaCOB: MgCO3
: % : by 100% tquentity : :

S10, 0.1k -- - . -
cao _ 6.88 6.90 123
Sro 61.00 61.19 591
Ba0 Tracds - -
HgO : 0.29 0.29 7
CO, . 3l.52 © 31.62 718

- Total .99.03 100.00

Crystallochemical formula of calciostrontiente:

(570,823 C85 191 ¥8 o, 0pq) ©05
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According to V.P. ¥vanova's dsta the temperature of
reversible polymorphous conversion is greatly reduced In comparison
with pure strontianite which is, presumably, a result of the

isomorphous sdmisture of calcium. However, the content of calcium

id strontisnite is lower than shown in ‘the above f‘crmula since.a
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.loss in'wélght 1s observed during heating which corresponds to

the decgmposition of 2 certain psrt of calcium carbonatq, pre-
_sumebly the sdmisture of calcite.
Calcite

Calcite occurs commonly in 21l deposits. Ususlly, it
is found in the forms of transparent or seml-transparent
crystalllne cleavape fragments. Less often Lt is observed in the
form . of tiny scslenohedrons (Figure 7). Sometimes celcite is
beige or brownish whlch testifies to ferrlc hydroxides. Rather
often the crystal's and. trke grains of caleclte are saturated with
dark opague inclusions. The index of refraction of calcite
crystals is Ng = 1.066. Table 2L shows the resvlts of & chemical
analysls of calcite from the eluvium of pipe "Mir". It is con-
vertea into a crystallochemical formula (specific gravity 2.73).

Table 2l

: Gravo-: Conversion of :
metric: carbonste : MgCOB: SrCOB FeCO3

Composition :
: % : 100%

Si0p 2.56 -
A1203 0.51

Fe0q 0.07 -
Fe0 0.1k 0.1k
MgO 0.78 0.80
Ca0 52.8) gl .59
Sro - 0.3 0.1l

Cco> h2.62 hl:.03

Totel 99.95 100.0
Crystallochemical formule of calcite:
(Ca ] ' 7
0.974° “€0.020° 5P0.004* Fep.002) 03
The differentiml thermal curve for calcium (Figure 80)
shows the characteristic endothermsl effect at g tempe rature

of 9549 Which testifies to the dissociation of calcite.®

*-Research was -conducted in the Thermic Luboratory of the all
Union Scientific and Research Geological Institgte of the
Ministry of Geology (VSEGEI) under V.P. Ivanova's guldance.

N -1"—':;
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QUARTZ
Quartz is found in most deposits in rather small
quantities., Therc arc two greups of quartz:
e) quartz from xenoliths, usually found in the form of
small turbid rounded graing;

b) quartz cennected with superposed hydrothermal pro-

cosses, i.e, secondary quartz. It is cfton observed in well
formed small (up to 2.5 millimeters) crystals with prismatic
ané rhombohedral well marked planes. However, 1t is even more
froquently found in the form of spindle-shpped crystal clusters
usually topped by several individual rhombohedral caps.

The grains and crystals of quartz are usually as trans-
paront as wator but also frequently of a beautiful yellowish-
orange shade or of vorious shades of brown showing tht they
contaln ferric hydroxides.

Pyrito

Pyrite was found in vory small quantities in the eluvium

of thepipe "mir", It is formed either of crystalline cubes and
fractures or of ball shapod small (up to two millimeters)
divergent aggregates. (Pigure8l),.
Freguently, both the grains and the crystals of pyrite
contain ferric oxides and are, therefore, reddish brown.
Distheno )
. Rare @isthene was found in the pipes "Zarnitsa" ang
"Zagadochnayah. The size of the grains varics frm two to
four millimeters. The grains are blade-like, transparent,
1ight blue or bluo. They heve a glassy luster. Hg = 1.729,
Np = 1.710. ' '
,Grossularite )
Small (from 8.1 to 0.3 and from 1.5 t0 2 millimeters)
grains of grossularite are occasionally found in the grainy
material of the eluvium of kimberlite pipa "mir". MNost grains
of groasularite are charactorized by zonal coloring: in the
center thoy are a decp browm and scmetimes black with a
predomingnce of brownish-yellow or greenish-browm toward the

periphory. (Figure 82). HMost of the grains are semi-octane,

. 'Sﬂ_{"ﬁ-p e
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bﬁt often well-formgd-rhombodoaéchheafons are encountered.
Step-like pockets with polyhedral outlines mark some éraiﬁs of
grossularite., This is, the result of theprocess of growth.
Tourmaline
One rounded muddy-green grain of tourmaline was
identified in the eluvium of the kimberlite pipe "Mir". Under
_the miscroscopoc a pledchroism wag visible; greenish-brown in

Nm to brownish yellow in Wp, Ng = Nm = 1.656, Np = 1.633.

Apatite
Apatite in the form of white grains with Ng = 1,634 and

N¥p = 1.631 was found in artificial concentrates from an eclo-
gite~like rock (kimberlite of the pipe "Zarnitsa') in addition

to pyrope; almandine and plagloclaso,

Plopioclase
The light fraction of artificial concentrates from the

xenolith of an eclogite-like rock ("Zarnitsa")is almost entirely
composed of plagioclase present in the form of angular white
blades, Ng = 1,548 and Np = 1.539. This corresponds to

rlagicclase Ho. 25,

Zircon

In concentratés from the cluvium of kimberlite pipse

"Zarnitsa' several smsll {0.5 to 1.5 millimeters) sharp angular
transparent pale pink grains of highly lustrous-zircon were

recognized., Ng<¢ 1.781.

Brown Ircn Ore

Occurs commenly in all deposits that have been ex-
amined, It is the final product of the decompoéition of’minerals,A
There are ocﬁerous brown, yellow ané red-brown varieties,
Soli¢ varieties’are brown and deep-brown; they are formed of
rounded flat grains with a glossy surface. Grains were also
found where 1light ocherous ferric hydroxides are. interbedded with
sclid, dark -- ﬁsually brown -~ ferric hydroxidee, As almeady

méntioned, brown iron ore forms pseudomorphs after grains and

=111~
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orystals of pyrite.
Dospl te their incompleteness, the above mineralogical
data revoal the striking similarity between the main minerals
in Siberian and in African kimberlites,
Garnet and ilmenite that accompany diamonds show the
most conspicuous similarity, They are used to trace diamonds
in primary deposits, At the same time, the fata vevoeal some
characteristic properties of Siberian.kimberlites and, particularly
the rare occurrence of perovskite. Further detalled study of the
- mineralogy of unaltered kimberlites would provide nowmaterial

allowing to detormine the origin of these Interesting rocks,

in general, andthat of the dlamonds, in particular.

IV. MINERALOGY OF DIAMONDS FOUND IN THE BASIN OF THE VILYUI RIVER

A systematic study of Vilyul diamonds was launched in
1952 under the guidance of the mineralogist and crystallographer
¥e. A. Bobkov whose untimely death occurred during field work,

Foer various reasons and, primarily, as a result of the
rich material that had becoms avallable through research and
investigation on the tremendous terrritory of theVilyui River
Basin and in view of the requirements of practical work, the
study of Vilyui diamonds has so Lar been reduced to morphological
reports on diamonds frem various diamond~bearing areas. Such

.improtant practlcal problems as the cccurrence of Siberian
diamonds in primary deposits, thoir location in placer deposits
cstimates beased on the kimberlite of these deposits, ete.
-were successfully solved,

At the same time, questions pertaining to the physical
properties of diamonds ané their inclusion, etec, 8till negd to
be investigated. ”

The chapbter on the mineralogy of Siberian diamonds
represents merely a morphological report oh their properties anqd
is designed to provide readers only with a general idea on

Vilyui diamonds.

1. General Information on Vilyul Diamonds

~112-
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Size of Diamonds

The size of the diamonds found in rrimery end placer

deposits in the basin of theVilyul River vary greatly ranging
from tiny diamonds thakb welgh 0.1 to 0,2 milligrams to compa-
ratively large (large for a mineral lilke the diamond) crystals
of severhl carats.* Along with amorphous fragments whole
rerfectly formed fine crystals are found among the small varlceties,
The largest or the Imown Vilyui dismonds weighs 32,85 carats.
It was found in the fall of 1956 in pipe "Mip."
The predominmnce of extremely fine crystals and
erystalline fragments in primary rocks ang placer deposits is
a characteristic property of Vilyui diamonds. Oftor, over
half of the diamonds in different placer deposits welgh lass
thatn ten milligrams while 70 to 90 percent of the diamonds
welgh up to 20 milligrams, Large diamonds (arbitrarily, we
include grains that welgh over half a earat -- 100 nilligrams)
occur throughout the area but in small quantities,
The curve that characterizes placer deposits, shows
the dissemination of diamonds according to weight (Figure 83)
(placer deposit "Ogonek" in tho midstream area of the River
Vilyui.,) The curve shows that the maxium quantity of dfmonds
found in theplacer despoit weights under tem milligrams while
the average welght is 13 milligrams since rather large
diamonds occur. Thig Gilscrepancy botween the average ‘Wweight and
the weight of Individual erystals marka all plader deposits.
It is a result of the accurmulation of the grains of dl amonds
in the stresam of water acecrding to Bydraulic 8ize andnot to
‘their weight. Figure 8l shows the curve of the dissemination
of diamonds in .the same Place deposit ("Ogonek™) according to
the redii of equivalent balls, which actually means that the
radius of the ball~shaped particle that settleés in the water at
the same rate as the glven dlamond was determined. According to
the diagram the curve of dissemination comes close to the well

known standard Gauss dissemination which means that the alluvium

X Ono metric carat oquals 200 milligroms,

8 2 h 2
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particles, depositod within a small ares of the bed through
the turbulence of the ecurrent, must be diaseminatod acccrding
to thelr cize under statistically similar average conditions.
Thus, the dissemination of éiamcnds according to size
in small areas as, for instance, in beds of rivers conforms ene
tirely to the goneral laws applicable to all eluvium particles.
Tho discsemination of diamonds according to weight in
the two primsry rock deposits that have so far been investigated
also reflects a drastic inconsistency since =mall diamonds pre-
domingte while large ones are found es an oxception. (Figure
86 and 85), Thus thepeculinr Woy in which the diamonds are
disseminatod according to size is inhoront in theprlmary de-
posits while the diamends are transformed to one degree or
another in theprocess of tronspertation in the eluvium with-
out, however, undorgeing any essential changes.
If the data upon which the curvos oen. Figures 8% and 86
are based wore converted into the radii of equivalent balls,
the dissemination would come close to normal. This is only
natural since theprocescef crystallization is a static process
and the gize of the cryetal in formation does net vary too
much reflecting the average conditions of crystallizgtien.,
In this cose, howover, it is not the welght but the
size of the individual crystals in formaticn that 1s decisive.
Tho average weight of the diamonds in theplacor deposits
decreasss rather regularly aleng with the gurront of diamond
bearing rivers in theAdirectiEn of the established (or presumed)

primary éourqes, In the‘downstream area of the Vilyui River the

average weight decrcases frem 27 to 8-9 milligrams (FigureB7)
and in the midstream area of the Markha River (Fiéufe 88) 1t
decreases from 20 to 7 #mlligrams.x The rate at which the
average whight of diamonds decroasés in pPlacer Beposita in the
midstream aroas of therivers Vilyui andMarkha amound to sbout
three to four milligwams‘per 100 kilometers, The 1inc showing V
the decrease of the average weight in these aress is, in fact,
straight, Aas shown in Figure 87 the curve 1s prconounced near

The diagrams were prepared with a veiw to possible errors in
the determinaticn of the . verage welght, - . .

n]ll‘_-
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the prlmgry source. Tae same is notod on the curve for the
. midstream ares or the Markha River in the area of the placer
doposits of Ustrichnaya - Beregovaya which leads to the 8saumpt -

ion that a primary source that has not been discovered as yet,
mist be locatsd in the vieinity, Moreover, the diagram reveals
that immediately below the pipe "Mir" the size of the diamonds

in the placer deposits 1s much larger thatn in the primary bed.
This 1s caused by tha.fact that directly below the Pipe great 3
quantities of fine diamonds are freeq through the steep leongitudinal ;
profile of o small river so that the placer doposit in the bad

ol the river is enrichod by some large sizo dlamenda,

L LY

Forms of Crystals

All diomonds found in the Vilyui area are either octahedrons,
rhombododechhedrons, or of a transitional habit shapes ranging
from octahedrons to rhombododecahedrons, There are very few

exceptions (Pigure 89). Cubes are extremely rare.

Ob¥ously laminar formation {layers) (Figure 89,90,91)
1s very characteristic of moat Vilyui diamonds, Research rovealed
that in theprocess of laminar growth (in leyers) of octahedrons
and sometimes at relatively earlier stages of crystallization
trigonal or ditrigonel layers which underlay every octahedral
plane begin tubsequently to decresse, Each newly formed layer
does not reach the edge of the preceding onc and is consequently
smaller than the oétahedral plane. As a result the aedges of the
octahedron are erlaced by faces formed of indﬁvidual "phases
of growth" (of the protruding end faces of the layers of.growth)
whilé the flat, even faces of octahedrons decreass in slze.

The overwhelming majority of diamond octahedrons does
not have sharp straight cleavqge edges which are common in many
erystals of other minerals, Speaking of the "edges" of octahédrons’
we aimost never refer to the line of contact on the cleavage
planes but to n step-like or streaked surface that has come
to replace the edge (Figure 92), Even on flat-faced cctahedrons,
a certain widening of the edges of the octahedron toward the top

can always be obaerved.
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The step-like md streaked surfaces that form on the site
of the edges correspend generally to the edges of the rhombodo-
decahedron, Depending cn the stage of their dovclcpment a
gradual transition from an octahedron diamend to a' rhombedo-
decahedron habit tales place.,

Even though individual heavy layers of growth (the
layers that form the "stagos of growth") are trigonal with
sharp edges and vertical ends surfoces with rhombic ocutiines form
a small trigenal terrace like pyramid (usually with a turncabed
top corposed of Sets of parallel layers, “viéently such a
crystal would procude octahedral signals on the genimeter. In
most cascs the differcnt stagos of growth" of such crystals are
rounded and even coarsely leminated formations produce rhombodo—
decahedral signels on the goniometer in the form of blurred lum-
inous trianglcs characteristic of go-called rounded diamonds.

These crystals are composed of ditrigonal layers of
grouth and the striatod surfoces that replace the edges of the
octahedron -- "the edges of the rhombododecahedron” -- are cut
by a seam that runs approximately in the direction of the short
diagenal of the rhombus (Figure 93)e Gredual trensitions arve
obscrvod‘ranging from cryctals wifh distinct schistese stratific-
«tion and corresponding coarse and clearly marked strise slonp
the "cdges cof tia rhombedocecaheéron” on the cne rend, to peﬁfectly
reunded crystals ¢f ciaménds thet show almost ne traceas of
laminar :ormation, cn, t'.c other., (sece Figure 9, 99 96j.

Tyo ciumetrically coprosed vicwpc1nts 8till preveil in
the crystallography of dismencs on the formetion of forms with
curved edges (rounded rhcibododecahedrons). The advocatés cf
cne viewpoint explasin the origin of rcunded rncwbcdodecabedrcns
by cissclvin- processes that effect cctahodrens (I. I. fhafrancv-
skyij) 1948, A.:. Kukharvenko, 1955), According ot cthers, the
fermation of forms «with curved edges is cpused by peculiarities

ecrnocted with their greowth (0.M. Ansheles, 195, 1955} .
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Pwins snd Clusters

Twins and clusters sre not very numberous among Vilyui
dismonds although they ere found throughout the entire are and are
reéher coumon.

In regard to the nature of twinning these diamonds do nob
differ from dlamonds ro;nd in other perts of the world. Cluster
twins, formed accordiné to ths "spinel law" predominate. The face
serves as the plane of clustering. Octshedrons are most comnon among
twinnedlcrystals. This varlety of twins 1is almost alwasy greatly
depressed towards the triad axes that run perpendlcular to the plane
of twinning.

As a result, pecullar "triad" diamonds (Figure 97, 98} are
fromed ranglng from f?nesb lamine (Figure Y9) to almost lsometric
twins. S;metimes rounded diamonds (Figure 100} are twinned accord-
Ing to ﬁhe same law.

Individvel twins very in size (Figure 101). They do not
always grow topether so as to fora anlequiléteral triangle (Figure
102, ﬁ03, 10l). Figure 105 shows a spinel twin taken at & sharp
angle in reletion to the depression axis. On Figures 106 and 107
the same crystal is represented in perpendicular end parallel pos-
ltions réspectively, in relstion to the depression axis. Both crystals

clearly have the flattened form of an octahedron. Tue photographs

also show the aengle of incidenco and the directlon of the twinning
seam where the striation of both twins are jointed represented the
traces of diminishing trlgonal laminae of the crystal.

invmore isometric twans the line of the bwihning seam 1is
often ilrreguler. It forms cracks and small hollows (F.gure 103).
vOccaslonally trisngular hdllowa are encountered along the twinning
seam (Figure 109).- ’

- Parallel clusters of isometrically sheped dlemonds (Figure

110} are also encountered’anong depressed twins of the Vilyul

diamonds [orwed according to the spinel lsaw.

| f . f .
Figure 111 plctured a cluster of three crystals. Two

large octahedfons have a parellel intergrowth. The small third
crystal ls intergrown sccording to the "spinel law." Sometimes two,
three or more crystals cluster in & parallel manner or lrregularly.

(Figure 112, 113)-.
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lstter intersected by s seam.
The followers of the "thcory of dissoclving" cxpsling the
fopat 0. of shen”-llke stristion by proccsses of dissolvine thet

sffect the 'crystsl from the top to the center of Lue edge snd from

PR Pt M T VA TR AT G g ol S

tne edee toward tne center of the octabedral planes. TIhe sesn is

3CE

con-.dered to be & peculivr kind of "wulerline™ tnst shows the min-

inmua rete sl aldich 4dissolvin  teres jlece frou tie top wI tre octehe-

TR TGRSR

dron dosnsvrd. Tone  ve - ent zipzapping snd shifts(wnich often srk

very conspicuous) of tuis line in che dircction «1 one of t: e tops

(A.A. rukharenxo, 1 -+5) is «lro cxnlzined by this tuoeory.

U R E T DTN

Con.rivry Lo t i¢ sc ool of t.oughil, Q... insneles (195)

Ty

ex;'lelne the {urusrion if dislr.concl leyers i1n the process ol roewth

‘e o

by t-e pecenlisr prorertlies of tneir texture.
Ferallel end «recf-11 e etristion is cxtremely commnon and
“eres wdst oer ostels L f the JVilyi diimonds t one stvape f develop-

ient or ~no' her.

Invergely ferellel v cn-vlar ollows on Jotahiedrnl Kpces

Trignruler nollows thet sre citner inversel; ;.srsllel or
grow inversely In rel:tlon to tre octahedral fuce (with tre vertexes
dirccted tosssd the edres snd tic cdres towerd tie verivexes of the
faces) sere frequently observed on octshedrel [aces of d.samonAds.

At tiaes, tuey rerrcsent s r ther large ;rowth ti:t sceupiles gn
escoutial ~ert .f the face shllo they tlgo oceur in the form of ex-
trencly fine foru: .ions thet look lixe & reésh on tie plane sipface
snd &re only vis ble under the .ilcroscope.

Th:e cowmon tr.:nsuler nollows ure usuelly devressed
(Flevre 119) but trere sre slso lrree, deep nollows with terrace
valls (ricurc 117).

Very often a series [ emall trisnguler nollows develops
on Lhe ace of une oclalcdron r ong the cracws of the octanedral
l'aces formlng a chisrscteristic psltern of .ntersecting llnes {Figure
118). Occusionsally, tre plene surfaces of the octahedron are den-
sely cavored by trigonal natterns of such hollows.

inversely perallel iriancnlar hollows are extcremnely common

dianonds throujnovt the world and ere well xnown ln literature.

Lo e SRS 4, s Fe s TR e e &2,
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Nevertheless, there is stlll no unanimous opinion es to their origin.

Some scholars dare convinced that they are connected with the gréw?h

of crystals. Others belive that most of these form;tions are assoc-
lated with the different forms of corrosion (A.A. Kukharenko, 198l ).

When these hollows start to form while the faces are grow-
ing as Individual laminsted small pyramids from the vertex of the
octshedron (Flgure 119), or when one side of the hollow remains open
(Figure 120) during the growth orlginating with two vertexes, their
formation 1n the process of the growth of the crystal is beyond eny
doubt. As regerds the formation of numerous trisngular hollows that
sometimes cover the fsce of the crystal, we know that the faces of
real crysials are not perfectly repular. In seversl polnts on the
plane surface they sre uneven, have hollows, protrustions and other
defects. It 1s most likely that some of these polnts (because of
dihedrel and trihedral angles) are energetlcally best sulted to
recelve the particles of the solution or fusion. 1t is these points
that the sedimentation of the matter that is subjected to the s ymmetry
of the plane sets in, i.e. on thea plene surface of the dlamond
octahedron equllateral tralngles develop from esch of these points.

The location of these points of growth wlll be uccidental
in reletion to the face of the octahedron snd in relstlon to each
other, since any defect on the plane surface at one polnt or another
has also formed accidentally (Statistically spesking). Evidently,
whenever there are three or more "points of crystallization" on
-one plane surf{ace énd for one reason or another the layers do not
cover the entire -plene the sbace between the trlangles of gpbwth
will inevitably form inverse triangular hollows.

We should like to emphasize that the nuwberous experiments
deslgned to briﬁg about a corrosion of the faces (to which the
advocates of the formstion of inversely parallel trlungulsr hollows
ustially refer) inevitsbly produce the same results; in the proéess
of dissolving the laces are covéred by triangular hollows which

gradually scquire rounded outilnes. This is brought about by the

fact that dissolving or fusion starts at thé defective point of =a

face and 1s subjected to its symmetry. A.A. Kukharenko's claim

~120-
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(195h) thet. trianguler hollows are always observed on octaheidrons
with "diseolved" edges 1s erroneous. It is easlly recognized from
the microphotographs in this book taken of crystals that revel no

traces of diwsolving. However, directly parallel trlangles of de-.

pressions were observed only slmultaneously with other treces of
corrosion on the diamonds (M.A. Gnevushev, 1955). Thus, loversely
parallel trisngular hollows definitely form in the process or

crystallization.

Tetregonal Figures and Patterns at the Vertex of Octahedrons

Tetragonel figures and patterns were observed at the vertex
of octshedrons on many thin-bladed crystals of octshedral habit.
The included microphotographs (Flgure 121, 122) show how these tetra-

gonal hollows form as a result of the overgrowbh of laminse that dé-

crease in slze on the faces of octehedrons. The se laminae do not
reach the vertex of the octakedron and (orm step-like surfaces on
its edges (Flpgure 123).

Az a result of this peculisr growth plane surfaces marked

by telragonal pstterns emerge abt the outcome of the tetragonsl
symmetry axls corresponding to the faces of a cube in regerd to its
slte. Sometime individual lsrge and deep tetragonal hollows form
at the outcome of the tetrsgonal (Flgure 12l).

The sides of such tetragonal hollows are slways arranged
along the diagonal face of a cube, L.e. run parmllel to the edge of
the octahedron. W#hen s dlamond is artificelly dissolved these‘hollows

acquire an inverse ortentetion (A.A. Fukharenko, 1955).

‘Columnér Sculpture™

Some 8.berian diemdons of rhombodolecahedral hsbit are
merked by a peculiak pattern. oOn Figure 125 the character of thisg
pattern can easlly be recognlized. The faces of such crystals are
formed of indivlduﬁl;iaminae or scales which o&erﬁap towsrd the
triad axis of symmetry. The length of the scales thet seem to pro-

trude from under each sther emerging to the plene surface 1s uneven

and they are always considerably smeller than the plane. The scales .

are cut of the rhombododecahedron. As & result, a pattern of perts

* This term 1s borrowed from A.A. Kukharenko (1955).
-121-
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of the scaleés or "columns" that protrude along the long axis. emerge
on the face running parallel to thé long dlagonel of the face.

A.A. Kukharenko made s thorough study of the columnar
form and the closely relasted "tilled" form of Ural dlamonds. No
study has been made of phese sculptures on the Siberian variety of
diamonds, therefore we shall not dwell on them.

" It goes without saylng that thé sbove examples do nobt
represent a complete picutre of the many d1lfferent patterns that
mark‘on the races of Vilyul dlamonds. Some of the("block sculputures")
will be mentloned in the chapter on the characteristic propertiés
of diamonds in difr;rent morphologléal groups. Others (smell drop-
like elevations, "shagreens," etc.) have not been studied adequately

so that there is no point in discussing them.

Corroslon of Faces

The above properties of the structure of dlamond faces are
condit:oned by the process of crystalllzation. ijoreover, the feces
of Vilyul diamonds are marxed by traces of the reverssd process --
although these traces sre very rerer- the corrosion of the plene

surface.

The most comnon sculpture is the sc-called "structural

matting". Tnis strucburai matting develops to different degrees.
Sometimes it 1s found as an extremely flne ternish on the dismond
which reseibles the "sweat" on glass and metal when they are brought
from outside into & warm room (Figure 126). The crystals are,
usually unevenly matted s0 that fhe transpsrent substanée of the
dismond 1s vlelble in some sections. Frequently, the matting ls
rather dense but the individual patterns of the structure of the
diamond (Figure 127) can ugsually be identified. l£ also happeﬁs that
the matting affects the surface of the crystal in the‘férm of unevenly
disseminsted spots (Figure 128). ‘

Closely watted diawonds sre milky-white (Figure 129, 1930).
The surrgca of tﬁe diemond is rough to the touch and words csn be
written on it with & steel needle asg if it wéra a pencll and a éheet
of paper. Structuvel matting develops not only on whole crystals
but also on fractures (Figure 131). ®hen greaﬁly developed if forms

a distinct pattern of small elevstions and hollows (Pigure 132)
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‘gffeéting the enﬁfrq surféce of the crystal through corrosion. The
eddes of highly .corroded rhombododecehedrons are rounded (Figures
133, iﬁjh, 135) while the surface is closely ‘mested. Not always

is thHe eﬂflre surface of a dlamond corrosed. Sometimes individugl
cavities form on an otherwise smooth surface. Thege cavities ure
caused by corrosion and are usvelly rounded (Figure 135). Not only
whole crystals but also cmorphous shearply angular fractures {(Pigure
137) are Ibﬁnd among both, matted snd corroded diamonds.

The fact that there are greadval chrnges renging from a
fine film of matting and including coarse corrosion tesitlfles to the
common nsture of these phenomenon.

It is characteristic of structural matting that, as a
rule, it covers the entire diamond including all the hollows. ‘fhis
feature distingulishes it egsentlielly from mechsnical matting.{0n

hand of experiments (A.A. fukharanko and V.. Titova) it wag proved

that this metting forms under the action of gas. Our above obser-
vations fully corroborate the results of these tests, Structural
matting and corrosion were brought sbout by highly mobile solvent
that affected all points of the surfsce of the diamonds more or leas
to the same degree and freely penetrated into 211 hollows on the ’
erystal. It may be assumed, therefore, éhst vnder natursl conditions
gas acts as this solvent agent. »

Structural matting is observed on differently shaped
diamonds: octahedrons, rhombododecahedrons, rounded diemonds ang .
fractures.

Evidently, the corroding reagent affected dlamonds after
the process of crystellization. Only s very insignificant psrt of
the diamonds ig affected by the corroding sction of the g8s. Thnis
Tact indicates that in the history of the formation of diamonds the
ection of the gas egent has only been of short durztion and of an
accidental nature so that only a few individhaal dlamonds were affected

by tt.%

—_———

X If this view were correct we should sssume thst the corrosion
T dlemond drystals g§id not take place at theip present site
and that diamonds with a different history of formstion cen
coexist.--Editor.

CIA-RDP81-01043R001800150007-5
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So far it has not been possible to esteblish any essoc<
lation of traces of corrosion and certain diamond-bearing areas
or depoalts, particularly in view of the fact that corroded diamonds
are very rare. '

In one of his recent papers on rounded diamonds crystals
A.A. Kukharenko (195l) refers to corroded sculptures on the plane
surfaces of diasmonds as one of the facts that testify to the origin
of’ these forms as a result of the process of solution. But the
above account reveals that these sculputures that foru either after
the process of ecrystallization or, probably, at the last stages of

the formation of primapy diamond-bearing rocks cannot be considered

in the 1light of such evidence.

Speclfic Gravity

The specific gravity of Vilyui diamonds in correlstion
with other characteristics has not been speclelly studied. According
to avallable data the figures range from 3.52 to 3.56 with an uverage

3.5, It is quite possible that these figires are somewhat too high.

Color

The overwhelming majority of Vilyul diamonds is colorless.
Highly coloredq diamogds are extremely rare: AYellow crystals are
of different shades ranging from a rather deep orange-yellow to
& very llght lemon-yellow. The nsture of this coloring has nct been
studied but accerding to A.A. Kukharenxo (1955) the yellow éolor in
Ural yellow dismonds 1s due to the breggnce of a sblid solution of
chromium and titsnium in the erystal. Among Vilyui diamonds the
yellow coloring occurs most freqhently in octahedrons lncluding ﬁwins
that are depressed according to the spinel law. Curiously enough,
as a rule, these octahedrons snd twins are covered by s dense
pattern of inversqu parallel trisngular hollows of growth. Such
a pattern has almost never been observed on colorless octahedrons. -
in this case, there 1s a connection between the sculpture of the

faces agd the coloring, i.e. the influence of the color pigment up-~

on the growth of the crystal is estgblished beyond any doubt. ..

-12l~
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Pale-aquamerine; light blue or greenish crystsls sre
extremely rare smong the diasmonds of'tho Vilyui River Basin.

Individual green (sometimes even babaccoSbrown) spots,
known as "pigmentation spots" are more common on diamonds of this
erea. They are also known t§ exist on diawmonds of ether areas
(Afrxca, the Ural aountains) The rlchness of the color valres ror
these spots but a deep grass-green is most ciaracteristic. These
spots which disappear from polishing are disseminated dlrectly under

the plane surface of the crystal.

Different vlews prevail on the origin "pigmentation spots”.
Now,: this coloring can be produced enslly in dlamonds by bombarding
the svrface of the crystal with radioactive particles in tye cyclot~
ron. As a rule, dlanonds of such s ﬁatural coloring, encountered

s \
in older deposits for instance, the green diamonds of the Witwaters-

rand ares of Pre-Cambria& Age (in South Afrlcas. For that reason
we are inclined to accept the view that pigmentation spots formed
under natural conditions result from slight radioactive radiation
that must have béenceffective for a considerable length of time
(geoiggically).

A.A. Rukharenko's ststemsnt (1955) thst such diamonds
are not radio;ctive wrile ertiflcally colored verieties possess
highly radiocactive properties is hardly correct. Diamonds that have
been extracted from s cyclotrone and diamonds that remained in the
s0il for millions of years snd may have lost their slighf rédio-
‘activity a8 long tilme ago should not be compared.

In adaition to more or .less clearly colored dlamoands
which sre extremely rare, crystels of various smokey shades and some-
times brownish or almost black are more common among Vilyui d;amon S.
Trls coloring ls, evidently, produced by Innumersble minute particles
(flakes) 6f srephite I'nh the diamond. It is particularly character-
istic of polycrystal dismond clusters.‘

At first glance many Vilyui disuonds Seem tobe of ﬁarioﬁs
shades of yellow and sometlmes red. A clogser investigetion revesls

that this is caused by a penetration of ferric oxides into the finést

cracks in the. crystal and, consequently, does not affect the Lnnef

coloring of the diamonds

jg:
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Luminescence

Almost withoutyexépption all Vilyui diamonds lumlinesce
under X-rays, céthode rays and ultra-violet rays. The luminescence
of dismonds is an intricate phenomenon and ls not associated with
any other property. At present, the study of luminescence with the
help of preclge ‘'methods ls still at sn initial stage. For that
reason, we conline ourselves to statistlcal data on phe photolumineg—
cence of Vilyui dlemonds under the. actlon of ultraviolet rays. These
data were obtalned through visual observatlons of their luminescence
in ppperatus LYuM-1 vith bulb PRK-l. and light filer UFS-3. Work
was conducted at three to four ampere.

All Vilyui dismonds mey be classified into four basic groups
according to the character of their luminescence:

1. Dilamonds with bluish luminescence;

2. Diamonds with yellow lumlnescence;

3. Diemonds with slight luminescence
Individual samples were red and green end some with zonal
luminescence in sddition to the more common blue and yellow lumines-

cence. This, however, is very unususl.

5
-
b
K
i
&
K
3
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The quantity of diemonds with different kinds of lumines-
cence varles in each diemond-bearing area. In the placer deposits
of the midstream area of the Vilyni River 36 percent dlsmonds have

a bluish lumfnescence, 32 percent yellow, 10 percent lumlnesce only

slightly and the color is Indistinct while 22 percent reveal no
visible Iuminescence. In the plecer deposits.of the midstream srea
of the lisrkha Biver the quentity of diamonds with blue luminescence
is twice as lorge us inAthe Vilyui Rlver ares (60 percent) while
"diamonds with yellow 1um1ne§cence are less common (23 percent).

Only five and ten pefcent respectively reveal o very slight lumines-
cence or none ab all. 4 ’

' Wb'may sssume that there is & certaln connection between
the hablt of a crystgl and the color of lts luminescence. The number
of diamonds with bluish luminescence {(various shades) lncreases
graduelly as one—éoes from octshedral verieties via translonal

varieties to rhombododecashedrons. On the other hend, digmonds with
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yellow~1um1nescenge decresase in number as crysrals approsch the

rhombododecandral hablt.

Inadequate data are avallebleuontthe correlation of
luminescence and.such properties of s dismond as its translucence
and perfection of form. As e rule, 95 percent diesmonds of Uthe first
water" luminesce in various shades of blue whlile ysllow luminescence
prevalls among smokey-colored and yellowlish dizmonds.. At the seme
time dilamonds of the "first water" wlth bluish luminescen ere al-
most alwsys found in the form of regular, lsometric crystals.

[t should be noted that lumine scence in various shades of
blue is most cheracterlgtlic of rounded dlamonds -- 90 pofcent of
them posses this proﬁ&rty -- and to a lesrer extent of polyerystsl

clusters (27 percent dismonds with bluish luminescence).

‘ Inclugions

Inelugions of different minersls in the dismonds of the

Vilyui area hsve not been sdequetely sbudled &s yet so thast tne
- following data srould only be considered ia the lipht orf preliminary

inforustion.

First of all, it should be indicated that inclusions in
dismonds sre very commonly. A miscroscopic investigation shows

inclusions

thet most diamonds have one orp seversl inclusions. These/have not
bsen propc rly examined. They can be clessifieg into the following

groups according to the properties visible with the unsided eye:

Graphite inclusions: this group is most common. Incluslons

of gpéphita are present in the form of fiﬁe la@lnae, scales and
atiorphous black and gray flokes that are. disscminated both in the
depth of the crystal as well as under its surface. The alze varieé
from rather large incluslons that occupy a considerable purt of
the crystal fsce to extrémely fine dust~like gart;cles, There are
two types of inclusions.

One type is found along the inner cracks of the diamond
forming flat rounded blades (Figure 138) or rosettes (Fipure 139)
composed of severgl blades located on different levels‘but inter-
twined in the center. This center is slways represeated by elther
a crystel or a graln of s.translucent minersl without g regular’

face included into a dlamond (Pigure 1L0). According to

~127~

Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001800150007-5



: 07-5
Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R0018001500!

A.A. Kukharenko (1955) graphite is an eplgenetic Llnclusion that
emerges after the formation of the diamond crystal on the walls of

- the cracks "as s result of the polymorphous transformation from
dlamond to graphite (cliftonite) apparent 1y in connection with the
drastic change in pressure during the formation of cracks." Inner
cracks are evidently, the result of the diLfference thst exlsts be-
tween the coefficient of linear expansion of the diemond and the
translucent or ore mineral included in this diamond and representing
the center of the rosette of grephite and, at the same time a syngen-

etic inclusion.

Another type of 1nc1uqions is found in the form of flne
and minute flakes and particles of graphite d;sseminated in the
diamond without any apparent pattem. Thig variety of inclusions
ls rethuer charascteristic of smoke-colored diasmonds and polycrystal
diamond clugters where they actually invade the entire crystal
accounting for its gray or even blecg color (in the center of poly-
crystal clusters).

It should be noted that rosettes and large blades of gra~
phite were never foungd together with small flakes of graphlte«which
¢learly indicates the difference In their origin,

{nclusions of Translucent Hinerals: As @ rule they .re

rather fine (Figure k1, 1h2) crystals with well maried planes
(Figure 1k 3). Sometimes they are present in the fomn of grains
broke at one eng (Figure 1l)) or deformed and blongated with.traces
of faces (Ili5). Most of thenm a;e comﬁlgﬁely coloriesé and trang-
parent but sometimes richly raspberry and vholet cdlorad crystals’

‘ are encountered. In the mass of the'dLamond 2ll these Inclusions
are very conépicuous which.bears wittness of an essentlel difference
in the indices orf refrection. There{is no doubt that some of these
inclusions belong to the olivine group. Yu. L. Orlov (Central
Expedition of Union Trust No. 2) determined the followlng data ror
inclu31ons of & transpsrent greeniqh minoral in a diamond tseken from
the placsr den031t of the Upper hokun. Ng= 1.690, Np=x 1.650-1.652,
2V = 90. Through spectrum analysls Yu. L. Orlov established the
presence of Si, Al, Mg, Fe, Ni snd traces of Cr in another slmilar

incluslon in a diamond from the placer deposit of Kolkhoznaya.
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A.A. Kukharenko (1955) reported on incluslons of crystal-

line zircon found in Ural diamonds. However, Yu. L. Orlov's latest

a

research showed that what has beentﬁagenf£0ﬁginolusions of zircon
in Urel diamonds by A.A. Kukharenko wss identiried frequently
elther as olivine or garnet after a'tharough study (Figure 146).

O.sic L.Orlov determined for one of these inclusion -
an lsotropic clear violet ghade grain--- N 1.768 and detected St,

Mg and e tiirough spectrum enalysis. Thus, the most common in-
clusions in diamonds are the same minersls that accoipany iv in
klmberlite, i.e. olivine and pyrope.

As already pointed out the trangparent inclusions are often
surrounded by rosettes of graphite that develop along the inner
cracks which run from the inclusions outwerd. Thisg appiies to color-
less inclusions. We dig not obrerve such rosettes around colored -~
(raspbérry and violet) inclusions.

inclusions of ore minerals: This group includes pitch-

black erystals and irregular grains w.th a strong metallic luster
(Figure 1i17). Both are found rather frequently in dlamonds. They
8re present individually or in groups.

Conﬁrary to blede inclusions or graphite these inclusions
are clearly volumetric. Infrequently, some of them are surroundeqd
by the above-mentioned rosettes of praphite. Whenever such prains
are found in the form of regularly shaped octahedrons (Flgure 1},8);
usually with slightly rounded edges, we may assume that the& are
lncluslions of chromiuym splnellide. Inclusions of ilmenite an& mag-
netite may also be prosent.

\
inclusions of dlamondq. Diamond inclusions in diamonds are

relutlvaly rare. Usually, they are.obs served in the form of flag
faced laminated octahedrons which sre sometimes rather large by
comparison to the surrounding crystal. This kind of inelusions may
be distinguished with the unaideq eye from other transparent and
colorless minerals by the absence or surrounding cracks (with and
witnout graphite), Horeover, their ovtlines are hardly visible; the
inclusions seem to be submerged in the mass of the surrounding cry-
stal and in this respect resemble phantom—qrystals. These character-

lstics that distinguish them from other inclusions-are brought about
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by the fact bhat the coefficlent of linear expansion and the in-
dices of refraction of are the same for both, the inclusions and
the surrounding crystal.

Iﬁ addltion to the wbove mentioned lnclusions, incluaions
of other minerals ere pregent in Vilyui diamonds. However, they
have not been ldentified and studied.

in some diamonds, for instqnce, fine irregﬁlér or elongated
transparent yellowish-brown gralns were encountered thet msy or may
not be classified -as brookiete and rutile. It is also Possible thnat
the elongated columnsr bleck, almost opgque prismatic graing
surrounded by & pattern of graphite eracks and found in one sample
belong to the game group of miner&ls.

in two diemond cr stels rather large laminated emerald-
gresen incluslons were identillied and tentatively classified as
c¢hromdiopside. )

It is interesting that there are inclusions wlth incitusions.
In an elongated, colorless transperent crystal, for ins tance, in-
cluded in a diamond ang oslimeted to be a member of the olivine
group numerous (over 10) inclusions in the form of rounded svenly
disseminated sSpots were recopgnized.

There iz no doubt that {future defailed study of inclusions
in Vilyni diemonds backed by the applicstion of methods of minsral-
ogleal research will conslderebly amplify snd complete the above
classificuations providing a key to the better understanding of tha
physicochemical condltlons under %hich the formetion o’ diamonds

takes place.

" State of Crystals and Traces of #echanicsal Deterioration

A considerable part of Vilyuil dismonds found in placer
deposits consists of fractures. Usually, the average welght of the
fractures differs only slightly from the average weight of whole

cerystals found in the same placer deposit which is caused by more

or less slmilar conditions under which fractures-and whole crystals
are released and redeposited.

Fresh sharp angular fractures from vertexes, edges and, less

frequently faces of the’crystsl haeve a gloasy surface and show the

greatest mechenical damages as a resull of being transported by rivers
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1. from tneir original sltbs to placer depoaits (some fractures are
also found in kimberlite plpes) It goes without saylng, that the
degrees of these damages vary greatly'ranging from tiny chippings
on the edges of the crystals and including sherp angular spliners
surrounded by cleavage planes (Figure 149, 150, 151, 152, 153, 1sl).

Usually, no traces of deterioration were obgerved on the
surfeces’of such fractures and on the well-pfeserved barts of cry-
stals. Only their sharp and thin edges were broken and frliable.

In the overwhelming majorit& of cases fractures in the
crystal follow the directions of octahedral facea. The surfaces
9? the fractures have a terrace-like abpearanoe. (Figure 155).

But breaks with curved lines oceur so that the surface of such breaks
is conchoidal (FMigure 156, 157)

A great number of demaged diaqond erystals were found in
the placer deposits of the Vilyul River Basin. About half of the
total quentity or erystals that occurs there 1s damaged. Downstream,
the number of fractureg and splinters gradually increases. In the
midstream srea of the Markha River, for innbance, it increases from
L0 percent (in the placer deposits of the Ustrichnaya) to 60 - 70
percent (in the placesp deposlts of Nizhnays and Ozernaya).

In addition to very common fresh fractures, crystals with
traces of damages on faces and edges sre very rare. This kind or
demage proves that the action of water was protracted and intense
so that the breaks were not brought about by single strong blows.
It marks the faces by a coarse mechanicel metting that fills
numerous cracks, holloas end dents on the edges end aL the vertex
of the crystal (Plgure 158).

Yhen edges get continuously'rounder'vertexes more and
more truncated it may end in the formation of combletely rounded
ball-shaped and elllipsoid grsing with 2 dull surPace. So fap ball-
like dismonds have not been found in the Vilyui River srea but they
are known to exist in the Ureal Mountainag.,

Contrary to matting on the texture mechanlcal metting (at
least at the esarly stages) does not 4ffect the hollows on the sur-
face plans of the erystal. It slways entells fine cracks and dents

formed on the edges snd perpendicularly to them. The metting marks
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the faces with & closely intertwlned chaotic pattern of extremely‘

fine scratches and "dobts" caused by blows.
since diamonds with the marks of the sbove mechanlcal

tion are extremely rare 1t is superfluous to cleaglify them

Kukharenko

deteriorsa

into a special genetlc group as done, for instance, by A.A.
for the Ufal Mountains where this veriety of crystals occurs commonly.
Abisnhould be remembered that there are many dams (formed by the
outerop of traprocks) slong ‘the Vilyul and HMarkho .ivers where this
vafiety was discovered, partlcularly in the upstream erea of the
Vilyul River. Many "pot holes" mark the dams. In such a "pot hole"
s diamond would rather quickly show the bsove traces of deterioration
under the action c¢f erosion in such natural "ball mill".

Dlamonds found in the originsl sites as weil &s in placer
deposits of the Vilyul River sre of a rather poor quality since they
are Qmall with & considersble gquantity of fractures and splinters,
particularly disaonds in plecer deposits. Diamond suitable for use
in the jewelvry trade sre rather rare end the Vilyul veribles are,

essentially, for industrial purposes.

2. Basic dorphological Types of Vilyui Dliamonds

A comparative study of meny thoussnds of dlamonds found
in the plucer deposits end in original socurces of fhé Vilyuvi River
Basln revealed thet some of the cheracteristic propertles were inter-
linked, i.e. occur simultaneously in thec same types of crystals.
Reguler octahedrons, for instance, are almost elways transparent,

have a strony luster, do not contain numerous fine- dust-llke in-

clusions of graphiite ani mostly luminesce in bluish shedes under tne

effect of ultraviolet rays. Dianonds with "splintery" strlation
are often muddy end contain numerous fine inclusions or either
graphite or ore mineérsl; their luster Ls much weaker than that of
well-formed octahedrons. Roundsd dismonds belong toithe group
tnown as "first water" stones, they contein no inclusions and thelir
luminescence is biuish, etc.

This fact sllows for the identificatlon of certain morphol-
oglcal types ol crysitals among the great variety of dlamonds.
Diszmonds of the same morphological type and reluted through certain

characteristic properties thet occur simulseneously must hsve formed

e e
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under similar conditlons.

N X P I TR R =y

The fdllowing'morphological classification of Vilyui
dlemonds 1s chosen arbitrarily. The manner in which the layers grow
on the crystal and the cheracterlstic properties of the layers of

growth have been chosen as the basic indication inasmuch as both

e mieinte T UM wLhabes

are directly associeted with the conditions of crystasllization.

YR

The following morphologicasl types of diamonds occur most
commonly in the Vilyul River Busin inclnding the basins of the
Markha end Tiung Rivers:

Octshedrons with Flat Faces

I'his group com- rises primerily perfect octahedrons with
eveﬁ lustrous plgnar surfeces, sharp straight edges and sharp vért-
exes. . These crystals are not very common but in some deﬁosits they
are not a rarity. The sbove-mentioned octahedrons wlth traces of
laminar (layer) formation manifested in a certain Lruncation of the
edges as e result of the decreased growth of the layers toward the
center of the plane, i.e. a gredual diminishing of their size, are
members of the seme group. Inasmuch as the overwhelming majority
of the lsyers of growth is ditr.gonsl the lamliner structure of
the crystsl is shown by s certaln expansion of the edges toward
the vertexes and by sheaf-like striation. Parallel striation ig
observed less often and on trironal laninae (Plgyure 159).

All crystals of this morphological type hsve not only
the form but also some other properties in common. As a rule,
they are colorlesy‘diamonds of the higheat guality (Ilrat water),
very transparent, of a pure dimmond luster that is accompanlied by
lridescence. ‘Colqred, dull of smokey crystsls are not found .n

this group.

These dleﬁonds rarely have any inclusions. As a rule,

they are present in the form of individual reletively lerga didmond
greins (sometimes surrounded by graphite rosettes), color%ess,

pink and vlolet crystals of transparent minersals (olimine or garnet?),
large grains or crystel of ore mineral. J'ine dust-like inclusions

of ore minerals and fine nuﬁerous flukes of grephite are not charac-

teristlc of such diamonds.
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‘Only the sbove-mentioned invergely paralle, trisngular
ooncavftiqs.of rrowth occur very commonly among the sculptures on
the plance surfaces;

The average weight of octehedrons with smooth flat
plane surfaces differs for dismonds from different deposlts and
diumond-besring ereas &lthough the other coumon festure remsin
unchanged.

Cryatals formod of Trigonal Layers of f“irowth

This group includes crystels with surfeces of the thick

layers of arowth Fbét are viaibly diminishing &s the surface plane

grows. Most d!amon-s of this type are octahedrous. Crystals of
trens:tionsl iabit (Figure 160) are léss common. Crystals of
rhombododecal.edral habit ars only found in exceptionsl cases. Small
flat octahedral faces always remain where the triad axis of symmetry
emerges. I

This type of erystsls bears a similarity to the above-
nentioned octahedrons with traces of laminer structure. However,
there is sn ossential difference between the pluner and toe profile
form of the lsyers of growth. On the surfsace the lsyers of growth
rave very straight Lrigonsl contours. The diminishing surfaces of
the lsyers of crowth thst form eventuelly -- so-called "terraces of
groeth”-- have sets of vert.cel end plenes and sharp edges instesad
of tepering down to nothing as in the preceding type.

Host crystals of the above-mentioned type are thinly

lsaineted. A pattern of even parallel dash linzs replecce the edge
of én octanedron witn no tr-~oces of s cleavage séam gre very Enar&c-
teristic of these crystals.

Al@ost no perfect éiamonds are found in this group. But
suoke-colored .crystals snd crystels with a'greaé nuaber of dust-
like iﬁclUSions of ore mineral end flake-like inclusions of graphite
&re very comaon hsre. . . '

inversely perallel trisngular concevities growtn on this
tyre of erystuls have elmost. nevsr been encountered.

lt_is en interssting fact thet :n aost oriyinal sources
of dlgmonds ss well as in placer deposits smell guentites of

variety are present emong the smasllest diamonss.
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Crystals with Polycentric Faces

Protruding snd laminateditriengul&r formstions on the
faces of the octahedron thst are arranged parallely to its ‘were

discunsed In the chapter on the general morpholcglcal ctaracter-

A

lstic of Vilyul dismonds. Diamonds of pecullsr appearance clsssified

R A

L e,
BN

Falyy

into e special morphologicsl group are a result of the unusual

>
e

RS OX

development of these growths.

Dilamonds of octahedral habit belong to this group and less

S

R PET R

€requently dlamonds of a trensitlonal form with numorous protruding
end clesrly laminsted ditripgonel (much rarer trigonel) formetlions

on tue fecesg of the ocb;hedron (figure 161, 162, 163)' This structure
of the crystal testif.es to sn extremely pronounced growth of the

face of the octshedron at dlfferent points slmultensously or

almos' slumnlteneously. FRvidently, the morphology‘of such ctystals
indlcates that crystallizatioﬁ tock place under some speclisl condit.oas
wnlch nny be deterained by rapld drops in tempersture and pressure,
i.e. conditlons of troaendous super satuvration.

Particulerly chsraecteristic of thls groun sre crystals

with overlapring faces thst are d.str:buted in seversl rows in
the fora of compsrat vely flst, thinly leminuted trisnguler forma-
twons {(Pigure 1ul). lrregularly developed,crystsls are fra uently
found esmong them. % en such octeshedron with & polycentr.c aley
growinge face is also elongnted in the direction of one of the second-
ary exes of symsetry the triengles of the rrowth thst protrude toward
lihear expansion of th vertex of the octahedron lerid the dlismond
& "comb-liwe" appesrance (Figure 105, 116).
The overwhelamine part of this type of crystels is extremely
trensparent and colorless, although "first wster" stones sre not
very comaon. 3mo-<ey crystals ere ver rare tnd not &ll all cunsracter-
lst:c of this rroup. .
taclusions are slso rsther rere. They are slmost exclusively
represented by large roseiLtes of graphlte and large (ih compsrlson
to the diwmond) individual grains (fregusntly well surrounded by

ainute orystsls) of diamond, olivine &ng gernet (?).

The aversge weight of dismonds in thls morphologlcal group

varles for different deposits.
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Crystals compesed of Distrigonal Layers of Growth '

We included into thls group finely laminated octahedral,

tranéitional or rhombododecahedral crystals composed of distri-

gonal or shleld-like layers of growth in which the edges of the
octshedron are replaced to one degree or anothecr by surface which
correspond as far as thelr locatlon is concerned to the planes of
a rhombododecahedron. .PFigure 167, and 168 represent the micro-

photographs of these crystsls.

A d:.stinct and often coarse pettern of sheaf-like lines
on the surface is thelr charecteristic‘property corresponding to the
planes of a rhomobodedecahedroq (#here the ribs of the octshedron
afe). It is wsuelly intersected by several winding planary sezms.
This psttern ls' formed of the ends of the laminae of growth. As
a rule, the edges ol these lsminse are rounded and not snarp as,
for instance, in crystels‘composed of diminlshing trigonal layers
of growth. Soﬁetlmes this pettern of lines forms whatlooks like
folds -- "crimping."

Most crystels in this group sre colorless and Lrsusparent
but smokey diamonds sre not a rarity. Occasionelly dismonds of
“first weter” sre found. Mostly, they are formed of shield-lile
laminee, i.e. the obtuse angles of the dlitrigonal laminae that make
up these d.amonds ere rounded.

Rether comnon among the sculptures on the-surface of the
octahedral faces are inverssly perallel triangﬁlﬁr nollows of growth.
snclugions are mostly represented by fine flake-like formations of
graphite. The sverage welght of diemonds in this group vaires for

different dlamond-bearing sreas.

Crystals with a ”Splintery" Pattern of Linés

Tre se diamonds resembie dlemonds in thenpreceding group..
This group Blso includes ﬂinéiy laminated crystals of octshedrsl
(Figuré 159) trensitional (Figure 170) and.rhogibododecahedral habit
(FPlgure 171) formed of ditrigoneltlayers of growth. '

they dlffer from the members of the vreceding groups by
the patbgrn,of"llnes on the edges of the . rhombododecahedron."
Evidently, the protruding ends of the individusl layers of growth

that were dislocated as a result of erystallization and form the
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pattern of lines do not follow a cont inuous line "along the faces
of the rhombododecahedron" but are distrupted and.replace each
other echeslon-like. The result is a pecullar "splintery" pattern
of lines. As a result, the protruding ends of the layers of growth
have rounded edges (ns on crystals.made up of ditrigonel lsyers of
growth) and sre often thicker where the lsnmine ends so tnet the
latter appears to be energing to the surfsce "at an angle'.

Octehedral crystals of this type and generally cryatals
with well-preserved sections of octehedral I'aces can be recogn.zed
the the striking combination of a pattern of “splintery" lines
as found on the faces of a2 rhombododecahedron on the even lustrous
faces of an octa: edron. The flat sections of the face of tne octshe~
dron are often merked by relatlvely lsrge, individual faversely
parallel triengulur hollows of ~rowth or sets of them which ome times
are found in tie center of theplane. This type of crystals is
fregquently smoke-colored.

Diesmonds of flrst water are psre. incluslons egre not
chioracteristic of this group. When inclusions are present they
consist of fine flrke-like nerticles of grephite and ore minerals.

The everage.weight of diamonds in this group varles some-
what in the different orlginsl sites and various diemond-bearing
placer deposits.

Crystals with Rounded Step-like Faces

Host crystals in this groub have san octahedral or trans-

itional aprea?ence. A combinatlon of the flat sections of the faces
on &n octahedron with step-like surfaces planes that correspond to
the planes of a rnombododecahedron are found on these ciystals.

This proup of crystsals is d'stlnguﬁshed by individual
steps forned on the edges of greceding thlck layers of growth with
&' rounded profile (Flpures 172, 173, 174, 175, and 176). Each of
these leyers has an outer edge that forms the end of a rounded step
and is made up of numerous h in layers of growth. These layers,
in turn; graduelly diminish in .8lze, they reced from the border),
i.e. from the bssis in direction of the tope of the step. Thig

process explains why the steps have a cherascteristic rounded form.

However, the steps sre not alwsys perfectly regular. They vary

in helght end their arrangement is not necessarily parallel.
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Fréquently, they run.close to each other, taper out, replece cach
otper in sets parallel to the edges of the octahedron.

If we assumed tiat the forma tion of crystal layers pro-
ceeds In g rhythmic manner, the existence of this type of crystals
evidently shows thaﬁ there are greatér rhythm§ (thich rounded steps)
that effect a series of smaller rhythma so that the formation of

numerous indivi&ual fine leyers of grﬁwth lsﬁexplainéd.

Diamonds with rounded "step-1like” faces are, as s rule,
composed of distrigonal laminse which usually look like a shield.

%hen the seam is clearly marked it can be traced throughout ell the
steps.

Thick leminge of growth afa occasionally dislocated but
they sre always shirted toward the vertex end not toward thie vertbx
and the edges as observed on crystals with faces that develop
simultaneously st different points.

Diamonds with rounded step-like faces are ususlly colop-
less and transparent. Perfect stones (first water) are rather rare
in this group. So far no lnclusions were observed in this group.

The average welght of these dismonds is rather high in
mos t deposits.

Crystals with Block Sculpture®

These diamonds (Figure 177) are usually represented by
rhombododecahedrons (Figure 178) and less often by octehedrons which
are frequently deformed. The faces of the diamonds are formed of in-
dlvidugl closad‘curvilinear'plaﬁe surfaces interlined with reguiarly
bent lenges. Thus, the crystal appeers to consist of individual

sections (blocks) with difrerent foras of peraimeter snd a differently

R Tl b LA LS o S S ST I

curved surface, elther convex or concave.
Triangular hollows and other accegsorics of growth cherec-~
teristic of other froups of crystals sre not typical for crystals

wlth block sculpture.

X This type of sculpture was identlfied énd described by
A.A. Kuicherenko (1955) for the crystals of Urel dismonds.
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Extremen transparence #nd a strong luster ere inherent in
-dembers of this morphologlcal group. Cr}sths sre elther completely
colorless or ere very slightly bluish. inclusions are rare ‘end con-
sist of crystsls and gralns of dismond, zircon (?), grephlte (rosettes) -
or ore minarsal.

ilost high-grade Vilyui dlamonds with a very strong diamond
luster sre members of thisg grouvp. The combination of numerous sur-
faces with various degrees of curvature produces an &trexaely strong
natural iridescence.

A4 sharp predominance of bluish luminescence under the orffect
of ultraviolet rgys is very characteristic of dlamonds with bloex
sculpture,

Diemonds in this group are of everage>size. Their average
welpht. is more or less similar in all orlzinal sites of occurrence
{(from ten to 16 milliérams).

founded Crystals

This group Includes rounded rhombododecehedroﬁs with con-
vex faces that are intersected by scams spproximately slong the short
dicgonal of the rhombus (octshedfoids snd dodecahedroids). This
type of crystals are rather rare in the Vilyui ares and in Siberia,
in general, but they sre in predomineance in‘he placer deposits of

the Central Ural Mountains. Rounded diemonds from the Ursal #ountalins

!}
|
/
|
g
|
!
i
I
%
|
|

heve been thoroughly investigated end studied by A.A. Hukharenko

(1955) and I.I. <hafrenovskyi (1943).
’ . Semples of rounded Siberisn dismonds found in the placer
deposits of the Vilyui River Basin sre shown on ‘Figures 179, 180,
181 and 182. we belisve tﬁat roupded S}berian dizmonds are produced
by 8 serles of gfaduél trensitions that starts with ordinsry laminar
'pseudorhombododecahedrona and proceeds to laminar crystals of
octahedral habit.

Regardless of whether we &ssumed that rounded aiwnonds
are the finished product of dlssolved flat-faced oetahedrons, or
crystals with an extremel& slow development, the growth of the later
being stunted periodically by partisl dissolving, they must have

forned In the process of slow crystallization deep wlthin the earth.

...139..
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Let ue indicate some charscteristic properties of rounded
Siberisn di amonds. Frequently, ti.ey are vory transparent end meny

stones of first water ere found smong them. At the seme time, this

group comprises the baslc mass of colored (yellow, light blue, green)

dismonds which are extremely rare in Siberia. As a whole, inclusions

do not occur commonly in thgge diamonds.

iy T T el YR e

The faces of dlsmonds in this group sre freguently marked

by "tiled" sculpture (Figure 180). Peculiar patterns such asg, for

RO LI

instance, & f'ine pattern of rhombic cracks (Figure 181) is found
almost exclusively in members of this group.

The socalled "caverns of corroslon” are slmost always

R s A R ST

: WY

pssoclated with rounded dismonds (Figure 182).

Mstted rounded rhombododecahedrons are included in this
group. The metting of the texture afrects sometimes the faces in
‘the form of individual spots. However, thls kind of matting &ffects
jismonds of sll morphological groups. But the conspicuous connection
between some of the above-mentloned sculptures and rounded dliemonds

obviously reflects some characteristic properties of diamonds thst

are associsted with either their origin or the form and, consequently,
with the syametry of the faces.

In regsrd to luminescence rounded dismonds differ essen-
tislly from members of other morphologicel groups. As a rule, 80
to 100 percent rounded diamonis from placer de;osits of different
areas luminesce in bluish shades under the effect of uvltraviolet
rays. It should be emphasized that the intensity. orf phnbolumineséencg
~of rounded diemonds is considerably higner thsn in diasmonds of other
morpholoecicel groups.

Among roundbd dismonds distored forms (Fligure 183) occur
rether frecuently. They are either slongated or unilaterally pointed.
This kind is widely found in the plscer deposits of the Tiung River
Basin (Figures 18L end 185). ‘

Grystals ol Cublc Habit

Crystals of cubic habit are exiremely rares among Vilyul
digsonds end single units are found smong thouseands of other Iorms

(Msure 185). The cubic feces on these crystals szre always uneven.

-1ho-
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They are covered by a pattern of tetreconal ‘truncated small pyramids
'(Figuré 187 and 188); the bases of these pyrami&s follow the dlagonal
of the face. Octshedral faces usuelly develop on top and slong the
edges of the dube. e e result the vertexes of the cube ore trun-
>catod by trigonal émall pyrsnids that grow on it while & pecullar
" 1]adder” forms dlong the edges (Figures 137, 189, 190). In most
cases evblc crystals are lsometvlé but so@etimes expansion slong &
tetpad aexi~ is observed (Fipure 188).

The foxmation of such cry-tals is undoubtedly, caused by
pecullarities of the process of erystsllizstion. %e unow, for in-
stance, (3. Bekli; 195h ) that alum crystels cultivated in alkeline
solution form cubes that develop as octahedrons after transfer to
a neutrsl solution. ‘

Crystals of cuble nsblt are formed with octahedral_fnces,
6n the edges and vertexes.- They strondy resesbling diemonds of
cublc hebit (Figure 191). Frobably the sltered composition of the
médium of crystallization pleys & declsive role in the formastion
of these crystsls.

2. OCCURRENCE OF DI AMONDS OF DI PFERENT #ORPHOLOGILCAL
GROUPS 1IN ORIGI NAL SITES AND PLACER DErO0SITS3

Diamonds in Originel Sites B

For the time being & rether considereble guantity of
dismonds has been found only in the two klmberlite plpos teip" and
"Zarnitsa."f For that reason, we shsll conflne our selves to report-
1n¢ on thlse two pipes. .

First of 11 we should 1like to note that, the’ morpholiglcal
composition of the dLamonds wlthin one end the sume site of occurrence
veries considerably as assumed on'the besis of research in dismond-
besring placer‘deposits of verious sreas. 4

. Mexmbers of most (with rare exceptions) above-mantiongd
morphologicsal cetegories are found in original sites of 6ccurrence a8
well as in plscer deposits. In esch of them two or Lhree morphologchI

types~sharply: ipredomlnate (mostly the 1erwest ones) while others occur

‘in wuch smaller ocusntities or as single unita.

R T

In 1956 a great *uantity of 4iamond cryqt&ls was obtained rrom
the pipe "Ddscbnaya."

-1l1-
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Table 25 shows .the occurrence of dlesmonds of -different
morphologicel groups according to number and welght (1ln percent)

in the kimberlite pipes of the Vilyui River Basin.

Table 25

: : THir" - "Zarnitsa"
Num-: Morphological groups :dismond:average:contentidianond:average:content
ber : of crystals :content:iwelpht :in % scontent:welght :according
:in % :ln mg :welght :in $  :in mg :to weight
s : : : : i _in %

2 : : ] 5. : 6 : 7 ; 8

Octshedrons with smooth 20 16.2 5.0 5.2 1.1
and flst faces

Dlamonds with poly- 3 Ls.3 7.0 Lh.o
centrically growing
faces .

Diamonds composed of 1.0 6.5 1.5
trigonal laminae

Diamonds composed of 9.2
ditrigonal laminae

Diamonds with a pettern 27.8
of "splintery" lines

Disnonds with roundbd in . 5.6
faces

Diamonds with bloeck- > 7.2 17.0 38.1
Sculpture

R ounded dismonds L.o 2.6 1.5

Otrer groups of 10.0 2.2
dismonds

In the pipe "Mir" dlemonds with polycentrically growing faces are
in sharp predominace (36.5 percent), followed by strhated diamonds‘
{(with a "splintery" pattern) (27.8 percent) and octshedrons wlth
flat and even faces (15.7 percent). Almost 30 percent of all '
diamonds' in the "Mir" bélongs to one of these three morpholigical
groups. The quentity of dismonds of other.groups is*insigﬁhficént
andhno‘rouhdgd dianonds heve so far been encountered.

In the kimberlite pipe "Zarnitsa" ‘diamonds with "splintery"
striation predominate (L1 percent), second come dismonds with

block sculpture (17 percent). Diamonds with polycentrically grow-

ing feces that predominate in the pipe "Mir" make up only 7 percent _

of the total of ‘diamonds in-the pipe "Zarnitsa", while octahedrons
with plansr snd smooth faces amount to 5 percent.

There is & correlation between the average welght of dia-

monds in different morpholigical groups and their occurrence in thkse.
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two orlginal'depOBitS. Dizmonds wlth polycentrlically growing faces.
ere, fur instance, comnon ingend%pharacteristic'of the pipe "Hip";
they are also 1arées in size (aversge weight 2l milligrsms). At
the rame time, the aversge weight of these dlasmonds in the kluberlite
pipe "Zsrnitsa" smounts to a mere five milligrems, i.e. they sre five
times smaller and occur live;times less often than in the pipe "Mir"
while dismonds with "gplintery" stristion and block sculpture are
most common in "Zarnitsa" and sre, at the seme time, the largest.

Thus, the difference in the morphology of diamonds from
vaerious kimberlite pipes is very bbvious. It is gb?n more ccnspicuous
1f we coneidored the member of esch morphologicalvgfoup in terms of
weight (2nd not in cuentitative units) as compsred to the total
mass of dlacsonds of & glven originsl site of occurrence. These
flgures (obtained b; multiplying the average weight of the dlamonds
in a glven morphologicpl group by Lheir contents in percentsge and
cenverted Into 100) are shown in columns & snd 8 of teble 25. These
data prove that 81.8 percent diamonds (according to welght) in the
pipe "dir" have polycentrically growing faces of “"splintery" striastion
or are octehedrons with flat and even faces

The total of other groups asounts to a mere 19 percent.
fiowever, lhe content of none individually exceeds ten percent.

Diamonds with "splintery" striation and block sculpture
amount to a total of 83 percent (eccording to weisht) in the kimber-
lite pipe "Zarnitss." .

We see that the basic maas of diamomds of one original

silte of occurrence or another contalns only few morphologicol groups

of crystels which were formed, evidently, under different physico--
chemical conditions of crystallization in el ther different kimber-
lite pipes or within vaster limits (kimberlite fields)..

The guestion may arise as to gow permanent the morphology
size of diamonds is within the klmberlite body sand in 1ts various
seotlons. The study and exploitation of South Afrlcen original
dlemond-bearing deposits shows thet the structurs of kimberlite pipes
l1s often very intricate. They sre formed of. several 5§olumns" of
imberlite with a different €ompositlon and texture and dismond-

bearing to different degrees. The diamonds very in size and shaps..

-143-
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Geoph951éal works conducted -on the plpe tyepnitsa also revealed,
=at the compesivion of ¢imberlite wes not homogenous.

Iﬁ wes esstablished through mining operétions in six different

sasctlions of the pipe maipt thet the amorphologlcal coaposition of the
disnonds was ldenticeal and that their everage welght and their i

disseminetion was very similar.

Thus, the diamonds in the entire kimberlite body of the

pipe "dlr" ane morphologically homogenous, cimilar in size, and more
or lons evenly tissemins ted. L coes without seying, thet thia is
only one ex- nple so thet more complliceted cases are lixely to exist.

“he :bove duts tezstify to the: lact that the morphology

of Vilyni dienonds is rethrr versciile. isturelly, we wonder what
hqs:causcd theso erystels to scguiurs such different foras snd whot
wnere Lhe conditions under which their Taces hsve developed. what !
wkre tre reesons for Lhe forz-u.on of octahsdrons with regular flat
faces and sharp edves aslong with rounded rhosbododecehedrons, and

alon: with cryatels of trensitional habit snd "splintery” stristlion :
on t:e "r_.bs or the rhonmbododecahedron’? !

1t isa comnmon knowledge that two dift'evrent tactors deter-

#.ne the rorms «f t-e coyatal tie psculisrit.cs of the inner Lexture

(¢hin tec:ure) ani the externsl conditions og gr;utn. The inner
Lexture deternines only the bes.c morpholoizical (roperties of the

crystsl. apparontly, it ¢lso influvences to & certein deprre the con-
crete forﬁ ( eomnetr éal'rorm) of wne morphological chenges that are

produced externully. .Owevar, the se morpholo ical chen; @s or thelr

ebsence, the .desree of tnelir levelopment, eTC. Aepand.only on ex-
te:ngl fectors.

Whevé is & considersable numb.r of sucu eXternel izctors
wiicn may iﬁfluence the growing ¢rystal simultaneously. Vb ﬁoxieVSky
(1955) for ins .ance enphirsizes the folléwing fectors: 1). supercooling
of tre fueion; 2) temperatirs at w' ich crystelllization tukes pleace;

3) pressure; U) concentration (conventional) fluxes; 5) direction

in which the entire lijquid mass (fusion) moves; ©) adaixture in

Li.e fusion; 7) viscosity of the crystvallization agent; 8) state of .
the disasolved substaznce; 9) electr.c and magnetic fields; 10) radio-

active roys and other reys. : ' : comA

.*ihh-
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This eﬂﬁmeratlon thhinﬁricate the above question is. it
- becomes more complex when in relastion to dlumonds since their formetion

under natuvral conditions cannot be directly ohnserved while they hsve
been only recently developed synthetlcally in the 1&boratory!w There
are only the most goneral assumptions on the causes of the versatlle
morphology of diamonds. We believe, for instance, thet thihly lamin-
ated and regnlsrly formed diemond crystsls develop in the process
of delayed growth while crystals with a coersely laminated texture
heve undergone rapid crystsllization.

A. 4. Kukharenko nas recently proposed a genetic classification
for naturel forms of diesmonds. This clas~ificetion 1ls to be based
on the degree to which satu;ation aflects the growth and the solution
of ilsmond crystdls. In the light of thls clessiflcatlon we may
congslder the formation of diamonds with polycentrically growing faces
as a result of rapld crystallizetion from solutions supersaturated
with carbon asnd the formation of octabedrons with flat snd evén faces
as forms grown under conditions of lesser superssturation, etc.
This theory, however, does not shed any light on the finer morphol-
ogical distinction. There is still no explanttion as to why diamonds

with rounded step-like faces form in some cases and crystals with

4 Ty B YR T g T R AN 0 A S L Y

block sculpture 1ls othiers stc.

it A

It should be emphaslzed thet the morpholorical types of
diamonds as discussed in this paper gre not actuslly a specific
feature of dlamonds found in the Siberisn platform. The occur

commonly in other dismond-bearing areas throughout the world (see

A. Ye. Fersman, 1955; 4.A. Kukharenko, 1955). Thus, these morphologlcal

tyres are not an accidental phenomenou but a common feature of all

diamond deposits and are, undoubbedly, produced by the action 'of some

I R e e T E L s Mo S R s Che et

external factors in the process ol growth.

' We shiould ;ike to point out one of these external factors
.which nhas so far been aimost overlopked by researchers, Lt concerns
the possible influence of admixtures in the crystalllizetion medium

on the morphology of the crystels.
The influence of admixtﬁres on the habit of crystsls has

been established a long time sgowseAbundant litersture is aveilable

on the subject which deals exclusively with experiments with easily

crystallizing sslts. The followlng established fucts are of great

interest:
-145-
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1. Admixtures in the solution influence not only the de-
gree of davelopmont of one simple form or another, but algo the con-

struction of the plane surface. The formation of “1eminse® stristion

(G. Bawli, 195k, page 251) dull snd imperfect faces (V.A. Hokievskyl,
1955) was peréiculerly noted in this connection.

2. Even an insignificent Guentity of admixtures may pro-

TR

duce vislble changes in the hsbit of the crystsl (G. Bakli, 195k,

V.A. Hokievstyl, 1955).

P B 3l

The sbove facts indicate that the characterlstic forms of

oy

\,

the crystals and the_sbructure of the planes may sometimes develop

under the influence of admixtures on the growth of the erystal. -

Bven inslgnificant quentities of secondary components of the crystall-

2 WP RS

e 5

ization medium may act ds such admixtures {this does not exclude tho
influence of the @aln compOnehbs of tne crystallization medivm on .
the sppearsnce .0 tha'crystals). The process of growth may sometimes
be slowliin small diamonds under the influence of a greét guantity
of admixturss in the solution.

The question sriges: do eny fsctual data testify to the
influence of adulxtures on the morphology of vilyui dlamonds? i
the preceding text we have repeatedly born down on the essentlal
difference betwsen the morphology of the diamonds found in the plpe
f4ip" and the morpnology of those in "Zsrnitsa." There sre, nowever
other differences between these two original sites of occurrence in
add:tion to the morpholofgy and the sverage size of the d;amond in-

clnsions. The guurtlty and, pertially, the compoait*on of some

e R AY WIS TR i R

m.nersls dlffer essentially in the two pipes.
we know that the kiamberlite pipe vzernitsa" sbounds in

grelns of magnesian ilmenite encountered in tremendous quantitlies.

R PR DRI T

o

Actuelly, tgarnitsa’ repreasents & l&rge‘lndustrlal deposit of this
minerel. The preaence of magnetite, snd secondar magnetite, .als0
mar<s the plpe gapnitsa.? tn the pipe #gip" the contents of ilmenite
Ls much lower then ln the pipe "Zurnitsa." Mo ‘gnetite is also found

in much smaller quantitles.

Tt is quite possible that the different content of cchromium

in the kimberlite snd garnet of the pipes slso exerts a certain in-
fluencs. However, .there sre, NoO definlte data svalleble on the sub-

ject us yet. : .

-1&6-_
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gvidently, the differencé in the morphology of the diamonds
poes along with en essentlel difference 1n the mineralog@cal com-
posltion, i.e. in the chemical composition of the kimberlite. This
is no colncidence. 1t is too early, to decide whether the above-
mentioned olements directly produce the morphological chienges or
whether these changes sre brought ebout by accegasory bdmixturos of
‘other elements thet wre not as common in the kimberlite. But the
adduced facts prove that tine sdmlixture way exert an influence on
tine morphology of the dismonds (together wito other fectors). This
question deserves a csareful study and 16s further elaboration will

obviously provide & wreoy to the gorrelation betwsen the geochemical

propertles of the kimberlites and the properties of disaonds included
in these k;mberlit35.

#o should like to emphasize thet prelim.nary morpdologicel
classificnation should not be applied to all charscteristic properties
of Vilyul diamoﬁds in further research work.

Dismond-bearing Placer Depoglts

L]
The consplcuous predominance of a few morphological groups

of dismonds In originsl sources =S, of course, not 8s pronounced
in placer deposits. iost of the dlamond-besring placer deposit s
sre located in thoase sections of the valley sbove waich rivers
still hsve an adequate begin of supply. inasmuch ss there is no
Joubt thet there are ARy original dismond sources of plecer deposits
of lesrxze strea&s are studied by anslysing & mixture of dlgmonds from
different originsl sites of occurrence. This mixture provides
‘spéoiflc "gpectra" of the type of d:amonds Tor esch grea and moy
indicate a sharp predominance of diamonds from a primery source as
well as some regionsal C aracteristlcs in original sources of
dismonds in vsrious dipmond-bearing sreas of the Siberian platforau.
Evidently, the composition of dismonds in pleacer deﬁosits'
is less versétile, becoming more uniform and moreAhomdgénous a8 thé
srea of supply tapers down in the vicinity of a certain limited
group of originai sites. ’ »
Tsble 26 éhows the contents of dimmonds {in percentage)

in dilferent morphologicsl groups in the plecer deposlits of the

R s e

Lt

V;lyul River Besin. Let us quote e few exemples..

AR ATR AL

~1l7-
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The plecer deposits of the pipe "Mir" in the bed of the

river contain diamonds very similar to those présent in the
kimberliths of the pipe "Mir" ss far as the gquentetive correlation
of the individuel morphological types ls concrented. A rether
conspicuous difference was only noted for dlsmonds with "splintery "
striation and dleasonds with round step-like fsces. This simil-
arity is only netural since perticles are redeposited in the bed

of the river as o resvlt of tl.c washout of the pipe "iipr."

Table 26

Diamond-Bearing :lflet- :Crystels :Crystsls com~- :Crystals com~ :Crystals with ;

Reglons & Placer:faced : with po-:posed of trisgo-:posed of dis= :"splintery”

Deposits socte- :lycentric:inal strata of :trigolan stra-:striatlon
shedrone:faces __: growth sta of prowth :

Placer deposits )

in the bed of the 17.h 2R, 0. B.9 . 170
river around pire
"Wip"

o

014 pebble
deposlts near
"Mip"

Placer deposits

in mldstresa

section of Malaya 9.7
Batuobiya River

Placer Deposits in

the downstream {3
gsection of uzlaya
Batuoblya River

JMidstresm section of
Vilyul River 1-.5

Widstream section of
H: rkha River ’ eN

Plocer deposlts of -
the Tiung River Basin 2.3 B.5

AT
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.Plecer deposits in the midstresm section of the Vilyul River

(from Viuldiuker settlement to Rybechyi settlement ) also bear

o strong similarity to the plpe "¥ir" end to the sbove placer
deposits‘in regard to the ﬁorpholigical content of diemonds inas-
much es the basic mass of dkamonds gets trensported from these
sources and redeposited In the placer deposits. Hevertheless,
other original sources of diszmonds with a different composition
in the basin of the Vilyui River and above the estuary of the
Malaye Batuobiya River obviously influence the placer deposits

in the midstfeem section of the Vllyui River. Roundéd diamonds,
for instance, sre present in smell but nopiqeable quantities

whereas they are gbsent in the pipe "Mip",

i e LRI AN et e m s
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26 - Cont'd.

DIamoﬁd-Bearing : Crystals with: Crystal with : Rounded Crystals of
Regions & Placer : rounded step-: block : Crystels : Cubic Habit
Deposits 1like faces : sculbutre

T
el L

e
LNRLIEE e

Placer gdeposit in

the bed of tne ri- 15.5 2.h
ver around pipe

"Mir"

AL R

LEL

01d pebble deposltis
near “Mir"

Placer deposits in
midstream section
of Maleya Betnoblya
River,

Placer deposlts in

the Aownstream section
of Maleys Batuobiya
River

Midstream section of
Vilyuil River 3.5

Midstream section of
Markha River g.1

Placer deposits of
the Tiunr River Besin 7.h 11.9

014 pebble deposits near the pipe "Hir" contsined diamonds of great

Tk
1
BH
%1
i

3

A
!

morphologlcal similarity with the dismonds Iln the pipe "ir® as well

as with these in placer deposits of the midstream and downstpeam

sections of the @gleyataatnobiya River which ere located some dis-

tence from the pipe "Mir."

A slight decresse In the number of octahedrons with flst

R SN

3

and even faces as well as in the nnmber of diamonds with poly-

i
LR

centrically grouwing faces was onserved while dlamonds w1th
"gplinbery“ striastion were found in rpeater ¢-antities. It is

" probably éue to the fact that the members of the two above groups
(particﬁlarly Lhosé with‘polycentrlcally growning planesj are mugh
less resistance because of their form than dismonds with "gplintery”
striatlion znd usually of trensitionsl or rhombododecahedral hsbits.
These d.amnonds turn to esmorphous fractures much .uicker and do
notvfall into eny rHowp. Thus, we have a group of placer deposits

redoposited rather closely to one orlginel source of diamonds.
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Plscer deposits in the midstream section of the Markha'

River sre msrked by the predominance of dismonds thet belong to
three morphological groups, namely stones with 8 pettern of tgplintery"

1lines, stones composed of ditrigonal layers of prowth and stones

with block structure. There sre twice as many of the btwo latter

A

varlties then in the pipe "iir". There are sbout ten times less

s

dlamonds wlth polycentrically growling cloavage plsnes and the average

pi

weipght 1s threce tlmes smaller. At the same tlue theplecer deposits
of the midstresm section of the dprkhe River differ essentially

from the morpholosricsl conteéntsg of diamonds in the plecer deposits

L A o

sn in oripinel sources in the upstrean section of the H#arikha River.
There ls a consldersble number of digmonds composed of dltrigonal
layers of growth. 1n the midstresm sectlons of the idarkhs River

the content of thisg type of diamonds exceeds that in the Jimberlite

ety Y AN TS

of the pipe "Zarnltss" by three lines. All these fucts torether

with dets on the desslminaetion of Aiemonds according to slze lead

n M b B A

to the conclusion that independent original sources of digaonds

axist in the midstresm sectlon of the X¥arkhe River.
the morphiology of diamonds
In regard to/placer deposits in the basin of the Tiung River

are in s very speclel category. The sharp predominance of rounded
4tseronds thet exceed ten to 20 times the odcurrence of diamonds ln

other reglons (according to weight) leads to the assuamption that

oririnal sourses must exist in the vicinlty which, vresunably dilffer
from tle kimberlite pipes of the Siberian platofrm. In additlon to
tne practicsl algnificence the search for the so bﬁsic sources is
of tremendous scientific value since their discovery would provide
a vey to the resl neture of rounded diamonds thet has so far not
been clerified desplite the incredible emount of time &nd effort spent
in tpying to determine helir penesis.

The comparstive study of the morphology of diamonds in
placer deposits and original sites of occurrencse is of essentlel

nractical value ingsmuch as the direction of tlie research work may

open the path to the'location of ©he original sources wnich will bave

to be discovered on the basig of the study of diaﬂohds_in placer. - - -, -

deposits.

il
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V. PLACER DEPOSITS OF DIAMONDS IN THE BASIN OF THE VILYUL RIVER

For the time belng we assume that the occurrence -of
diemonds in the basin of the Vilyul River Ls & result of the presence
of original sources of dlsmonds, i.e. kimberlite plpes. Through
erosion oripinal sources of dismonds supply msterial for the form-
atlon of dimuond-bearing placer deposits: eluvium, deluviuy end alluv-
ium. ' o

‘ As the entire area of mellow soll in the Vilyui River Basln
15 seeded with crystals, plecer deposits with o high concentretion
of diszmonds are rare while rich diamond-bearing placer deposits sre
extremely rare. The flirst diamond-bearing deposlits in the basin of
the Vilyui River weres discovered in 1949,

Placér.dsposlts‘of Pré#&uatornary and Guaternary Age
oc ur most commonly in the Vilyui River Basin.

Pre-Quabérnary Dismond-Bearing Placer Dsposits

Pecullar agrilleceous nnd sendy - revel dlamond-bearing
deposaits d scovered in the basin of the #slaya Batuoblya Rilver near

the pipe "#ir" belong to Pre-Guaternary plscer deposits of the Vilyul

diamond-bearing beslin,

The fragmental msterisl is uniformly represented by
pebbles and gravel of guartszs, quartzite, flint'and other minerels
whic!: sre only slightly affected by weathering, with some srestly
deteriorated pebble of kaolinized rocks. The dlsmond-bearing deposits
are underlain by light blwe, bluish-gray, yellow, raspberry red and
@ultl-colored dense and heavy clays. These deposits were diécovered
on s very smnall territory (150 by 300 meters) assoc.ated with the
top carbonacsous basement rock t:ai has kerst topography. The
thickness of the deposits’ is extremely voriable raﬁging from one to
hs metera. Considerable quantities of pyrope‘and disinonds in the
clayey aﬁd gandy gravel deposlis were detected in preliminary tests.

The orig:n of diasmond-bearing deposlts nas not been deter-
mined. Evldently, they have formed by the erosgion end redspositlon
of tie products of chemléal weetherling. Théy ere the products bf
the surrounding Pormisn and JﬁraSSLc deposits as well as theé trap-

rocks snd -imberlite with e retbsr blurred prolile.

-151~
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The occurrence of dlemonds In the deposlts s, evidently,
. connected with Lhe neiyhboring kumberlite ﬁlpe tyip . 1t is cuite
possible thet the diamonds have been set free by other pipes yet to

be discovered.

Despite the lack of an apparent connection between tne
sbove deposits end the terrace sad bed formatlons of the Malaya
Batvobiye and iireleexh rivers we may &ffirm thet there are inter-

nediste dismond collectors in the falaya Batuobiya reglion represent-

ing & link between original sources of dlguonds end alluvisl placer
deposits of the Wuaternary Age.

Arbltrarily t:ese deposits are consldered to be of Pre-
Queternsry Age, most likely of tne Tertlary period. This, however,
besed on very general sssumptions and by analogy wlth other reglons
of tne Siberian pletofrm where & ksoline crust, uvrmed by weathering,
was Ldentifled on rocks of the Upper Cretaceous. :n this fegion
the deposits could not be of earller sre since in the terrigenous
forme=tions of Perwlsn and Jurassic Age in thelr lummediate vicinlty
neither dismonds nor ..Ls paragenetic accessories have been discovered.

For ti e time being 1t ls not posslble to state snytning

sore defln.te sbout the intermed.ary dianond collectors in otrer
regions of tne Vilyuil dismond-besring bssin. At this point, however,
we should lin.e to note scctions of sandy snd gravel deposits were cn-
countered in the basins of the darxhs snd Tlung R:vers where tussls
snowed the presence qf pyrope, chromdiopside «nd magnesien tlmenite

-- the asccessory minersls of dismonds -- which leads to tne sssumption

tl.et these deposlts are very likely to be diawond collectors: Ssctions

Y Y NS IEEN

of -vsvel snd pebble deposits enr.ched by the paragenetlc egccessorlies

of d.wmonds snd besring -iirmonds are asscciaied with the sreas of

_ development of the Euxenite Formetions and so-called "wstersied
conglomerates” thst occur commonly ‘In .the srea between tne iarkha
end trre Tiung rivers.
Hew data have bedome sveilable now testifying to t:e pressnce
of older intezmédi&ry diamond collectors then the sbove-umentioned.
The scholars of the Sclentific Researcn Institute of the iining
tndustry identified conglomerates in the upscream'section of the Msr-

kha River thst mey have oririnested in the Permian Period and that

e s 8 ST T RS =
s R A S T A S S R S R R T R e s e

contalned diemond &nd pyrope.

Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001800150007-5



Declassified in Part - Sanitized Cop Approved for Release 2013/02/25 : CIA-RDP81-01043R001800150007-5

Custernery Dismond-Bearing Plscer Deposits

Among placer deposits of Quaternery cge eluviel, deluviel

R uf s it A e

and alluvial placer deposits as well as placer deposits in short,

gentle valleys should be discussed here.

LTt

1. Eluvial Placer Deposits are connectod with dismond-

3 dtedd

bearing kimberlites and rspresent their products of weatlsring. The
alze of the elwisl dismond-bearing placer depos:ts degends on the '
slze of the kimberlite plpes varying from L0 to 560 weters in Qiameter.
The shape of the placer deposits reflects the shape of the kimberlite
pipes. :

The tnlickness of eluvlal deposits is not constant even
4lthin the linits of ‘one pipe fluctustlong between one to four meters
gnd wore. .n the upper part of the layer the eluxium deposlts sre
represented by a clsy-like yellowish snd grewmish-gray masss wnich
ia eﬁriched with pravel, rvbble end kimberlite {rsgments; the latter
predominste in the bottom of the layer. '

2. Deluvial Placer Deposits have not yet been lnveatigated

and there is very little informetlion avallesble.

This type of territorisl plscer deposits sre associated
with eluvixl deposits repr sentlng thelir deluv.al fans on the slopes
of water currents thet have washed out .or:ere still washing out the
srizinel sources of digsmonds. They are ususlly encountered ln the

fora of cla.ey or séhdy snd subarglllaceous formstlions with e vary-

ing contents of rqbble from locel originegl rocks - primerily roc«s
of Lhe Lower FPaleozoic.

Kimberlité msterisl westhered down to rravel, sand snd
fine partlicles of soil wsa found in the immedlste vic nity of the

kimberlite plpes.

#icroscopic examination revealed thet the paragentic com-

palons of diamonds -- pyrope, magnesian iluenite snd chromdiopside --
play & substzntial role in the constituency of the deluvial placer
deposits. Diamonds were [found in the nelghborhhod of some pipes

{pipe "Zsrnitsea," "Udachnays," et-sl).
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Deluvisl plecer deposits were fouhd neer all kimberlite
pipes but theipr industriel value has not been establisned as yet.
These placer deposits may lead the way to originul sources of diamonds

In reglons where kimberlites hsve not been affwcted by erosion et

the time being.

3. Placer beposits in Short Gentle Ruovineg hsve not been

studled adeuuately. Tiero are closely llked witn deluvisl deposits.
They are present in the basin of' the rivers idalsys and In the basin
of the rivers #alkkyn, Hiumileme, Tiung snd Chenldlkon. The loose
derosits of which the wat-r-collecting depression of tne valleys th:st
wush out the pipe "Hir" ils composed represent a lsyer of turf, plant
and subsandy snd subsrgll aceous sedimentet;on underlain by sand
and'gravel deposits as well as rubble end boulder materlal of Loweﬁ
Puleozolc carbonaceous rock. DRelow the pipe "sir" greet quenticles
of pyrope and llmenite were ldentified in tne ssndy and . ravel
msterial end dlsmonds ~ere recugnized by the une.ded eye. In the
section wiiere the wat:r collecting depression passes Lhe negrshy

mouwtr of a strean that has once exlsted :ere this material is some-

what reweshed forming & transit.onesl mate?ial between leluvium and
aluvium.

#.  Aluvium Plgégg_Deposlts oceur very commonly in Lhe basin
of the Vilyui River and its tributaries. Tlerrace and velley deposits

are consplcuous in thisg =res (iipvre 192). ‘Terrace placer deposlts

aré agroc.vted witi elluviel :ceumuletions of pebbles st terrsces
one, two, taree, four snd five.

Diswonds were dl scovered 1ln all \evraée formstions wlong
the lerger stresms In tﬁe sres where Jdismond-besring plscer deposits
s¢re doveloped ln the valley. :owever, with few exceptions; tues con-
ceatrations sre tngignificent.

Research work aloner the r.vers Vilyul end derkha srowed

. thet ﬁho concentretb ion of dLsmonds decreases tegulaly from the upper
to the lower terraces. The concentr.-tions are greatest iIn the placer
deposits of the first and second terrace; but sven tiiley do not
represent any grest value in view of the low contenctcs of.digmonds

particulsrly in relation to the totsl mountain area.
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The terrace deposits in the Muleya Batuobiye reglons Lave
not been studi ed sdegustely. licwever, it is wuile obvious tiet in
the deposits :ff *he first terracc &s well as eround the mouths of

the stresm the -ilsmond contents in gome spots exceeds by aany times

é2s
AN,

thnt of the rlvers Muorkha and Vilyul.
The plecer depoaite in the volley £6ll .nio the ollewing

canerorics:

W RS

) flood pleins;

o :;‘i' R

;45

b) placer deposits in rhosl, benke ¢nd beccnes;

G

s

S b 1B L R

¢) plicer de osits in ins Tens of wagred Oul Mo8ss;
d) . lucsr depos:ts on o.1luv.el Lslends, sani bers ond banues;
¢) plucer de ¢t~ in the river beds.

all the sbove Lynes of ve ley deposits ure interlined by

LL3Y.

mitugl trenastions eo Leet . e :bove clugsifucation @ srbitrerily
chosen.

Plucer_denoalts in flvod loni oeour comzonly ln Lhe velley
of tue wleye Salnddiye Hiver., In tro losnsires. soction of the

river *ney vve treced slong bre ouviside of Lue aecunder. As & rule,

the content of Alsnonis trere le comeshel loser then In tne sotral
river bede of slluvium 1sl:rnis, ssnd bers and ban & gnd in the

nlscer Jdemosi s of shoals, ban 8 &nd bescued.

Ko i berlite (ropnents we.e found in the constltuency ol
the -oulder, pobble snd rubble suteviel of zlluviel ;lscer dg, osits.
P ey wé e ag «ly ldent.iel in the fora of indlv. Aral ratier sasll
fragnent s in tne w;ter—collecting desrescion of the revine thet
wa~- es oul the wisberli . of tne pipe "dir" snd vlon: e trubutarics
of the Desld n River im -he l:.scdiehe neig@bornood of vimberliile
nrives.

The {regments- of locel ruc-s are didsew.nsted within an
area'that does not sxceed a few dozen x.lomers, pebbles of eRotlic
rochs were encouni ered in Lo a_luviuﬁ at o a{st&nce of 100 to 200

{lometers sni more from "he zone where Lhey enter into the river bed.

The s.ze of tie fragments ln the plucer depoalts wvery

gregtly: t ranges rrom one to 12 centimeters (usually‘pebbies.

wlth a dlsmet r of tow to f.ve centlmeters) imcluding bou%deﬁs"’

detritus of 0.5 metdars in diameter. Traps &and qu#ruzifés

predominunce. The size of the fragnents 6 local rocks
consprciously with the diatsnce frow the zone wheve

_;55_ .
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river bed. Most pebbles a}é'elther round or parfeqbly elliésoid.
Plat pebbles ure rare and is characteristic>oﬁ rocks of the Qower
Palevzolc. .

The minerulogicél composition of the hard lormation of all
alluviel dlamond-bearing plescer deposits 1s quite hc@ogenous. The
presence of pyroxene, llmenite, magnetlite {titsnomasgnetite), gernet,
zlrcon and llmonitse is chsracterlstic. The guentitative correletion
between minersls (primarily be.ween pyroxene end ilmenite) varies
in the plicer deposits and depends on the rocks thot are washed out
by the river. Most placer deposits ghow s visible predominsnce of.
ﬁyroxene which is canged by the common occurrence of traprock.
Usuelly, buere are smeller quentit.es of .lmenite, zircon, chromlte,
almandine and othaor z.nerks of terrigenous foraations of .the Permian
or the Lower Jurassic.

The presence of the prregenetic compunions of dlemonds --
.pyrope, mopnesisn ilmenite, curomdiopside and pervoskite -- is a
characteristic feature of the richest plecer deposlts. Individual
un.t 8 of pyrope aqi oth:er porsgenetic accossor:es of d:.. monds ure
known to be present in the plecer deposlts 9? the r.veprs Vvilyul,
ja.khe and Tiuny. In the plecer Jeposits of the .elays Batuoblya
and Dscldyn R:vers pyrope osnd magneblan ilmenite are encountered
in considervble quantites. The fact that the deposlts contain great
quanti less of psragenetic acrescorles of dismonds leads to thne
gssumptlon that t}ere are rich'placer‘defosits as well as originel

sources of dlanonds.

In addition to di:nonds, the placer géposibs contsin other

valusble minorals; such as .0ld, platinuvm, osamiridium,. snd ilmenite.
Velusble metals are usually found in the form of minute laminge.
Phere :s much :lmenite but its content ususlly does not axcqed”C'T
kilograms p-r cubic meter. A s.multeneous extrection of llmenite
from the placer depokibs as well as from orisinal sites should‘be
considered ln terms of reprocessing concentrastes that are enriched
by nsrd {rectlons. . |

The content of .dlamonds in placer deposits in valleys is
grester than thet in terreces. Lt wss establisphed that the content’
decréases the terraces get older. It wss awlso noted that the contgnt
of dismonds in valley deposiﬁs increages in sareas where'ie?raé€l :
deposits are richsr in diemonds. :
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The‘richeét dlumond-bearing placer deposits sre found in

the direct viclnity of origlnal sources of diemonds-or of rich inter-

medlary dismond collectors. The content of diamonds decrqasés rather

T8 1V W S e 32, a3 P ST XTI

ropidly with the current and rich placer deposits changé into poor
ones. With the decresse in the content of diemonds average welght
of the crystsls also decreases ond greater deterloration is noted.
IV. MEIHODS OF PROSPECTING FOR DIAMONDS

Pyrope, pleroilmenite and chromdiopslde wre tho most
reliable prragenetlc accegsories of di amonds 1n original sources
(kimberlite pipes). In the process of detes -loration that affects
the ki+ber'iLes these minerals are setl [ree end are redeposited to-
sether with the dlamonds in eluvisl and deluvial fonnatlonﬁ. bvent-
vally, they are carried awsy from the oripinal source by the activity
of the stream. Oince the degree of resistence to deterloratlion
varles, the dienond and 1ts prragenctic accessories are transpor ted
at Aiffereut dirtences. in order of succesasion, they resist deter-

joration ss follows: ilismond, picrollmenite, pyrope end crhomdlopside.

Diamonds s#nd the above parsgentic sccessories belong to
winersals of the neavy fraction and sare concentrated ln loose deposlts
under very simllar conditlions so thsl these accessory are.reliable
in slgnalizing the presence of dismonds.

mxeminstions showed the correletion beixcen the c.ntent
of d smonds and thaé of the sccessory wminersls in placer de.-osits.

Diamonds are rere minerals snd énly small quenlibles sre
found in loose deposits. «t 1s often diff:icult to ldentify tpmﬂ
and x-¢sy tests hsve to be conducted. The accessory minerals are
in éonspicous predominence over the dismonds and can be recognized

" by thetr characteristic propertiés.
" In the pest grest quantlt%es of ssnd had to be reprocessed
to esbrblish: the occu;rence of ALHmonds on the 8iberian pletform
as the method of finding dismonds through their paragentic accessor-
ies was unknow. Noy, lsunder &nalyses of the sccessory minerels
.lnchates the presence of diamonds in the same déposits. The in-
creasing concentration of pyrope, picroilmenite #nd chromdlopside
in lsunder Lests allows the detection of rich dismond-bearing placer
deposits and originsl sources of diamends through schlieren

puotography.
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Pyrope 1s recognized most easily in the f%éid suong 8ll

accessory mlnerals.

Pyrope ls found in loose deposlts ususlly in the foram of

ST IYE NN S G

sha;p anpular conchoidal fractures snd legs often In the form of
rounded grains with a corroded surfasce. Its coléring includes
vaerlous shedes of red, vlolet and oragne. 'The size of the grslns
renges from extremely [ine mpecles to grains of four to flve milli-
meters in dismeler. ‘There azre rarely asny larger grains. P¥rope ls

most easily recognlzed when it is encountered In gralns of -2 plus 1

R LT

millimeters.

- s R

ln vliew of its coloring, the identification of pyrope in

trie field 1s very simple. It 1s somewhat more difficult to recognize

pink or very light pyropes wnich are easily confused with almendine.
Laborat&ry tesis have to be made on those virleties to determine

optic and physical properties that are charscteristic of pyrope.

Firat of all, the index of refrsction should be established preclisely.
For pypopes 1t must not be under 1.767. With the help of various
lmmersion ligulds light py;opes can #lso be detected in the (ield.
However, pink and light pyropes sre rather rare snd usuaslly dark
pyropes occur comnonly. This varlety lis easily recognized by

the unatided eye. )

It is sugrosted to conduct experimental work to achleve
a geparation of pyrope from slamdine wibh the help of magnetic
separstion inassmuch as the magnetic suscdptibility incroasss in
accordarice to the content of iron. The c&nsbruction of &n extfemely
simple mapnetic'devLce.to‘be used in (ield work would fscilitete
the identificatlon of pyrope to s great extent.

Picroilmenite is a magnesian ilmenlte cheracterigtic of
kimberlite pilpes. It posses sevéral cleracteristic properties bthat
distragulsh it from ilmenite iln traps which occur most commonly
in the loose depos:ts of this region. in the fleld plcroilmenite
is not as<easily recosnized as pyrope. PicroilmeniiLe is pitch-
black, nes a metalic luster snd a rough corroded surfasce. Some--
times minute crystals of perovskite surround grains of ilmenite.

The size of the grains ranges from a fraction of a millimeter to
one centimeber and more. The fine grains are usually angular while

the lsrge ones are rounded.
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Contrary to trap {1menite, plcroilmenite posées magnetic
propertles -- most of its greins are attracted by an ordinary magnet.
At the ssme time 1ts sppe&rance differs greatly from that of magne-

tite which is usually represented by dull gralns with a tarnished

surface. Fine.splinters of plcrollmenite are transpsrent and pleg-
\
chroism can be notlced under the microscope. Through laborstory

tests it ls easlly identified by its chemiqal composition and,
primsrily by the considersble content of Mg0 (from 10 to 17 percent).

Chromdiopside is ensily spotted in the field by its
emera%d—green colorlng. (Gralns that are greatly sffected by deter-
ijoration are pale green or grayish-green. The gralns have sn irregulsr
shape and the size varies from a fraction of a millimeter up to 1-2
milllmeters sometimes even attalning a size of four to five mil}i-
meters and more. Chromdiopside is easlly found with the h&lp of
chem;cal and spectrum analyses &s woll as through uthe hlcréscope
by its optic characteristics.

Dianonds are set free together with their accessory
minerals in the kimberlite pipe in the process of deterioration of
thelr original sites of occurrence, pradually losing the other
minerals on thelr way. Least reslstant and therefore the first one
to disappear lis chromdiopside; its largest ‘grains are completely de~
stroyed durling.transportation by the stream snd diseppear within

the initisl ten kilometers.

Pyrope is snother fragile aineral and.easily splits sfter
entering a stream untll it falls apart into tiny splinters disappesar- -
ing after chromdiopside; it is rarely rfound at distences over 150 -
to 200. kilometers from the original source. ‘

Picroilmenite can\be trsnasported much further but on the
way it usually 1nterming1es with trap llmenite so that ie is ldentifled
with preat difficulties when found in- the form of'small,gpalns and
at congsidersble distances from the origlnal source in the. fleld.

The diamond endures transportation beat of all minersls

" and may travel many hundred kilometér; frém.its original site of
occurrence.‘ In the coursé of transportation it loses its paragenetlc .

compagions acquiring new occessory mineral on its way. The lstter

are, however, not ggsocleted with kimberlite rocks. In the process
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of transportation diamonds are disseminated in the mass of elluvial
deposits. In the Vilyui Besin they do not form industrial placer
deposits at & considersble distance from their originsl site of

occurrence.

The following lhias to be taken into sccount in the course

of prospecting of dlamonds in the Vilyui Basin of the Siberian plat-
f'orm.

1. Velley placer deposlts occur most commonly. - Since
diemonds sre seeded almost 1in all loose depoaits, there sre but few

placer deposits with a more or less high concentratlions of diemonds -

while placer deposits that are rich ln diamonds are extremely rare.

2. As a _rule, terrace deposits are much poorer in
dlanonds tonsn vealley deposlts. This epplies particularly to placer
deposits that are assoclated with the velleys of large rivers.

3. Rich dlismond-besring placer deposits are, 8a & rule,
encountered at close distance from oripinal sources. As the distance
increases the content of diamonds in alluvial deposlts falls rather
rapidly.

i, In the overwhelming ms jority of cages kimberlite pipes
ere locested in watersheds are are usually vgashed out by small
tributeries. It is possible that kimberlite pilpes are also present
in the valleys of large stresms but so fer none kave been found there.

The preliminary work consists in studylng the samples of
s glven arees and selecting the concentrates on'a terriltory here &
state survey has been conducted (1 : 1,000,000). The tests of the
samples reveal the presence of psragenetic companions of diamonds
primarily-pyrope‘&nd”bicfoil;enlte. 4 ,’

If a geoligical survey (on & scale 1 : 200,000) wefe con-

ﬂducted iﬂ thet region the concentrahes_coilecﬁed during such survey
would also have‘to be checiced for paragenetic cémpanions of diamonds.-
Thelr presence in the concentrates provides a guide for the geologlcal
segrch for dismonds.

If samples were not preserved or & check failedlto revesl
the presence the‘presénce of pyrope &nd picroilﬁenité (it Shquldlbe
remenbered that pyropes may hsave been washed out in the Tield during
the selection of concentrates) the areas of geological pnﬁgppcﬁing

for dismonds should be determined on the basis of general geologicsal
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rfactors. The geological structure of an ares, tecLonics, strati-
grephy, the charaoteristlc properties of magnetic and gr&vity fields,'
etc. must be taken into consideration. The problem on fasvorable
geological conditions requires thorough dlscussion and may be solved
only after a detsiled study of the kimberllite pipes and the depth of
entire cross-gseotion. However, from the very beginning 1t should be
remembered that both reglons wbre kimberlites occur occupy a definite
geological position along the edge of the Tunguske Synclline &and are
located beyond the territory where maximum trep intrustions are found.
Kimberlite pipes only tear through the Lower Paleozolc where 1t 1is
relatively upheaved. A certaln conneotion between the kimberliﬁe
pipes and the fractures in the Daaldyn end possibly in the Malaye
Batuobiya regions is rather likely.

Geological research on dismonds in new areas 1s usually
Jaunchéd by'fleld geologlcal sand geomorphologlical investigetions with
a thorough testing of the concentrates. In the course of tihe teats
{survey) perticular stress 1s laid on the identlficstion of paragenetic
accessories of the dismond.

Field investigations in the course of prospscting for

dismonds Lias been started in the valleys of large streams but special
attention 1s devoted to thelr tributaries, along which dismonds and
their parsgenetic companions could have been transported.

The scale on which investigations are carried on determines

tne extent to which the concentrates are belng tested. Usually, fleld

regearch is conducted on a scale 1 : 200,000 in any new reglion. After

the discovery of pyropes and other accessories of dlamonds more
detalled field investigations sre conducted (up to 1 : 50,060). "After
reducing the area from which the samples are taken by way of elimination
the source of pyropes may be identified (6r of othqr peregenetic
accessories) and the path of théir‘transporution traced.

In sdmpling concentrates it is importent to conslder the
quantity of pyropes or chromdiopsidé in leunder tests. “

For lsunder test usually 20 lot (one lot - half an ounce --
translator )are used. The launder pest ssmple ls dlspersed under a
jet of water on sleves with meshes two snd one millimeters large.
To avoid a loss of particles that are one millimeter large the test~

ing is done over ua basin. Gray concentrates wash out from among
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matefial under one mllliméfcr=;n slze. In the procesé of washing

out the concertrotes it is lmportant ﬁot to wash out garnets.
From among-the grains under two and over one millimeters
0.5 to one lot of samples 1is gelected. On the basis of this emount

the .uantity of pyropes may be estimated (or chromdlopside). The

remaining grains (under two and over one millimeters) are dried, packed
and dispatched for X-ray tests. Material that is over two millimeters
is used to study the content of the substances in the samples.

As a result of the above speclalized sampling of concentrates
the arees where the paragenetlic sccessories of dismonds occur are
espablished and section can be outlined where they occur in grester
gqusntitles.

In areass where large conc entrat Lons 6f paragenetic access-
ories are established detalled investléabion is launched to deter-
mine the presence ol diamonds and its approximate rate of occurrbknce
in a given reglon. Dependling on the rate of occurrence, two to five
samples sre taken from esch section where paragenetic accessories
have been encountered. The volume of detailed testing amounts to
one cubic meter of basic sands. The samples are dispersed under &
jet of water on a suspension '.and screen equlpped with two sieves.

The size of the meshes ls two and one millimeters. The material
which is under two and over one mlllimeter (this material ig found

to contain the lighest quantity of diamonds) is dried, packed and

dispatched for X-ray tests to the nearest laborstory.

Geologicel research teams should be equiipped with portable
lipght Jjigs wi.lch can easily be transported. with such devices mater- -
igl that 1s under two and over one millimeter lerge could be processed
on the gpot. #With such equipment not only this materisl could be
rrocessed but elso materlal ﬁnder four and over two millimeters in
size which would contribute greatly to the accuracey of the tests

designed to discover dismonds.

The above method of sampling the concentretes allows to
establish the regions where prospecting for diémonds should be under-
teken in the course of field work. It slso leads to the discovery
of rich dlamond-bearing placer deposits as well as originsgl sites

of dlamonds.
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Howevor, not all the original-sdurces of diamonds contéin
ylargé quantitie's of pyrope that is always easily identifled in the
field. Such sccessories of the diamond as pleroilmenite are difficult
to spot. For that reason, flnal conclusions on the reaults of Lests
should only be mede after processing the material.
IV. GEOPHYSICAL METHODS OF DISCOVERING ORIGINAL SOURCES OF DIAMdNDS

simultaneously the geologlcael research in the Vilyul diemond-

SRR IRTEIRAP

bearing besin gzeophysical work is being conducted.. The purpose of
this work ls to find new geophysicel methods to discover origlnal
sources of diamonds. Geophysical surveys and tests of the pipe
"oernitsa® have greatly contributed to this work. As a result of

- the verlous degrees of magnetic susceptibility of kimberlites and
of its surrounding sedimentery rocks the method of magnetlc inves-
tigaction was found to be very valuable.

The megnetic susceptlbility of kimberlite (pipe hZarnitsa”)

1s determined by values 2533 - ]_0"6 0GS units, It eguals zero for
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the surrounding rocks. Purtheron, the geological condit lons are ex-
tremely simple and are cheracterized by the development of uniform
beds of horizontal carbonaceous rocks.

This, the extremely'favorable physical factors in addition
to excellent geological conditions have contributed to the high effi-
ciency of geophysicel works which led3to the discovery of thirteen
new kimberlite bodies.

As a rule, sections that have already been investigated

by geophysical research (through the testing of concentrates for pyropes)

are selected for geoﬁhysical survey. Kimberlltenplpes were dis-
covered rather quickly on such tested areas by applying magnitometry.

Magnetic survey was coAducted with magnectlic ceriometers
#-2 (a device that measures lhe verticél component of the magnetic
fie;d), their susceptibility set as 25 - 30y per division.

General research was conducted on & territory 250 by 50
meters. Anomalies thsat Poseﬁblsd pipes were subjected to detailed
studies. Large kimberlite bodlies were studled within areas of
of 25 by 20 meters; small bodies within thh by ten end even ten by

five meters. Detalled as well as general surveys were conducted on

the basis of auxiliary investigations. The preciseness of the re-

.
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gearch.was deteramined by a cublc erro? of inus ° 7
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Kimberlite bodies clearly protrude Iln the form of positive

Goar,

anom&llies against the baclrgrouhd of & static megnetic field formed

R

by a thick layer of sedimentary rocks of the Ordovicign. It shofild
be noted that the Intensity of the anomalous magentic field created
by tixe kimberlites is not the same for different pipes. #daximum

magnetizing force was observed in the pipes of the Dsaldyn region

ndd oS e LA

("2arnitsa,”" "Mallutka," etc.) reaching in individual sections

3,000y: the sverage for the above pipes amounts to wbout l,OOOy and
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even betwesn 200 and lL00 for individual pipes such as, for instance,

>

et [

¥
7sd

“Mir," "Kroshka," and "Zsgadochnsaya."

st a2,

Tax

All the se data apply to kimberlite bodies that elther
emerge to the surface or are sumerged under an eluvial or deluvial

blanket the thickness of which rarély exceeds onk to one and a half

8 2y i R Al

meters in thickness. The difference in the mmgnetic force of individ-
ual pipes 1ls,evidently, basically due to the differenﬁégmounts of
ferromagnetic minerals in the pilpes. A comperison between the pipeé
Mir" and "Zarnitsa" revealed that the former is less magnetic than
the latter. This ls due to the fact that kimberlite pipe "Zarnitsa"
contains greater quantities of secondary magnetite while kimberlite

pipe "Mir"had none. Similar observations were mgde on other pipes.

The heterogenocusness of the magne biq fleld 1s also revealed
in the sites of the pipes. Thls phenomenon is particularly conspicio-
us in pipe "Zarnitsa" (Figure 193). The general background that
characterizes the anomaly produces d.megnetié. force that ranges from
800 to 1,000y. In the north and northesst of the contact a zone of
weak magnetic spreﬁgth was observed prdducing 300y and less.
Individual .sectlons of lower intensity are obgerved in the centrsl
parts of thepipe that is marked by maximum magnetic forcé. Ons point
with a negative anomaly of the magnetic fielci was established. This
heterogenousness in the structire of the magnetic field within one
pipe is, evidently, the result of the different". oomﬁonen‘cs in the
individual sections of the kimberlite body. The comparatively low
intensity may be caused by the presence of Ia;:'ge xenollths of
sedimentary rock known as Wloating reefs" and fz;equéntly encountered
in the pipes of South Africa. Negative anémalies evidently correspond
to zones with trap xen\oliths. A ;ie}ta-iled investig-ation of kimi)erlite

pipes will contribute finding a more définite answer to a series of
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quostions. Referring to the nature of the magnetic fields of other

L,kimberlite bodlas we- should like to emphasize that many of them do
not rcqoal such striking differentation. ' -

Mostly a differentiation 13 observed but it 13 1éss pronunced
th;n in the pipe “Zarnitsa." The pipe "Nevidimka" varies slightly: the
intensity of its magnetic field is lowered to 40Oy as a result of the
screening effect of the blanket of loose deposits (up to five meter
thick) end the increased distance frop the kimberlite body at which

- observations could be made. Therefore, the outlines of the anomaly
appearsd somewhat smoother in comparison to those of the pipe decrcas-
ing the field gradients on the plane of observation.

The decisi§o part in discovering kimberlite bodles covered
by a blanket of sedimentary roclk of a maximum thichness wll be played
by the substsntial composltion of the kimberlites, the size of the
bodies and their development under thé soll. The conversion of the
magnetic gnomaly in pipe "zornitsa" to a horison of plus 100 meters
showed that the lntensity of the anomaly decreases ab en average rate
of two amounting to T00y.

In the case of kimberlite body overlain by thin strata the
location of the contacts, the size and shspe of the pipe and, possibly,
some of the elements of occurrence {angle of dip and dzimuth, depth of
penetretion of the body) can be determined accurately by magnetic
survey. ‘ ’

The basic criterion for the determination of the sngle and
the azlauth of the dip of & plpe is the characterigtic of its surround-
ing magnetic field. Zones of negatlve snomalles along wl th positive
anomalies in & kimberlite body under conditions of direct magnetizing )
testifies that the pipe is incllred. The depth of g kimberlite body
can only be estimated when the kimberlite pipes are located in an area
of regional magnetic anomalies.

If we assumed that reglonal anomaly is caused by the structure
of the c?ystal bed we would figure out the depth to which it penetrates
with an accuraecy of 20 to 25 percent. When a kimberlite pipe 1s
represeﬁted-byﬂé columnar body the depth to which the roof of the crystal .
foundation penetrates would corregpond to the distance at wh}gh the pipe

_expands (into the depth’} in the layer of sedimentary fromations.
- 165 -
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The‘guestion &s to whether kimberlite pipes are sssoclated
with certain intrusive gtruoturka of the crystal foundationf;ﬁﬂ
extremely lnterestiog inasmuch as it allows to estimate th;q;xbent to
which s basin is diamond-bearing end deserving, thersfore, the most

serious attention. The assockation of a group of kimberlite pipes in

the Daaldyn Ri?er Bssin with a system of trap veins is an interesting
fact.

The question of the territorial connection of kimberlite
fields .with the‘plutonic structures of the platform is lard to answer

since the territory has not been adequately studied from a geologlcal

viewpoint and almost no data are avallable as to its plutonic structure
and the composition of the crystgl foundation.

Along wifh direct search for kimberlite bodies geophysical
methods of research should occupy a leading role in solving an importan
group of qQuestions concerning ‘the problem of diamond occurrence on the
Slberian plstform.

CONCLUSIONS

Importent geological and research w ork conducted for a number
of years by the Amakin Expedition in collaboration with other organi-
zation led to the discovery of original sources of dlamonds in 195)-
1955.

The original sites of diamonds turned out to be typicsl
kimberlites in mineralogical composition, structure and texture as well
as in their manner of occurrence. They form characteristic "explosion
pipes" rilled out by great altered breccia-like rocik which consists of
effusive appearance with some specific potrographic proporties (presence
of pervosk lte, appearance of phlogopite, strikingly low iron content in
-all femic minerals, ete.) - and the xenoliths of other rocks. Thre are

- for instance, fragments of torn sedimentary rocks, pre-Cambrian
crystglllne schists, rocks of special origin such as eclogitem which
are unknown in stratigraphic oross-section and, very rarely, porphyrite-
like peridotitiesxwith pyropés. The presence of early xenoéenie miner -
als, pyrope and pikroilmenite that reacts to magna is also & charcter-
istic property.

For the time being a vast field of kimberlite pipes has been
identified. It expands to include the basin of the Daaldyn River and
ad jolning regions.‘ One pipe was discovered in the basin of the Malaya
Batuobiya River. ‘ - 166 -
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The Mald@ya Batuobiya rdgion is located at the meeting pcint

of two lmportent structural areas of different age: The Upper PaleoZ:

P ———— LR

zole Tunguska Syncline and the Mesozoic Vilyui Syncline. The Dagldyn
reglon 1s located on the north northeast border of the Tunguska Syn-
cline bodering in the north on the southern slope of the Anabar
Mountain Range. Both areas border on the outside on a zone that is
marked by a mass occurrence of trap intrusions.

The kimberlites only tear through deposits of the Lower
Pgleozoic. Accordlng to the presence of trap fragments the age of the
kimberlites is recognized st least as post-Permian. The maximum age
limit is still undebermined since the correlation between the kimber-
lites and the deposits of the Jurassic has not been clarified as yet.
However, geological investigatidns conducted in the region of the pipe

"Kollektivanya" gives rise to the assumption that the kimberlites are

most likely of pre-Lower Jurasslc age. Although the kimberlites of
the gbove areas revesl great simiiarity there are also differences
primarily in the composition of the xenoliths. The great quantity of
crystalline schists in the pipes of the Daaldyn region testify to the
fact that explosions have taken place in pre-Cambrian strata that do
”not occur very desply in this particular areg. '

In the Daaldyn region 22 pipes have been discovered eight
of which ark dismond-bearing. The size of the pipes -- which are
predominantly oval-shaped -- vary from }5 meters-to 600 meters and
more along the 1ongitﬁdina1 axis. However, tpe depth of the pipes
has hotnbeen studied. Thelr contacts are véry steep, 'usually the '
body shows an inelination towérd the inward. )

Tests have shown that the pipe "Mir" in the Malay Batuobiya
region is richer in diamonds that the pipes of the Daalgyn reéion.

Intensive‘pOst-magmatio alterations of the kimberlites that
led to a complete serpentinization of olivine on upper levels facilit—
ate the extraction of diamonds from the rock s nce it contains a .
relativsely small.quanity of.haevy fraction with a specific gravity
over 3.0 and is ratﬁer saslly Qestroyéd. :

It 1s quite possible that along with the production of diamonds
the extraction of ilmenite will be profitable from' some pipes since ~
the basic mass of cncentrates In the Daaldyp region consists of tﬁis
minerel. |

- 16? e
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The preliminary idontificagion of pyrope and pikroilmenite in
fhe alluvium led to the discovery of kimberlite pipes, The discovery
of these minerals in the area of the Markha and Tiung Rlvers ledds to
the assumption that individual kimberllte fields or pilpes exist there.
The occurrence of independent original sources of dismonds in the above .
regions may be sssumed on hand of the quantitative dissemination of
diamonds end, particularly, the detalled statistical study of the types
of dlamonds in placer deposits thatvary in accordance with their original’
site.

Placer deposits of the Vilyui Basin are, as a rule, rgther

poor 1n diamonds..Rather rich placer deposits were dlscovered only in
the basin of the Malaya Batuobiya River.

In the ssme region a field of o0ld conglomerates -~ most likely
of Pre-Tertiary Age -- was found in a rather small area. They have
through the deterioration of the old crust of weathering and cortain
many diamonds.

We may affirm that an extremely large dlamond-bearing region
i1s locsted in the Western part of the Yekutska ASSR comparable only to
South-African dlamond-bearing reglons. According to available data the
basic reserves of diamonds in the Vilyui basin may be traced back to
originsl sites and to a lesser degree to placer deposits. There is a
rather limited number of rich placer deposits.

The investigation of kimberlite plpes through mining operations
wlll reveal the change in the size of the kimberlite bodies under the
surﬁdhe and the content of diamonds in the different layers. The
Gharactér andthe degree of the chenges that take place under the soil
is an extremely lmportent factor since the presence of congl derable

" quantities of unaltered olivine in the rock thet has been noted in
various plpes may greatl& affect the technology of enriching end extract-
ing diasmonds from kimberlites. A '

The geological petrograpic and mineralogical deta that have
become avalleble in the course of research cpnﬁucted in the original
soufces of dlamonds must be subjected to thorough scientifiq study which
mg& solve the intricate problem of dhe origin of dismonds allowing for
a more rstional method of coéducting the search for smd 'surveys of

original seurces of diamonds.

- 168 -
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Particular attention should be Eocused on determining‘the:hée
of the kaerlites with grester acouraéy by appljring methods that would
allow to establish the sbsolute age of the rocks end study deposits of
the Juraasic and thelr correlation with the kimberlites,

The method of tracing the paragenetic companions of diamonds
in the kimberlites -- pyrope, pikroilmentte end, partially, chromdiopside %
~- should be widely used. To dis tinguish pyrope from almandine under

field conditions these minerals should be verified through optic
methods. Much simpler methods should be elaborated to 1solste pyrope
from almandine under field conditions.

To Identify kimberlite pipes the method of magnitometric
land survey should prove of great value since it has produced good
results during theinitial experimental work. Aeromagne tic survey and
aerlal photography on specigl films should be mde in the course of
prospecting.

Along with the sesrch of original sources of diamonds great
attention should be devoted yo the search for rich dlamond-bearing
placer deposits, in general, and old plscer deposits, in particulsr.
The latter should be subjected to a most thorough and deteiled in-
vestigation. In connection with the study of the genesls of placer
deposits it 1is necessary to devote special attention to the study of
the old end young crust of weathering.

The study of the original sources asnd placer deposits of

diamonds has to be continued and expanded. It will contribute essent-

A i iR

ially solve the problem of their origin and distribution. )
A versatile geologicsl study of the region will lead to

conclusiong about the occurrence of diamonds Ln the Vilyul region.

The data éontained in this paper as well as the results of

tests made in the courseof further research may be used in work

conducted in certain regions of the siberian plastform.
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Geological Map of the Basin of the Midstreem Area.of
Malaye Betubiya River. Complled by N.V. Kind, M.P.
Metelkina, Yu, I. Khabardin et al. '

1 - Alluvial deposits of Quaternary Age; 2 - sand, Gravel and pebble
deposits snd kaolin clays presumably of Terilary Age; 3 - Marine
clays and limestone deposits with fguna of the Middle Liassic;

li: - continental sand and conglomerates deposits of the Lower
Liassic (Ukugut Formation); 5 - tuff deposits of the Upper Permlan
and Lower Triassic age (tuff formstion); 6 - continental sand and
clay deposits of Lower Permian Age (productive formetion) 7 - sand
deposits presumably of Csrbonlferous Age (Emiaksin Formation)

8 - sand and carbonaceous as well as clay and carbonaceous deposits
of the Lower Ordovician (Ustkut Formation); 9 - red and varlaged
gypiferous deposits of the Upper Cambrisn {Upper Lensa formation);
10 - blanket intrusions of traprock; 11 - tray dykes; 12 - tectonic
lines '
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Figure L : Tectonic chert of the right bank of the Vilyui River
between the Akharanda and Vilyuichan rivers. Compiled
by W.V. Kind.

"1 -southeasgc horder of Tunguska Syncline; it coincides
with the mazimum occurrence of rocks of the productive
fopma tlion of the Lower Permian (1); 2 - ares of the
reletively uphesved occurrence of the Lower Peleozolc
on the border of the Vilyul 3ynoline and the Tunguska -
Vilyui Mesozoic depression (Il}; a) torn by numerous
traprock Intrustions; b) almost without traprock
intrustions; 3 - Tunguska - Vilyui Hesozolc depression
end border sres of Vilyui Syncline (I.I); L - border
of Tunguska Syncline in the Uppeér Paleozoic;

5 - young borders of the Vilyul Syncline and the Tung-
guska-Vilyui Mesozoic depression coinciding with the
borders of a relatively steep submersion of the Lower
Peleozoic; 6 - outside border of the maximum occurrence
of traps; 7 - sreas of a maximum concentration of
intrusive disbases with intense manifestations of post-
magmetic mineralization (continustion of the zone of
plutonic fissures that extends along the border of the
Tunguska Syncline); 8 - very old (Upper Paleozoic)
plutonic flssures that served as the basic channeks for
the intrustion of .traps; 9 - line ol younger (pre-
dominantly Mesozoic and Cenozoic) small fissures,
ditches end éracks caused by faulting and precipitation.
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Figure 5: Rough geologlecal map of the left bank area of the
Iireleekn River in the reglon of the pipe "¥ir".
.Compiled by N.V. Kind, P.F. Potapov and Ye. N.
Yelagina according to the materials of team No.
1 32 and 200. '

1 -dolomites, llmestones, and marls - of the Lower
Ordovician (ust Kut Formation); 2 - clays, clayey sands,
siltatones and carbons of the lower Jurassic (upper
bed of the Ukugut Formetion); b - sand, gravel and
pebble deposits, kaolin clays pr ssumably of Tertiary
Age; 5 - kimberlites; 6 - carbons in deposits of the
Lower Jurassic stripped by mining operetions;

7 - presumed linses of faulting.
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Figure 6: Rough geological map of kimberlite pipe pir".
Compiled by N.V. Kind, M.P. Metelkina and ¥u, I.
Khaberdin according to meteriels of the Amakin

Expedition. ’

1 - Alluvial cones; 2 - detritus and block deluvium of
surrounding varbonaceous rock; 3 - deluviel and eluvial
deposits of kimberlites; ), - small fragments of kim-
berlite tuff, graylsh-green and deep green; 5 - altered
small fragments of 1ight yellow kimberlite tuff; 6 -
coarse fragments of kimberlite breccia; 7 - coarse
fragments of kimberlite breccia with guartz; orange
colored kimberlite sltered in contact areas; 9 -
carbonaceous rocks of the Ust-Kut formation of the
Lower Ordovicima. Overlain kimberlites of Tertiary
formation are shown in the cross~-section.
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Figure 7: Diemond in the kimberlite of pipe "Mipr". x10

Figure 8: Diamond in the kimberlite of pipe "Mir".

Figure 9:

Geological Map of the Dasldyn Diamond-bearing region
Gompiled by M.N. Vasilieva, F.F. Ilyin, V.N. Shchunkin
et ‘al.

1 - Deposlts of the Quarternary; 2 - limestone and dolomite
layer; 3 - limestone layer; L - layer of bituminous :
linestone; 5 - blanket intrusion of traprock. .
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Figure 10: Outline of Kimberlite Pipe "Zarnitsa".

Figure 11: Greenish-gray kimberlite from pipe "Zarnitsa”.
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Figure 12: Linestone Xenolity with Coral Fauna from pipe
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Flgure 13: Shepe and Size of
Klnberlite Pipes
in the Vilyui Besin
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Figure 153 Microscopic View of Kimbfrlite'Breccia

A - large fraguent of altered kimberlite; B - small fragments of
altered kimberlite and scraps of pseudomorphs of serpentine after
ollvine; B- fragmnents composed of serpentine; C- fragments of
serpentine—chlorite schists; D- fragments of serpentine-carbon-
aceous rock. *x10 tlmes.

Pigure 16: Altered Kimberlite
with phlogoplte.

A - psevdomorphs after olivine
conslsting of serpentine,second—
ary magnetite and carbonate;

B - light brown achlsts; C -
baslc mass or altered kimberlite
represented by carbonate. 222

Figure 17: Amygdaleld altered
schist kimberllte from
a breccia fragment.

A - amygdules filled out by ser-

- pentine and carbonate; B-pseudo-
morphs of serpentine and-magne-
tite sfter olivine;.C-scalss of
phologopite} D- decomposed basic
mass. X1

Pigure 183 Altered ximberlite
from & brecciea
fregment.

A rounded formstion in the center -
rominds of a xenocrystal of an.
outside mineral .replaced by
serpentine end -surroundeddy a.’
reaction rim also filled out by
serpentine. x15
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Figure 19: Fragment of eltered kimberlite in breccisa
Fragments of serpentinous olivirie crystals
(first generstion) are visible in the kimberlite. x20

Pigure 20: Kimberlite fragment in breccia.
sell-preserved pseudemprphs of serpentine and carbonate

after phenocrystals of olivine and pseudomoprhos of
carbonate after microlites of pyroxene are clearly

visible. x75. -

Figure 21: Small fragments of kimberlite breccia.

A - minute fragments consist of pseudomorph of serpentine
and magnetite sfter phenocrystals of ollvine and a basic
mass replaced by carbonste; B - limestone fragments; ¢ -
fragments of serpentine; D =~ cementing mess of breccla
represented by serpentine. x22.
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Figure 22: Fragment of garnet crystal in altered kimberlite.
Crystalline garnet - A, .to the left 1s a dar kimber-
1ite rim - B, that included this crystal Ln the past.
x40

i
i
5

Figure 23: Fine fragments of kimberlite tuff (breccia).

Irr- gular grains of serpentinous ollvine and {ragments
of limestone in the cementing mass: to the left is

a grain of ilmenite. x70

Figure 2l: Fine fragments of kimberlite tuff (breccia)

’ Pragments of olivine crystals fully replaced by serpen-
tine;.violet pyrope split by cracks without a .
keliphite rim; go the left scales of chlorite. xT70
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Figure 25: Kimberlite Breccia.
Microgralned quartz (light), rellct sections of

slightly kimberlite with quartz (dark). x35.

Figure 26: Eclogite witin Biotite.
Grains of Fissured pyrope and omphacite with cleavage

are visible, below asre large scales of biotite with
inclusions of ore grains. x75.

Plagioclase pyroxeneﬂcrystalline schist with garnet.
A grailn of garnet, cracked, thq crack filled out by

actionolite. x70.

Figure 27:

e ———

Flgure 28: Plagiuclulse:pyowsté oyt iiisi sy VN pianmEie
Garnet with two patterns of acicular inclusions. x70

_leb;

] : . :.-;r(.; o T
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Pigure 29: Plagioclase Pyroxene crystalline schist with garnet
and disthene.
Tép: garnet grain without keliphite halo, below, 1t

1s interpenetrated by a claster of disthene crystals
Just like the. plagloclase.

st
¢ Lok

Figure 30: Plagioclase pyroxene crystalline schists.

Cluster-like agregates of disthene that penetrates
into garnet. x80.

Figure 31:

Plagloclase pyroxene crystalliné schist with garnet
and hornblende.

In the center is a more or less idomorphic grain of
paragasite. xlO.

Figure 32: Alte?ed Rock

In the center: relict plagioclase almost completely
replaced by kaolin products. x80

_;85_
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Figure 33: Altered Roclk
Relicts of a graln of monoclinal pyroxene replaced by
carbonate and pertly by a chlorite-like mineral. x80

Figure 3L : Altered Rock : .
Pseudomorphs of secondary minerals prodicting agregetes
of zonel formation similar to collomorphous texture. x75

Figure 35: Garnetized Rock
Grains of monoclinal and rhombic pyroxene garnets, to
the right--xenomorphic grains of hornblende with cross
cleavage. x75.

Figure 36:. Pyroxene crystalline schist with garnet. .
Rieght-large grains of hypersthene almost completely re-
placed by brown iddingsite: - grgins of gernet. x75
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Figure 37: Hyperstehen amphiobholic schists.

In the center-grains of hornblende, rlght - relicts of
hyperstehene. Replaced by iddingsite: light grains
are plagioclase. x75

Pigure 38:

Hyperstehene amphibolic schist. Elongated scales of
biotite together with hornblende and ore mineral. x75

,Figuré 39: Rim of altered kimberllte around microxenolity.
. Enrichment with magnetite is noticeable in the peripheric
section, of the frapgment. x15

Figure LO: Remainders of fauna in.a limestone xenolith of kimberlite
: : breccia. x69

Figure }1: Pseudoolite limestone. Xenolith from kimbeflite_
breccla. x25 B . -
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Figure h2: Microxenolity of kimberlite in cerbonaceous velnstone.x20

Figure L3: Contact between fieldspar pyroxene rock and surrounding
kimberlite.
Development of sceles of biotite and very intense ferric
oxldation along the contact is vislible. x50

Figure Lli:  Grains of pyrope in kimberlite "Zarnitsa".

Figure L5: Glx;ains of Pyrope in keliphite halo of pipe "Zagadochnays".
x
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Figure U6: Grains of deep red pyrope in kimberlite pipe "Zarnitsd."

x20 .

Figure U7: Grains of red pyrope in kimberlite pipe "Zarnitsa." x20

Figure B8:  Violet pyrope from klmberlite pipe "#ir". x30

Figure L9:

'Oran{ie pyrope from kimberlite'pipe "Zarnitsa." x20

N
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Grains of pale pink pyrope from kimberlite pipe "Mir." x20

Figure 51: Incluslons of crystals of chromium spinelide in red-
violete pyrope of kimberlite pipe "Mir" x30

Fipure 52: Elongated aciculer Pigure 53: Leminar inclusion
inclusion in orange in orange-red of
pyrope of pipe "Mir" kimberlite .pipe "Mir"
x30 x30

Figure 5l: Inclusions of chromdiopside in pyrope teken from
‘ kimberlite pipe "Zagadochnaya." xl0 -

P
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Figure 55:

Fiugre 56:

Figure 57:
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fooceysnp
{ .‘/dapo&w
Andoadus

Grossularite
Varovite
Andrgdite

Content of main componerits ln samples of pyropes of
different origin.

1l - Pyrope from diesmond-bearing kimberlites and pacer .o
deposits of the Vilyui River Bgsin; 2 - pyrope Irom dismond-
bearing kimbevlites of South Africa; 3 - glmandine from :
very old metamorphic schis tg of the Aldan Shleld and

Ansbar dountsaln Range.

Ilmentte from kimberlite pipe "Mir"., x20

Cluster of ilmenite Figure 58: Leucoxene fringe

crystals from kinbérlite of ilmenite from

pipe "Zarnitss." x20 kimberlite pipe
' . . "Mir. " x15

o
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Figure 59: Pervoskite on greins of ilmenite in kimberllite pipe
"Zarnitsa." x20

W g wessy,

350

300

"

LSS0 4360 6570 4360 580 4600 4606 &S0 488 4646 7

Figure 60: Correlation between specific (P) and magnetic
susceptibility (x).

Element
No. of sample

oo Boi Breox Nouox Brs-1%Cessrs,
N ' Horvosz oo Hﬂﬂﬂﬁw%@%m% ~400r%

Figure 6l: Diagram of the chemicgl compogition of samples of
ilmenite according to spectrum snalysis.

Megnetite of divergent -columner structure from
kimberlite pipe "Zarnltsa." x5 )
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Figure 63: Druse of crystals _ Figure 6li: Cluster of Octahedral
magnetite from kimber- crystals of magnetlc
lite pipe "Zernitsa." from- kimberlite pilpe

"zarnitsa." xl-

Figure 65: Reinform formation of magnetite from kimberlite pipe
"Zarnitsa'. x1.5

Higure 66: . Greins of olivine from kimberlite pipe "Zernitsa". x20

Figure 67:

Greins of diopside from kimberlite pipe "Za’x;nii:sa‘.".x?Q
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Figure 68: Gralns of chromdiopside from kimberlite pipe "Zarnitsa." x20

ANTIF s 2 b Py T T e

pigure 69: Schist from kimberlite pipe "Zagadochnya." x5.5

I

3
i
»

Pigure 70: S€hist from kimberlite pipe "Zsrnitsa." x20

Figure 71: Development of gcales of phogopite along .cracks in & .
grains of pyrope from kimberliteé pipe. "Zagadochnaya." x30
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- Pigure 72: Chlorite from kimberlite pipe Miir." x25
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Figure 73:
'

Figure 75: Pseudomorphs of serpentine after olivine

;
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Figure 77: Defferential theraic c;lz_;zve of serpentine. Sample
i

Figure 78: Calciostronciante from kimberlite pipe "Zarnitsa." x15

Figure 79: Crystals of calclum from kimberlite pipe "Mir". x15

P 7
K

l

' |
2 100 200
/ ;M"”Myml ¢ J00 W00 500 606 00 @ 00w

Figure 80": Differential thermic -cunfe of calcite

i
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ite from kimberlite 7Pigure 82: Grains of Grossu-
§§§3t3m1§" x20 larite (eluvium fro
’ -kimberlite pipe
"Hir") x20

Figure 81:

10 20 30 40 30 8079 & KX 40 128 12 s 28 354 454 me

Curve showing dissemination of dismonds according to

weight. Plafer deposit "Ogonek."

Pigure 83:

|

g ! !
010 020 830 040 030 Q60 070 080 090 100 110 120 130 140 150 T b .

gsemination of digménds according

Histogram of the dis
Plafer, deposit "Ogonek."

to radii of equivalent balls.

Figure Bl:
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’ Figure 85: Curve showing distribution of dlamonds in }rimberlite
pipe "Mir" according to un:-!gh .

1
l 5 .

|
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‘Curve showing dissemim tion of dismonds according to
wkight on kimberlite pipe "Zernitsa."

Figure 86:
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Figure 87:
in placer deposits
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Diagram éhowing changes of average weight of diamonds
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Figure 89: Blade-1like diamond Fipure 90: Coarse laminar
crystel of trensition octahedral diamond
habit between octshedral x13 .
and rhombododecahedral.
x2l

© R A OALASS e T YR

Figure 91: Finely laminated Mlgure 92: Digmonds octahedron
dlamond crystal of with striatiation
transitional hablt on surfaces in lieu

of edges.

Figure 93: Diamond crystal of Figure 9lj: Dismond crystal of
rhombododecahadral rhombododecahedral
habit of composed of habit composed of
ditrigonal laminael ditrigonel leminae.
The left face reveals T x20
winding line of face
seam. X15

F¥gure 95: Rhombododecahedron . Plgure 96: Rounded diamond

with striation on faces rhombododecahedron .
formed of protruding ends * . with traces of laminar
of the layers of growth. © structure in the form i
Left, pyramide of growth - of winding cluster-

et the outcrop of the triad like striation. x22
axis of symmetry: x15 : .

[

: . A T
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Figure 97: Dismonds-spbnel

96 pinel twin of . 99: Extreme degree of
Pigure 99 ggtahedral dismond, flattening of a spbnel
flattened along the diamond twin.
triad symmetry axis.
x15

Figure 100: Spinel twin of two Figure 101: Flattened diamond
rounded diamonds. x1l octahedron with
trigonal overgrowth
in the position of
s spinel twin. x26

Figure 102: Two flattened octa- Figure 103: Isometric {(upper)

' hedrons grown together and flattened(lower)
according to spinel ~ ; octshedrons grown
law. x20 . together according

. to spinel law
x19.

andaan
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Figure 10l: Flattened spinel twin Flgure 105: Flattened spinel
of laminsr octshedrons twin of 2 dliamond
of diamonds. octshedron, taken

. at a sharp angle
twoard the axls of
depression.

e s i 2 e T

Figure 106: Depressed spinel Flgure 107: Ssme as on figre 106
diamond twin. Taken Taken under straight
along axls of depression. engle in relation to
x8 agis of depression.

X

Figure 108: Fragnent of spinel ' Fligure 109: Pattern of trigonal
’ -diamond twin with hollows along line
winding line of twin - of twin seam in de-
seam. x~°0 ’ : pressed spinel
diamond twin. x5.5

Figure 110: Parsllel custer o N )
Bre tgo diamond ociahgdrons Figure 111: giﬁfﬁ:; gfaThfge
Xx20. - mon K
0 octahedrons. Two. <
large crystals‘have
grown . together '™
parallely; i
;- smaller. cr;
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Pigure 112: Cluster of three Figure 113: Irregular cluster of
laminar diamond three leminar dis-
octehedrons. x18 mond octahedrons.

x20

Figure 11li: Polycrystal cluster Figure '115: Diamond from klmber-
of octahedral diamonds. lite of pipe "Mir".
x18 ' x7

Figure 116: Flst, inversely parallel Figure 117: Largd and desp in-
triangular hollows that versely parallel
cover the faces of triangular hollow
diamond octahedron. with step-llke wsalls

on the faces of the
diamond.

Figure 118:° Linear Pattern of Figure 119: Formation of inversely
) small inversely parallel . parallel triangular
triangular hollows hollow during growth
developed in the direc- of the face of the
- tion of the octshedrsl: ' octahedron fromutops
cleavage of the dismonds x20.

&

. I
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Figure 120: Formaetion of "Open" Figure 121: Pattern of terta- bo
inversely parallel gonal hollows on the ¥
triangular hollow site of the flace of
during the growth a diamond cube. x30
of the octahedron
face from two tops.
x21. .

Figure 122: Pattern of tetragonal Figure 123: Formation of a
hollows on the site of pattern of tetragonal™
the face of a diamond depressions during -
cube. x35 laminar growth of an.
octahedral diamond.
x30

Yenle P MEST TR T

Figure 12l: Tetragonal hollows on - Figure 125: Diamond crystal of a
the tops of an rhombododecahédral
octehedrsl dismond. habit with e columnaré
x23 : sculpture of the

. faces. x19

SISO 5,

)

iy

R T A

Pigure 126: Irregular diamond Figure 127: Diamond crystal of
crystal wlth octahedral rhombododecahedral
plenes formed of finely habit covered by
laminated ditrigonsl tri- striation.on the:
angular formetions. The texture. x17
crystal 1s covered by a ’
light transpsfent stristion
on the texture. x9

~203-

. § e —
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Figure 129: Diamond Octehedron
covered by dense
striation.Crescent-
shaped cracks are
visible on the sur-
face of the faces.

Leminar octahedral
diamond with mottlet
striation on the faces.
x17

Figure 128:

TP At misiat sk et B T

—— e
e it ostisd sttt

Broken rhomhodode-
cahedral. The faces.
and the cleavage sur-
face are covered by
striation of the
tecture. x22

Figure 130: :irreguleryy developed Figure 131:
crystal of an octahedral

deimond with a pattern of.

inversely parallel trigonal

hollows on the face of the

6ctahedron. The crystal

is covered by striation of

PPN

o Ry art e

Figure 132:

Figure 13b:

the texture.

Dismond crystal of
rhombododecashedral habit
with corroded surface.
x33

Rounded rhombodo-
decahedral diamond with
corroded surface and
rounded edges. x16

Pigure 133:

Figure.135:

Rounded rhombode-~
cahedral diamond
‘with corroded sur-
fsce. x35

Diamond ¢rystal of
rhombododecahedral
habit with coarsely
corroded surface and
rounded edges. x12
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Figure 136: Rounded rhombodo- Figure 137: Dlamond fragment
decahedral diamond Zwith corroded sur-
with fine caverns “fagg. x15
caused by corrosion
on the faces (lower
part of photograph)x25
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Figure 138: Inclusion of a rounded Flgure 139: Two rosettes of
lsmina of graphite on the graphite developed
surface of an lrregularly along the inner cracks
developed rhombododecahedral .In the octai.edral
didmond crystal. x9 diéamond.

Figure 1j0: Inclusion in diasnond Figure 1h1: Snell inclusions of
a~large graphite rosette, transparent mineral
developed slong inner : (zircon) in a dismond |
cracks around an inclusion octanedron (center and
of 2 transpasrent mineral ' top of photograph).x6
(zircon?); b - inclusion of . 4
& transparent mineral crystal
surrounded by small blade of
graphite. x30

Figure 1Lh2: Small inclusion of trans- Pigur*e 1113
) parent mineral(zircon?) : ..
ip gq octahedral dJ.amond
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Figore 1llli: Fractured prismatic Figure 1lj5: Group of inclusions of
zircon {(?) included in a olivine (?) crystals in a
dlsmond diamond

Flgure 1li6: Inclusion of an izometricaelly included garnet (?) crystal
in a diamond

Figare 147: Inclusion of @& Figure 1L8: Inclusion of en
chromium spinelide (?) octanedrel chromium spinélide
crystsl.x80 crystal in g leminated
. : dismond octahedron

SRR O
L&"T-L's’v; &?ﬁ';{i AT
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Figure 1;9: Diamond cctahedron Figure 150: Diamond octahedron with = B
with a small break on the face : truncated top and cavities on
{(at the edge) x7 the face. x17

Pigure 151: Diamond octahedron with flgure 1%2: Snapless frapgment of
partly broken tops snd faces; con- d.amond crystal with =z pre-
doldal frscture is visible on face. served octahedral section of
x18 the face that shows inversely

pagallel triagonal depression.
x2

Figure 153: Shapless fragment of Flgure 154 : Shapless fragment
a diamond crystal with fine . g diemond crystal. x25
winding cracks on the surface
of the break. x18
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Flgure 155: Irregularly developed Flgure 156: Parsllelepiped fragment
crystal of a diamond with step-

_ with conchoidal surface of the¥
llike surface of the fracture. fracture. x15
x17

Filgure 157: Diasmond twin depressed Fieure 158: Irregiularly shaped
along the triad exis of symmetry dianond crystal with traces
wlth a pubtern of conchoidal of mechanlical weathering on
fractures on the broken face of the edges and tops.
an octahedron. x7

Figure 159: Flat edges octahedral dlamond with parallel
' striatlon on the place of the edges. x2l
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figure 160: Diamond crystal of Flgure 161: Diamond crystals with

transition hebit composed of polycantrically growing faces.
trigonal layers of growth. ’

x25.

Figurel62: Fractured cathedral Figure 163: Diamond with poly-

diamond with overlepping tri- centrically growing faces on

gggal formstlons on the faces. the side of the exlt. x21
x

.Figurz ;6&: Spinel twin ef an
octabedral diasmond depressed (elonrated alon " -
along the triad axis of shaped" Hiamondgoggihegggg.

symmetry. The common face of x12. ’

the octehedron is formed of

overlapplng fine trigonal

forms tions. x7

Figure 165: Irregularly developed

K - B F g
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Plgure 166: Same as .on Figure 165.
x21.

Figure 168: Diemond crystsl of
rhombododechhedral habit with
a shield-like form of the layers
of growth. xl2

Figure 170: Diamond ¢rystal of
a translition habit with
"splintery" striation on the

faces of the rhombododecahedron.
x25.

5

\\

Figure 167: Diamond octashedron
formed of shield-shaped layers’
of gwowth. On the site of '
the edges of an octshedron
cluster-like stristion ig
visible. x15

Figure 169: Diamond octahedron
with "splintery" striation
on the site of the edges. 116

Figure 171: lsometrically developed
" rhombododecahedron covered by
"splintery" strlstion. x20.
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Diemond octahedron
with rounded thick
layers of growth in
profile. x18

Figure 17li: Seme as on Figure 173.
x15 .

Pigure 176: Sseme

>
l

Figure 177: Dismond with block sculpture

Figure 173: Irregularly developed
diamond octahedron
with rounded stép-
like faces. x28

Figure 175: Rhombododecateiral
diamond with rounded
step~like faces. x29
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Figure 1%8:

Figure 180:

Rhombododecahedral
diamond with block
sculpture on the faces.
x1h.

Rounded rhombodo-
decahedral dismond with
"t1led" sculpture on the
faces. At the outcome of
one of the tetrad axes of
symmetry a large tetrs-
gonal hollow.

g T
L e

e
i P

L

Figare 179: Rounded rhombodede~

Ficsure 181:

cahedral dlamond.
x1h.

An octahedral diamond
with a pattern of -
rhomblc factures.
x15.

Figure 182: Cavgrns of corrosion on s rounded rhombododecaﬁedron. x12
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Figure 18L: Rounded rhombododeca-

Figure 185: Rounded rhombododeca-
gated along I
hedron, slightly hedron elonga 3
elonga%ed elong one of the tetbpad axls of
triad axes of aymmetry.

symmetryl x33
x1h.

= = . " PR i
et e et i e oS

Figure 186: Cublc dianond. x25 Figure 187: Cubic diamonds with

a development of R
octahedral faces on 7
the edges &nd tops ).
and with tetrahedrali}
hollows on cuble
feces. x30

Pigure 188: Cubic diasmond Figure 189: Cubic diamonds with
elongated along the developed octshedral
tetrad sxis of symmetry faces on edges and
with truncated edges tops. x20
and tetrshedral das-

pression on cuble faces.
xh0

Figure 190:  Seme diamongd ss on Figure 191:‘A1umbpotasgic alum
Figure 189 taken from

] - crystal (accorqing;3ff
the side of the edge. . to G. Bakli). SR
Xx15. . i < .
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Fig 192 Geomorphological outline of the Markha River valley in the area of
the placer deposits Verkhniye Islands.

Terrace deposits: 1 = Sth terraces 2 - Lth terracej 3 - 3rd terracej L - 2nd
terrace; 5 - 1lst terrace., W¥allgy deposits: 6 - flood deposits: 7 - Shoal
waters, embankments; 8 - alluvial fans of residual terraces; 9 ~ spits,
islands and banksj 10 = acutal river beds,
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7urma & usbecmuakol
Janwerse 20pmt0x 90001 19552

Fig, 193:-Mpp of magnetic anomalies in the pipe "Zarnitsa!
Line of contact between kimberlite and limestone according to data.available

through mining operations in 1955,
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