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ABSTRACT. Diamonds from t h e  "Udachnaya" vein  were 
found t o  contain o l i v i n e  (2 inc lus ions)  chrome-diopside, 
garnet  (2 inc lus ions)  and concret ions of garnet  and chrome- 
diopside.  These d a t a  make poss ib le  a more exact  evaluat ion 
of t h e  d i s t r i b u t i o n  of s c a t t e r e d  concentrat ions of K 0 a t  
high pressures  i n  t h e  pyroxene phase. 2 

I n  t h e  pas t  few years ,  use of an e l e c t r o n i c  microprobe has already pro- 

duced the  f i r s t  d a t a  on a d i r e c t  determination of t h e  chemical composition of 

minerals t h a t  a r e  included i n  diamonds [6, 16,  171. These da ta  point  t o  the 

s p e c i a l  r o l e  of the  minerals  i n  the  process of forming minerals  deep under the 

ear th .  However, i n  s p i t e  of t h e  r e l a t i v e l y  s i g n i f i c a n t  quant i ty  of analyzed 

syngenetic inc lus ions  (about 50), t h e r e  are no d a t a  on such an important 

mineral a s  chrome-diopside. Information on t h e  composition of inc lus ions  of 

var ious  minerals from one diamond c r y s t a l  is  a l s o  very l imi ted;  it i s  only 

avai lable  f o r  t h e  following p a i r s :  o l i v i n e  and garnet ,  o l i v i n e  and enstatite, 

o l i v i n e  and chromite, and garnet  and chromite [17]. However, t h e  most simif- 

i c a n t  information f o r  deciding on t h e  c r y s t a l l i z a t i o n  condit ions could be 

obtained by studying a p a i r  of pyroxenes o r  pyroxenes with garnet ,  
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For t h i s  reason the re  i s  g rea t  i n t e r e s t  i n  t h e  study of various inclus- 

ions t h a t  a r e  found indiamondsfrom t h e  "Udachnaya" vein  i n  Yakutiya (Sarriple 

No. 5 7 / 9 ) .  After  t h i s  c r y s t a l  was crushed, the  following minerals were ex- 

t r ac ted :  o l i v i n e  (2 inc lus ions)  chrome-diopside, garnet  (2 inc lus ions) ,  and 

a l s o  concret ions of garnet  and chrome-diopside. The s tudied s e l e c t i o n  of 

inc lus ions  i s  unique i n  t h e  quant i ty  of t h e  var ious  minerals  t h a t  a r e  contained, 

The diamond was an almost i sometr ic  octahedron, about 8 mm i n  diameter; 

i t  weighed 0.851 g (4.25 c a r a t s ) .  The f a c e t s  of the  octahedron were covered 

with a series of t h i c k  f l a k e s  of a d i t r i g o n a l  form of growth. The f l a k e s  were 

intermixed with each o the r  with respect  t o  o r i e n t a t i o n  t o  t h e  f a c e t s  and t o  the 

top of t h e  c y r s t a l .  A t h i n  system of cracks had developed around t h e  inclus ions .  

The idomorphous inclus ions  of o l i v i n e  and garnet ,  t h a t  w e r e  ext rac ted  

from t h e  diamond, were subjected t o  a goniometric inves t iga t ion  i n  a double- 

c i r c l e  goniometer GD-1. The o l i v i n e  c r y s t a l  (Figure 1)  was s i g n i f i c a n t l y  

extended along t h e  [001] ax i s ;  i t s  dimensions were 0.25 x 0.14 x 0.18 mm. 

, Because of t h e  i n s i g n i f i c a n t  dimensions of t h e  c r y s t a l  and t h e  weak sisals 
I I 

I withd i f fusecon tours  from most of t h e  f a c e t s ,  t h e  spher ica l  coordinates of 

1 t h e  f a c e t s  w e r e  r eg i s t e red  from r e f l e c t i o n s .  Thus, t h e  d i f fe rence  between the 
i 
1 ,  measured and ca lcula ted  values  of t h e  cp and p coordinates was a s  much as 2" 

f o r  various forms. 

The c e n t r a l  p a r t s  of the  f a c e t s  i n  t h e  v e r t i c a l  band appeared smooth 

1 and f l a t ,  but t h e  pe r iphera l  p a r t s  w e r e  rounded. I n  essence, t h e r e  were 

narrow c y l i n d r i c a l  su r faces  a t  t h e  edge locat ions ,  bu t  some places had r a t h e r  

wide c y l i n d r i c a l  surfaces.  The roughest f a c e t s  were t h e  a(010) planes. The 

~ ( 5 4 0 1  and (1401 f a c e t s  appeared t o  be w e l l  developed, but  had significm8sl.y 

smal ler  dimensions than t h e  a(010) plane. The r(130) and ~ ( 1 4 0 )  planes bad 

t h e  form of very narrow f l a t  bands. A l l  of these  forms, except zC140) had 

been observed e a r l i e r  i n  o l i v i n e ,  and are usual  f o r  ind iv idua l  types of t h i s  

mineral.  The f a c e t s  on t h e  crown had s i g n i f i c a n t l y  smal ler  dimensions than 

t h e  f a c e t s  on t h e  v e r t i c a l  band, and were l i g h t l y  curved i n  some degree, 



Among them, t h e  following f o m s  were es tabl ished:  0 (36:). 6{/100), s {i?."). 

y{/152f,. z;i72), p j 2 2 i ) ,  cpii.42); up t o  now, such forms have not  been encomtered 

i n  o l i v i n e  c r y s t a l s  of o t h e r  genetic types. The roughest f a c e t s  were sf1321 

and ~ ( 1 7 2 ) ;  t h e  rest w e r e  very f i n e  (see  Figure 1 ) .  

The garnet  inc lus ion was a narrow 

c r y s t a l  of oc t rahedra l  appearance with 

dimensions of 0.30 x 0.19 x 0.17 m; it 

. . was s t rongly  elongated along one of  she . , 
L2 axes (Figure 2). This d i s t o r t i o n  re- 

su l t ed  i n  r a t h e r  long,  smoothly rounded, 
- -- f a l s e  edges a t  t h e  top of t h e  octaheiirow, 

Figure I. An o l i v i n e  c r y s t a l  The equally s i zed  f a c e t s  dominated the 
from a diamond. c r y s t a l  and gave very c l e a r  and sharp 

s i g n a l s  on t h e  goniometer. One o f  these  

f a c e t s  O ( 1 1 1 )  had a rough outgrowth that 

had a laminated s t ruc tu re .  The narrok7 

c y l i n d r i c a l  su r f  aces had developed at the 

edges of t h e  octrahedron, along w i t h  

extremely t h i n  long i tud ina l  s t r i a t i o n s ,  

which gave goniometer s i g n a l s  i n  t h e  f o m  

of t h i n  rec tangular  beams, One r a t h e r  

c l e a r ,  but  d i f f u s e ,  s i g n a l  was reg i s t e red  

on each of these  beams. Measurements of 

Figure 2. A garnet  c r y s t a l  these  r e f l e c t i o n s  showed t h a t  they welce 
from a diamond. very c lose  t o  tr igon-tr ioctahedrans 

q13;1;:), $(551), xi392 j and AI7741, according 

t o  t h e i r  c rys ta l lograph ic  pos i t ion .  Moreover, s l i g h t l y  rounded tetragon- trim 

octahedrons n(4451 and a hexatetrahedron EC453) were encountered i n  some cases, 

Garnets of octahedra l  appearance a r e  very r a r e  [ l l ] .  Only rhombododecahedrons 

w e r e  found v i s u a l l y  i n  garnets  from diamonds [2]. This  form, along e t h  the 

tetragon-tr ioctahedron,  w a s  observed i n  s y n t h e t i c  pyropes [I]. 



X-ray ana lys i s  of the  inc lus ions  was ca r r i ed  out  on t h e  MS-46 microanalyzer 

under condit ions described previously [4, 61. P h i l i b e r t ' s  Method [I91 was  

used t o  c o r r e c t  t h e  measured i n t e n s i t y  r a t i o  f o r  x-ray absorption i n  the 

sample. Corrections f o r  t h e  e f f e c t  of t h e  atomic number of t h e  r a d i a t o r  were 

made according t o  Duncumb and Reed [ l o ] .  Corrections f o r  t h e  f lourescence 

of t h e  c h a r a c t e r i s t i c  spec t ra  were made according t o  Reed 2201. The correc-- 

t i o n s  were ca lcula ted* on an e l e c t r o n i c  computer by t h e  method of successive 

approximations. 

Table 1 shows t h e  r e s u l t s  of t h e  ana lys i s  of o l iv ine ,  which was sslbjeeted 

t o  a prel iminary goniometric inves t iga t ion  (Column 1 ) ; ' t h e  roughest ine lus ion  

of garnet  t h a t  was i s o l a t e d ,  which was 0.8 ram along t h e  a x i s  (Column 2) ;  

chrome-diopside (Column 4 ) ,  and an inclus ion i n  t h e  chrome-diopside (Column 61, 

The compositions of t h e  garnet  (column 3) and t h e  chrome-diopside from the  

concret ion (Figure 3) were a l s o  studied.  

Colorless o l i v i n e  is  character ized by a high content  of f o r s t e r i t e  (9%%), 

It is analogous t o  diamonds i n  the  amount of admixed C r  0 [18], but  d i f f e r e n t  
2 3 

eom o l i v i n e s  t h a t  come from kimber l i tes  and hyperbasic rocks, 

The garnet ,  which had an unusual inky blue  co lo r  when i t  was s t i l k  i n  

t h e  diamond, was f i r s t  i d e n t i f i e d  from x-rays. After  i r .  was ext rac ted  from the 

diamond, t h e  color  of t h e  garnet  turned out  t o  be b l u i s h  v i o l e t .  The compo- 

s i t i o n s  of t h e  two garnets  were e s s e n t i a l l y  d i f f e r e n t ,  wi th in  t h e  e r r o r s  sf 

t h e  analys is .  The main d i f fe rence  from chrome-containing garnets  from dimonds  

and xeno l i t e s  of diamond-bearing p e r i d o t i t e s  was t h e  very high content o f  a 

calcium component (about 36%) [4, 6, 161. The ga rne t s  i n  t h i s  study were 

c l o s e  t o  some r a r e  forms of pyrope-uvarovites of garnets  from kimber l i tes  

[6, 231. However, they d i f f e r  from kimber l i te  garnets  i n  t h a t  they have a 

lower i r o n  content.  The composition ( i n  mol-%) of t h e  garnets  i n  t h i s  s tudy 

a r e  a s  follows: 57.1% and 58.0% pyrope, 5.8% and 5.7% almandine, 0,6% and , 

0.6% s p e s s a r i t e ,  7.0% and 6.8% grossular ,  5.9% and 6.1% andradi te ,  and 23.6% 

and 22.8% uvarovite.  Nmeas = 1.769; Ncac = 1.768 [Zl]. 



TABLE 1. CHEMICAL COMPOSITION OF MTNERALS, EXTRACTED FROM DIAMOND 
(SAMPLE NO. 59/71 

, 1 Olivine Garnets Chro.me- ncl%SiiOns- iq 1 diopsldes , Iihrome-dlopslde . . 
- 1  . .  i j 2 . :  - . . ;  

. I . ,  ' 

. . 
*.  

, . 
.:,:los . , : ,  : . . . . . .  . 
0 . , , 

F C i j .  ". . . 6,GO 
. 1  . : .. , 

S!gO . ' , 

C:iG . . 
.S.O . ,  : . 0,02" 

2\20 . . .. . . ,  ,, , . 
< '  " . 

. * 
A l l  i ron  i n  t h e  form of FeO. 

** 
Only f o r  garnets  i n  addi t ions  t o  2.0. ** * 

For garnets  - concentrat ion of calcium component. 

Chrome-diopside (Table 1, Columns 4 and 5 )  i s  characterized by t h e  
4 

p r a c t i c a l l y  complete absence of A 1  , t h e  increased value  of t h e  Cr/(CsS-84.) 

r a t i o ,  and a tendency t o  accumulate K 0 t h a t  is analogous t o  pyroxenes from 
2 

diamond-bearing e c l o t i t e s  131. The compositions of t h e  two pyroxenes w e r e  

very c lose ,  with i n s i g n i f i c a n t  d i f fe rences  i n  t h e  amounts of alumina and i r o n ,  

Fine (5-10 u) rounded deposi ts  were observed i n  t h e  i s o l a t e d  chrome- 

diopside inclus ion.  Analysis of these  depos i t s  (Table 1, Column 6 )  showed 

that they belonged t o  the 'p igeon i te  type of pyroxene, but  with a higher Ca/ 

(Ca+Mg) r a t i o  and wi th  a lower i r o n  content.  

5 



The f i r s t  quest ion t h a t  

a r i s e s  i n  i n t e r p r e t i n g  these 

r e s u l t s  i s  whether the  char- 

ac ter ized minerals in one 

diamond can be  considered t o  

be i n  an equil ibrium phase, 

The following f a c t o r s  can 

serve  t o  confirm t h e  equil ib-  

rium character  of the minerals: 

(1) t h e  presence of garnet  

and chrome-diopside concre- 

t i o n s ,  and (2) t h e  fact that 

Figure 3. Concretion of garnet  and chrome- t h e  compositions of the i so-  

diopside from a diamond i r r a d i a t e d  by 
A]Ka-radiation. 

l a t e d  inclus ions  (Columns 

2 and 4) a r e  i d e n t i c a l  t o  the 

compositions of t h e  same minerals  i n  t h e  concret ion (Columns 3 and 5 ) -  Data 

on the  composition of two garnets  (Sample 15) from one diamond and of c w s  

chromites (Sample 3) from one diamond can provide add i t iona l  confirmation [ l 7 ] ,  

Also, d a t a  obtained by us (N. V. Sobolev, new data)  gave i d e n t i c a l  compositions 

f o r  two chromic garnets  from one diamond. F i n a l l y  t h e r e  a r e  analogous d a t a  

from S. I. Futergendler (verbal  communication). 

The o r i g i n a l l y  measured very high calcium content  (36%) i s  most unusud  

f o r  garnet  i n  n a t u r a l  a s soc ia t ion  with o l i v i n e ,  a s  compared t o  11-18% f o r  a 

p e r i d o t i t e  a ssoc ia t ion  i n  t h e  presence of e n s t a t i t e  [5, 81. This peculiari . ty 

of the  garnet  makes i t  poss ib le  t o  exclude e n s t a t i t e  a s  a poss ib le  mineral i n  

t h i s  a s soc ia t ion ,  s i n c e  t h e  garnet  composition i n  equil ibrium with e n s t a t i t e ,  

f o r s t e r i t e ,  and diopside  depends very l i t t l e  on pressure  [8]. While the range 

of garnet  composition i n  t h e  paragenesis  of d iops ide - fo r s te r i t e  i s  c l o s e  to 

t h e  measured value f o r  pressures  on t h e  order  of 20 kbar, i t  increases  greatly 

I at  increased pressure  [14] t o  45% calcium at P = 45 kbar and T = 1300" C, 
I 

I 
I 



The absence of e n s t a t i t e i n  t h e  paragenesis makes i t  impossible t o  

evaluate  t h e  temperature from t h e  Ca/ (Ca+Mg) r a t i o  i n  t h e  diopside [9] .  The 

lower temperature l i m i t  can be evaluated from t h e  exis tence  of p igeoni te  

growths with an unusual composition. Experimental d a t a  [13] show t h a t ,  even 

a t  atmospheric pressure ,  such a decomposition i s  poss ib le  a t  temperatures 

under 1100°, i f  i t  is  considered i n  t h i s  case  t h a t  t h e  decomposition @an 

occur a f t e r  t h e  pressure  decreases.  The pressure  can be  evaluated t o  be 

above 40 kbar from' t h e  da ta  of MacGregor [I41 . 

Thus, i n  add i t ion  t o  t h e  two known diamond-containing assoc ia t ions  s f  

o l i v i n e  + Cr-pyrope and garnet  + omphacite, we have characterized a new, $%?rird 

type of a ssoc ia t ion  which contains diamond, and which i s  d i f f e r e n t  i n  ~ n e r a b  

composition from t h e  parageneses known i n  nature.  Currently,  it  i s  difficult 

t o  determine how widespread t h i s  a s soc ia t ion  i s  i n  t h e  s t a b i l i t y  f i e l d  of 

diamonds. However, e s t ab l i sh ing  t h i s  a s soc ia t ion  allows u s  t o  assume tha t  it 

i s  poss ib le  t o  f ind  s i n g l e  inc lus ions  of chrome-diopside i n  diamonds, and that 

these  inc lus ions  w i l l  have a high Ca/(Ca+Mg) r a t i o  (c lose  t o  0.5), analogous 

t o  most of t h e  chrome-diopside g ra ins  i n  k imber l i te  concentrate [7]. 

The increased value  of KdCr/(Cr+) f o r  garnet  and pyroxene from individ- 

u a l  inc lus ions  and a concret ion,  r e spec t ive ly  (0.52 - 0.44) agrees wish our 

preliminary conclusion [22] and wi th  MacGregor's d a t a  [15] on t h e  e f f e c t  of 

pressure  on t h e  relative inc rease  i n  C r  content  i n  coexis t ing  phases of pyrope 

I n  conclusion, w e  should remark t h a t  these  d a t a  open t h e  p o s s i b i l i t y  

f o r  a more exact  evaluat ion on t h e  preeminent d i s t r i b u t i o n  of sca t t e red  

~ o n c e n t r a t i o n s o f K ~ 0  a t  h igh pressures  i n  t h e  pyroxene phase [12]. There 

is a l s o  i n t e r e s t  i n  observing Na 0 i n  garnet .  2 
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