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DIAMONDS FROM THE COROMANDEL AREA, MINAS GERAIS, BRAZIL

FELIX V. KAM INSKY" ' , OLGA D. ZAKIIARCHENKO', GAUNA K. KHACHATRYAN' & AND REI A.
SHI RYAEVJ

ABSTRACT Over nne thousand diamonds from the Rio Sao Francisco and Rio Parnnafba basins have been comprehe nsively studied, In addition
10 cbamcrcnzation of diamond morphology and microanalysis of minera l inclusions, ultraviolet . infrared (l R) and mass-spectrometry techniques were
used to coustm iu clcnjcutn l and isotopic compositions of thesc diamo nds. The regional specificity ofdiamonds Ironubc Coromandc:1area consists of
the predomin ance of rounded rhombododccohcdm l crysta ls, the rela tive ly high proporti ons o f crys tals with brown pigmentation spots. nnd a high
proportion of crystals with marks of intensc mec hanical eros ion. Bused on Ik-cluunctcrisrics . Coroma ndcl diamon ds belong 10 the most common Group
2b, with C" + Cp = 400 to 1000 at.pprn, along with South Afr ican and Sibe rian diamonds, while their nitrogen aggregation propo rtions %N = lOON I
(N A + NlI) indicate that Coromnn dc l diam ond s be long to the tran sitiona l Group 2 wit h %No = 35 to 75 %, along wi th 'rukunn n and \fcnezuela~1
diamo nds. The sci o f'Ccromandcl diamonds show SI 'C value s varying:frum -l .5to · 11. J%c, with a pea k betwee n -3 and - 7%0, The overwhelming
majority of diamonds appear to he isotopically ' heavy'. i.c.. show SI'C > · IO%l'. 95% of the diamonds with mineral inclusions contain uttmmnfic (p.
type) incl usion s: olivine, enstatite. pyrope. chro mian spinel ami sulfides . Only two diamonds are Ectypc : they conta in omphacite inclusions. The
predomin ance of minerals of ultramafic associauon among the nunc rnl inclusions in Ccromandcl diamonds indic ates thnt thc kimberl i te magma
origi nated in an ultramafic cuviromrcnt. at approximately 150-2IX) kill depth. and diamonds arc from a homogeneous mantlesource of carbon. The
similar character of all diamonds Iromtbc Rio dn Pnun sys tem may indicate :I W il li lion provenance, alternat ively they Illay have or iginated from
sources that arc distinct hut closel y refuted to each other. The Non bcm Arc u is situated closer to the inferre d diamond pro venance rhnn the Ribcirn
do Pcixc Area. There arc probabl y some areas in Coromaudcl. where diamonds came to placer deposit s directl y from priuuu'y sc urccts ).
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INT ROD UCTIO N Th e Coroma ndc l area in the Minas
Gerais Sta te, Braz il, is know n as ' the land of the great
diamonds ' , Since the fi rst discovery of diamonds in the Ab aete
River in the lat ter part of the l Sth ce ntury, more than 30 stones
of 100 cara ts and more in weight ha ve been rec orded (Rc is
1959, Barbosa 199 1, Sv iscro 1994). It is said that thirty to forty
percent of all the wor ld 's largest d iamonds were found in the
Coromandel area. Large stones arc accompanied hy numero us
small d iam onds, hut their spatia l rclntionship sho ws no
regularity to da te. Previous stud ies of mi nera l incl usions in
diamonds from the Co romandc! area (Meyer & Sviscro 1975,
1980 . Svisc ro & Val arelli 1977 . Mit chell & Giard ini 1977 .
Sviscro 1981, 1983) have been undert aken . but no sys tematic,
comprehensive study of diamonds themselves were done.

No co mmerc ial primary diam ond deposits are known in the
area, although many co mpanies are prospec ting for diam ond ­
iferous kimbcrlitcr lampro itc pipes in the Coromandcl area .

The main objectives of this wor k were to genera te the first
comprehensive mineralogica l study of Coromandcl diam ond s
in order to identify their characteristic features, and to evaluate
the cond itions of their formation and deposit ion .

INFO RMATIO N AIIOUT SAM PLES For our study, we
used 1055 d iamonds from the Coroma nde l area purchased
from loca l miners (' gar impei ros' ). T he majority of the stones
are from the Rio Sao Fra ncisco basin, mainly from the Rio da
Pruta system, Geo grap hica lly, they were subdivided into three

gro ups:
I) - 356 d iamo nds fro m the No rthern Area (C6 rrego Sto.

Antonio, Co rrcgo Espfrito Sa nto, Greta do Pimp im and Porto
do Dinm untc);

2) - 653 d iamonds from the Ribeiro do Pcixc Area (includ­
ing C6 rrego Corgao, Co rrcgo Fundo, Ccrrcgo Imbc, Corrcgo
das Pcdras, Grota do Matheus, Greta do Barrucgo. Corrcgo da
'Japcra, Corrcgo do Lobo , Con-ego Lajinha, Ccrrcgo du Crimi­
nosa), and

3) - 13 diamonds from the Corrcgo do Sa litre area (includ­
ing C6 rrego Grotao).

Twenty diamond s arc from the Rio Abaete sys tem, and
thirteen diamonds arc from the upper reaches of the Rio Para­
nafha basin. Th c weight of diam onds ranged from 10-20 mg to
two carats. Th e diam ond numbe rs in the text and tables co nsist
o f the site num ber and the numer ical ligures of the stone at the
locality.

ANA LYTICAL M ETHODS Analytical wo rk incl uded
charac terization of diam ond morp hology and their optical and
mecha nical properties , ultrav iolet lumi nescen ce , infrared
spec troscopy, carbon iso topic co mposition, and the ident i­
ficat ion and microprobe anal ysis o f mineral inclusions . All
analytica l work except carbon isotope analys is was perform ed
at the Inst itute of Diamonds in Moscow,

T he ult raviole t (UVj- iuduccd lum inesce nce of d iamond
samples was stud ied with a ' Lusam-R' apparatus. Photo lumi-
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ncscc ncc (PL) was induce d hy a SVD- 120A merc ury-quar tz
lamp with an UFS-6 filte r.

Infrared OR) spec tra we re obtain ed using a Spccord M-80
spectrometer (Kar l Zciss , Jcna) with <I beam cond enser.
Spec tral reso lution was 6- 10 cm'. Conccntrations of A and B
nitrogen centers were calc ulated according to the IR absorption
coe fficients spec ified by Boyd et al . ( 1994, 1995). For mixed
laA B diamond ty pe, the Mcndclsson & Mi lledg e ( 1995)
method was used. Error s 0 11 the determ ined concentrations me
less than 25%,'.

Isotope analyses we re made in GEOH I, Russia with the
VARIAN-MAT-230 mass-spectrometer, with an accuracy of <
0.1%" PDB ("C/ 12C PDB = (J.()112372 ). A rter initia l prcpa­
ration . crystals of dia mond were oxidi zed to CO., using an 0 ,
flow (ci rcular sys tem, 900 "C). - -

Minera l inclusions were ex tracted from their d iamo nd-hosts
by crack ing, and analys is o f major c leme nts was carr ied out
usi ng a Ca mc bax e lectron microprobe, with an accelerat ion
voltage 15 kV, and a 15 mA bea m curren t.

MORPHOLOGY OF TI lE DIAMOND C RYSTALS
Diam ond s from the Coro mande l are a include oc tahedra,
dod cc uhcdroids and co mhinat ion -type crys ta ls. Diamond s o f
cubic hab it occur much more rare ly, and a few g lobular
diamonds (, hab s') were found in Corrcgo Sto. Antd nio, Rio du
Prata system, In all samples , dodccahcdroids predominate. 0 ­
D combination crys ta ls urc less ab undant, oc tahedra urc even
less so, and diamond s o f cubic habit arc very rare (Table J).

In our description, we used the same system as fo r diamonds
from Venezuela (Kaminsky ct al, 2000); so me new morpho­
logica l varie ties are described.

Octa hed ra l di amonds. Four gro ups of diamonds of
oc tahedral habit were distinguished based on the chara cter of
development of their gro wth features:

I. Flat-faced octahedra with sharp or slightly blunt ed edges.
Diam onds of th is group seem to be rare in the Coroma nde l
area.

2. Octahedra with stepwise lamellardevelopment of trigonal
faces.

3. Oc tahedra with po lyce ntric developm ent of crystal faces.
4 . Oc tahedra with ditrigo nal faces, Narrow curve d sur faces

arc deve loped instead o f s harp edg es and apice s in these
crys ta ls; they corres pond crysta llographiea lly to 1110J faces
(F ig. I ). Crys tals o f th is gro up preva il amon g oc tahedra l
dia mo nds.

O n average, oc tahedral d iamo nds com prise 1-15 % III

different areas but may, so metimes, be abse nt (Table I).

Dia monds of rhombodud ccuh cd ral hahit show a wide
variety o f rou nded dodccuhcdroi dal shapes, fro m perfec t
crysta ls to strongly distorted, irregul arly shaped ones. Based on
the nature o f the d istortion, they are subd ivided into the
followi ng groups:

I) Isometric, non-d istorted crys ta ls.
2) Dodeeah edroids distorted alon g the [ I IOJ ax is.

Dod ecah ed roid s showing either e longatio n or flattening (but
not both ) a long the [110] axi s are re lati vel y rare ; most
co mmon ly, bo th elongat ion and flatt ening are obse rved Oil

these crys ta ls. They have two we ll-developed . paralle l faces.
e longa ted in a direction parallel to the long d iago nal, and per ­
pend icu lar In the Iluucni ug axi s (Fig. 2).

3) Dodccahcdroids Ilurtc ncd along the [1 111 ax is. Th ese
ra ther commo nly sho w spinel-type twi ns . Th e degree of
flattening in this d irec tion varies from negligible to suffic ient
to result in pscudoditri gonal c rys ta ls.

4) Dodc ca bcdro ids e lo nga ted alon g the [ I I I] axis. T hese
crysta ls have six large laces close to the elongation ax is. These
faces form hexagonal prisms, which terminate on both sides in
hlunt trigonal pyram ids rotated 60° re lative to each other (Fig.
3).

5) Dod ecahcd roids e longat ed alon g the r 100 1axis. These
crysta ls have a di pyramidal -pri snuu ic habit (Fi g. 4) .

6 ) Dodc cahcdroid s Icntun ng complex di stort ion, i.e .
distorted along several crystallographic d irections. These cry s­
tals typically exhibit uneven development o f faces, which form
irregu lar polygon s.

"111e majority 0 1" dod ccahcdroi ds are equant, elongated along
the IIIII axis and co mplexly d istort ed (g roups I, 4 and 6).
On ly these groups have heen fou nd in the Venezuelan

Table I . Morphotog ical tvpcs ofdiasnonds i ll tlu: Coronunulcl area ( 'J(I ofstones).

Area Num ber of Octahedra Dodccu- Comhin. C ubic habit Uncertain
diamonds hcdra types

Rio Sao Francisco basin

a) Rio de Praia system

T he Northern Area 356 4 ,X 7 1.6 19,1 0 ,3 4 ,2

Ribcira do Peixe 653 6.7 61.3 16,4 0,8 14,8

Co rrcgo do Sa litre 13 7,7 6 1,S no 7,7 23, 1

IJ) Rio Abaete system

Rio Abaete 20 5,0 70,0 15,0 5,0 5,0

Rio Parana tba basin

Rio Paranaiba 13 no 76,9 23 , 1 11 0 no

Corontandel area

'1'01 '1 1 lOSS 5,9 65,2 17,2 O,X 10,9
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Figure / - Octah edron with di trigonal faces. with grooved
curved surfaces at the places ofcrystal edges. Sca le bar is I
mm .

Figure 2 - Dodecuhcdroid distorted (e!ol1gllted and jlallelledj
along the 1/ /0Jaxis. Sca le bar is / 1Il1ll.

diam onds ( Kaminsky et al, 2( 00). Crysta ls show ing other
types of distortion occ ur much more rare ly.

Dod ecahedroids, in addition to smooth- raced var ie ties ,
freque ntly show a varie ty of accessory and surface features on
thei r faces. Th ese di verse surface feat ures of diamond cry sta ls
arc contro lled by three factors: crys ta lliza tion (growth feat u­
res), sur face di ssolut ion by ox idatio n reac tion, and plasti c
deformation .

Specific growth features such as lami nations, anti-skeleton
and polycentri c textu res resul t in the formation o f some
dist inctive types o f sur face feat ures.

Diamo nd dissolution by oxidation reaction is evidenced by
c urved surfaces sho wing a varie ty of accessor y feature s.
Inten si ve d issoluti on results in the str ipping o f defect s an d
interna l struc tura l inhomoge nei ties presen t in the di am o nd
crys ta ls, and in the appcurancc o f e tch cha nne ls and pits on
crys tal surfac es,

Plasti c deformatio n is recor ded O il c rys tal sur faces hy the

Revista Brasiteirade eeooences. Volume 31, 200 1

Figure 3 - Dodecuhedroid elonga ted along the 1/// 1 ax is. Six
facesfonn hexagonal prismat the elongated axis ex it point.
Scale bar is / 111111.

Figu re 4 - Dode rahedroids elongated along the 11001 axi s.
Fourfocesfonn pri sm at elicit of the axis exit point. Scale bur
is / 11/111.

emerge nce o f glidi ng d islocati ons, which result in di stin ct
striati ons or thick ba ndi ng. C urved surfaces o r diam onds from
the Coro man dc l area exhi bit a wide range of fea tures, which
have been we l1 documented in curve d-faced di am onds from
other regions (Kaminsky et ol. 20(0). These include block-type
(Fig. 5) . dr op let-like . hackly (w ith hillocks. hy Rohinson cI al.
19H9), and shagrcc n feat ures (F ig. 6), and concentric (s hear­
like ) striations (Fig. 7).

Rhombododc cahcd ra prev ail among Coromande l diam onds;
they co mp rise 48-75% of the tota l number of diamonds at each
locut ion (TubIe I) . Smooth-faced dodccahcd roid s an d thosc
with drop let -lik e sur face features and with concentric striation
arc the most commo n; the others comprise only 1-5% of stones
at each locality,

Com blunt ion- ty pc diamonds. Amo ng them , oc tahedron +
dodecah ed ron (0-0) combination form s are pred omi nant, with
almost eve nly deve loped ( I I I) and ( 110) faces . Th ey di ller
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from octahedra with d itrigon al (1 1I) faces only in the more
pronounced deve lopment of curved surfaces. and are therefore
charac terized by very similar face morph ology. Oc tahedra l
( I I I) faces arc ditrigonal or irregularly shaped. They feature
step-like plate development ami rather co mmonly show etch
features of trigonal habit.

Apart from O-D combination crystals, a few diamonds of O~

D-C (octahedro n + dodecahedroid + cube) crysta l type were
foun d. Most commo nly, ( I I I) faces of such crystals are
smuoth; pscudorh ombododccnhcdral ( 110) surfaces show
para lle l striations, and pseudocubic ( 100) surfaces show coarse
surface features (Fig. 8).

The average prop ort ion of combination-form diamo nds in
Coromandel area is 15-20% (Tab le I),

Diamonds of cubic habit we re only found in so me of the

samples stud ied, and in very small amo unts (less than I% of
the total). They comprise cubes, cuboids, tetrahcxahedroid and
combination crystals of cube + tctrah cxahedroid type.

Cube s are co lorless or pa le yellow. se mitransparent to
opaque. Rather commonly, ( 100) cubic surfaces show a pattern
cons isting of numerous tetragon al pits (Fig. 9), and crys tal
edges arc blunted by curved tctrahcxahcdroidnl vicinal surfaces
with droplet-like or shagreen feat ures.

Cuboids are opaq ue crystals of gray to greenish-gray color.
All their ( I(0) surfaces arc curved and show shagreen features,
with sma ll areas showing drop let-like microrelief (Fig. 10).

Tetrahexahcdroids are opaque crystals o f gray to ycllowish­
gray color. T hey have a greasy luster and Iinc-granu losc to
shagree n surface feat ures (Pig. I I). Small ( 100) surfaces arc
sometimes developed at exit points o f the [I OOJ axis.

Co mbination diam onds of cubic habit arc co mbina tions 0 1"

Figure 5 - Uodecahedroid with block-type surfaces. 71,e
sill/aces are composed of distinct blocks of various sizes,
shapes and surfa ce curvatures. Blocks (Ire oriented irregularly.
Scale bar is I 111111.

Pigure 6 - Dode cah rdroid with shag reen sill/aces. The
surfaces consist ofoverlappillg, veryfine liununocks. Scale bar
is I 111111.
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Figure 7 - Dodecahrdroid with concentric striations resulting
[ rom layer- by -layer crystal groll'th around exit points of the
II1 11 ax is. Scale bar is I mm.

Figure 8 - Diamond lifO-IJ-C (octahedron + dodecahedroid +
cub e) crystal with sheaf -like striation and curved surf aces.
Scale bar is I mm.

Revista Brasileira de Geociimcias, Volume 31, 200 1
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flat-faced and curved-faced crystals, which include a cube and
a tetrahexahedro id . Mo st co mmonly, ( 100) cubic face s are
covered with numerous tetragonal pits. C urved tct rahcxa­
hcdroidal surfaces arc smooth or show small drople t- like
hummocks or shagreen surface features.

Twi ns a nd aggrega tes. The ave rage amo unt o f twins and
aggregates is low, approx imately 10% in each locati on . The
dominant twin typcs observed arc s imple (spine l-type) twi ns
with trigonal and ditrigonal shapes in the case of octahedra and
combination crys ta ls, dep end ing on thc shape of crystal faces ,
and with spherical-triangular shapes in the case of dodccah c­
droids. In addition, there arc complex , mult iple twins, of which
cycle twins of dodecahcdro ids are most abundant. Also fou nd
in the samples stud ied were paralle l and irregul ar aggrega tes
of crys tals o f various habits.

Two balasc s were found in Co rrcgo Sto. Anto nio, Rio da

Figu re 9 - Cubic crysta l with lIulllerou s tetragonal pi ts 0 11

( IOOJ/aces. Scale bar is I 111111.

Figure 10 - Cuboid opaque crystal ofg ray color; with curved
( I OO) J{lcc.l'. Sca le baris 1 111111.

Revisla Brasileira de Geociencies, Volume 31. 2001

Prata sys tem. These are perfectly spherica l, opaque stones
showing opalescent bluish-gray co loration (Fi g. 12).

The surfaces of these diam onds are di stincti vely grnnulosc
and covered with a co ntinuous pa tte rn of very fine surface
jo ints . Spalla tion surfaces high ligh t the rad ia l in ternal
struc ture of these spherica l di amonds. Numerou s, very small,
dark-colored graphite-like inclusions occ ur ncar the surface of
these diamond s.

Marks of plastic def ormation on the surfaces o f diamo nd
crys ta ls co nsist of glid ing lines, which form striations, and
coarse de form ation bands . In some cases , these bands arc
accompanied by very small ctch trigon al features. Diamond s
with plastic deformat ion bands arc re latively rare , accounting
fo r around 9% of the total number of diam onds.

Oxidative dissolution o f diamond surfaces result s in thc
forma tio n o f et ch channels and vugs. Most common ly, e tch
channels are developed alo ng zo nes o f weakness, such as

Figure II - Tetrahexahedroidal opaque equidisnension at
crystal a/yellowish-gray color: Scale bar is I mill.

Figure 12 - Opaque balosfrotn Corres o Sto. AI/t(jnio, Rio da
Prato sys tem. Sca le bar is I f111ll .
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joints, c leavages and g liding pla nes. Th e channe ls vary in
shape (stra ight, curved, zig-zag), in wid th (from thin c racks to
broad vugs), in leng th. and in abundance (from sing le to
numerou s channe ls) .

MECHAN ICAL EROSION OF DI AMOND CR YSTALS
Among the di amonds stud ied , both c rysta ls, lacking any
ev idence of mechan ica l eros ion, and crystals show ing various
types and intensi ties of mechanical erosion features were
observed . Diamond s lacking ev ide nce of mechan ical erosio n
and those showi ng o nly superfici a l fissures wit hout an y
' impact marks' (see below) we re found in min or proport ions
(usua lly fro m 5% to 30 %). Diamon ds with signi fican t
mechanical ero sion co mp rise more than 50% o f stoncs in all
locations (Table 2) .

There a re two types of mech anical e rosion ob served on
Coroma ndc l d iam ond s : those ca used by the a lluvial-ty pe
transportat ion, and those which appeared in the coa sta l-mari ne
environment and arc cha rac te ristic of diamond s from ancient
sed imentary rocks ( ' inte rmediatc coll ectors ' ).

In alluvial deposits , diamonds show ing marks o f mechani ­
ca l eros ion occ ur alon gsid e d iamond crys ta ls showi ng 11 0

ev ide nce of eros ion. In the ini tial s tages of mechanical erosion ,
indi vidual superficial join ts develop on crys tal surfaces. Most
co mmo nly, these joints de ve lop in the proximi ty o f, und per­
pcndicula r to the edges of the crystal (Fig . 13A), Other feat ures
assoc iated with mech ani ca l erosion o f thi s typ e co ns ist
predomi nant ly of fresh, shiny spallation sur faces with sharp
edges (Fig. 13B). The nature o f these surfaces ranges from very
fine- to med ium -sized spa llation pits on the edges of com plc­
tc crys tals, to sharp -edg ed spall ation sur faces bindin g c rys ta l
fragments on all sides. Spa llation surfaces are typicall y free of
any obvious erosion mark, exc ept for brok en or crumbly edges
whe re these arc thi n and sharp.

T"b1e 2 - Mechanical erosional marks O il Coronunuiel
diamonds (% ofstones).
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T hc majority o f diamonds /1'0111 coastal-marine placer s
show significant evid ence o f mechanical eros ion suc h as
spallatio n pits, crescent-s ha ped and ann ula r fissur es , blunt ed
and rou nded crysta l edges and ap ices, mechanica l abrasion
marks, and rhombic networks o f ve ry fine fissures (Fig. 14).

Experime nts have show n suc h eros ion marks to develo p
only under cond itions correspond ing to a co as ta l-mari ne
env ironme nt (D yakov & Bartoshinsky 196 1), T he mo st
intensely eroded d iamo nds undergo superfic ia l spa lla tion, and
the ir c rys ta l edges arc destroyed , Th e result ing gra ins are
glob ular in shape and have a du ll, rough surface.
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Most typically, mechanica l erosion marks on Coromandc !
d iamond surfaces consist o f d iscre te to numerous fissu res (so­
ca lled ' impac t mark s' ), which are cresc ent-shaped or annular,
and which contro l surface re lief to varia ble ex tents (rig. 14A ).
In addition, many diamonds show di amond -sh aped patte rns 0 11

( 110) sur faces (Fig. 14 B) o r peculiar, irregul ar patt ern s 011

( I I I) faces . Th ese patterns co ns ist o f networks of ver y fine
fissures. Nei the r di am ond s wi th sig nificantly mec hani ca lly
hlunted ed ges and apice s, nor glo bular diamond gra ins were
found in the co llectio n stud ied.

\Vithin the Rio da Prata system, placers of Areas 'N and the
Rib eira do Pcixe Arca appear to he of a ' mixed ' ori gin . It is
likely that , in addi tion to the re-de posi tion of material deriv ed
from old inte rmediate co llector(s) o f pro bable coasta l-marine
or igin, they were formed partl y as a result of the direct supply
o f diam onds from prim ary source(s), as ev idenced by the
d istri bution and nature of mechan ical erosion feat ures in these
d iamo nds. T he abse nce of marks o f intense erosio n, such as
mechan ically-induced blunting o r c rystal edges and ap ices, or
of globular d iamonds indica te tha t the di am onds stud ied
probabl y resided in the coastal -marine en vironment for on ly a
rel ative ly short period o f time. as they pa ssed throu gh the
inte rmediate collec tor.

The di stribut io n o f di amon ds based on the charac ter of
mechanically induced e ros iona l features is present ed in Tab le
2, Sa mples fro m the No rthern Area and the Ribc ira do Pc!xc
Area are domi nated by di am ond s showing evidence 01"
mecha nica l e ros ion, with a grea te r predom inan ce 01" these
gra ins in T he Ribcira do Peixe Area than in the Northern Area,
This mean s that the relati ve contributions o f the two types 01"
so urces (inte rmedia te co llec tor and direct transport From the
pr imary source ) into the place r deposi ts are different for the
No rthe rn Area and the Ribei ra do Pci xc Area : the No rthern
ArCH shows a higher proportion of d irectly transported materia l
than the Rihe ira do Peixc Area.

In one o r the local ities from the Nor thern Area , not a single
d iam ond shows marks o f mech anical e ros io n. Th is sugges ts
that these diamonds were tran sported under fluvial con d itions
d irec tly from thei r primary so urce. The re me probabl y othe r
areas in Coroman dc l, where diamond s conic to place r dep osits
directly from primary source(s).

DIAMOND CO LO R AND TRANS I'ARENCY The
majority of di amon ds fro m the Rio da Prat a system arc
color less. Among co lore d diam onds arc ye llow, green. bro wn.
smoky-brown, pi nk and gray gra ins (Table 3).

T he smo ky- brown co lor of man y diamo nds resu lts from
plastic defor mation, whi le grey color is cau sed by the presence
of num erous black grap hi te- like inclu sions (Orlov 1987). Lo­
ca l gree n and brown co loratio n is du e to pigmentat ion spots on
diamond surfaces. These spots are typically isolated and do not
a ffec t the o vera ll co lo ratio n o f a crystal. In ra re ca ses, these
spots occ ur in clu sters.

In the majority o f Coromande l di am ond s, di amo nds with
hrown pigm entati on spo ts ar e abun dant, and there arc
occurrences o f c rys tals wi th a uniform brown co lora tion . In
contrast, in placer s of othe r regions, bro wn-colored diamonds
occ ur very rarely (on ly a fe w crystals with brow n, or brown and
grec n pig menta tio n spo ts are typ icall y found in othe r So uth
American place r deposits (Ka minsky et al. 2000, 2()()J».

A comparison o f the di st ribution o f di amond s by color ill
sam ples from the Northern Area and the Ribei ra do Pcixc Area
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Figure / 3 . Alluviu l erosion marks OI l rtunnbododrcahrdm t dimnonds: A - disc rete, perpendicu lar to edges surface j oints, IJ ­
blunted edges (///(1( I spotted[ragntent, Scale bar is / 1//111.

Figure / 4 - Coastul-ntarinc erosion marks Oil rhombododeca tmlrat diamonds: A -s targe crescent-s baned surface joints, /i -
rhombic stufoce pattern. Scull' bar is / 1111 /1.

Table 3 - Colonnion of Corotnandol diamonds (% ofstones}.

Area Numbe r of Colorless Smoky Grey Green Brown Ydlow with green with brown
diamonds brow n pigm,spot s pigm.spOls

Rio Siio Francisco basin

(/) Rio de Prutu ,\·.n/em

The Northern Area :156 47. 1 15.2 19.1 1:1.2 2.0 3.4 49,7 10.9

Ribciru do Peixc 653 60.0 25.2 5.4 3,4 o.s 5.2 27.6 11 .2

Ccrrcgc do Salitre 1:1 69.2 15.4 IS.4 no llO llO 15.4 6,9

IJ) Rio Abaete sysran

Rio Abaete 2n 50.0 :In.n IS,n s.o no is.o :l5,n 2n.n

Uio t 'aranatba basin

Rio Pamn afba 1:1 2:1. 1 46. 1 7.7 23 ,1 no flO xo.s 2:1. 1

Com mandet are«

TUlal In55 54.S 22,1 In.4 z.o 1.4 4.:1 34 ,9 11 .2

shows that the Nor thern Area is characterized hy re latively low
propor tions of green and bro wn d iamon ds and, in ge nera l,
re lat ive ly high prop ort ion s o f smo ky-brown and colorless
crys ta ls, The proporti on o f di amonds with gree n pigment at ion
spots in samples from the Nor the rn Area is much higher than

Revista Brasiteira de c eoaencee;Volume 3 1, 200 1

in those from the Ri he ira do Pcixc Area. Sm o ky-hrown
diamond s (c rysta ls with plastic deforma tion) prevail in samples
from the Rio Abae te sys tem and the Rio Paran afba basin ,

T he majority o f Coromaudc l di amond s are se mi-transpare nt
(45-92%) ('nlhlc 4),
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the samples, d iam onds we re found, which show spatia lly
inhomoge neous luminescence (predo m ina ntly, blue + yellow).
T here is no cor re lation between diamond morph o logy and
luminescence characteris tics .

Co mpariso n of the lum inesce nce properti es of di am o nds
from the No rthern Area and the Ribc ira do Peixe Area reveals
that the No rthe rn Area has H lower pro porti on o f d iamo nds,
which do not lumi nesce , high er ab und an ces of c rys tals with
ye llow or uncertain luminescence , and approximately the sumo
prop ort ion o f di am onds with blu e , green or uncertain
Ium incsccn cc.

Samples fro m C6rrego do Sa litre , fro m the Rio Abaete
sys tem and fro m the Ri o Paranatba basin arc dominated by
diam ond s with blue luminescence ,

Diamond d istr ibutio ns based on transparen cy in sa mples
fro m the No rthe rn Area arc sim ilar to those in sam ples fro m
the Ribcira do Pei xe Ar ea, a lthough the No rthern Arca has a
lower re lative ab undance s of vcry tran sparent, se m i­
transparent and non-tra nsparent s tones and higher re lative
ab undances o f tran sparent di am onds. In addition , the
comb ined total num ber of tran sparent and very tran sparent
d iamonds in samples fro m the Northern Area is higher tha n
that for the Rihc ira do Pcixc Area.

In samp les from Co rrcgo do Salitre , from the Ri o Abaete
systcm and from the Rio Pnran ufba basin, se m i-transparent
diamonds tend 10 prevail.

D1AMOND PIIOTOLUMINESCEN CE The majority or
d iam o nds show bl ue , gree n or uncert ai n ph oto lum inescen ce
(PL). Diamo nds, which show ye llow PL, arc so mewha t rarer
(Table 5). Ma ny d iamo nds show no lum inescence. In some of

INFRARED
IMPURITIE S

SPECT ROSCO PY AND NIT IW GEN
Struc tura l im pu ri ties in natural di amo nd

Table 4 . Transparency ofCoromande l diamonds (% ofstones).

Area Number Very Transparent Semi- Non-

of d iamo nds tran spurcnt tra nsparent t ran sparen t

Rio Suo Francisco basin

a) Rio de Prato system

The Northe rn Are a 356 6,2 30 ,3 46,6 16,9

Ribcira do Peixc 65 3 9,2 27,7 58,2 4,9

Corrcgo do Sal itre 13 7,7 no 92 ,3 no

b) Rio Abaete system

Rio Abaete 20 5,0 10 ,0 45 ,0 40,0

Rio Paranaiba basin

Rio Par an afha 13 no 7,7 84,6 7,7

Coromandel area

Total 1055 7,9 27, 8 54 ,8 9,5

Table 5 . Photoluminescenc e of Com mandet diamonds (% ofstones).

A rCH Number or No n- Blue Green Yellow Uncerta in Inh omo-

dia monds fl uorescent ge neo us

Rio Siio Francisco basin

aJ Rio de Pra to system

Th e Nor the rn Area 356 16,3 33 ,7 18,8 6,2 14, 6 10,4

Ribei ra do Pcixc 653 22,7 32,3 18,0 3,8 17 ,5 5,7

Corrcgo do Salitre 13 23, 1 38,4 30,8 7,7 no no

b) Rio Abaete system

Rio Abaete 20 15,0 50, 0 15,0 no 10,0 10,0

Rio Paranaiba basin

Rio Par an afha 13 23 , 1 53,8 23 , 1 no no no

Coromandel area

Tota l lOSS 20 ,4 33 ,5 18,6 4,4 15,9 7,2
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re flec t the co nditions o f formati on and mantle resi de nce of
d iamond s and may be used as a ' finge rprinti ng ' too l
(K am insky et al. 19HH). More tha n twen ty types o r nitroge n
impurities occu r in di am onds, as we ll as hydrogen and boro n
imp urities. In this work we used infrared (lR ) spec troscopy to
estimate the concentra tio ns of two maj or ni trogen impuri ty
types: the A-nitroge n ce ntre , wh ich is a pa ir of nitrogen atoms
joi ntly rep lacin g a sing le carbon ato m (Davies 1976), and thc
Bvdcfect. which is an aggre ga te of nitrogen atom s
retrah cdri cally arra nged aro und a carbon vacancy (Burs i!l &
Gla ishcr 1985). We have ana lyzed 130 di amonds from four
diffe re nt area s w ithin the Rio da Pra ia system: Corrcgo
Espiritu Sa nto (Sample #3) and Greta do Pimpim (Sample #5)
in the Nort hern Area, C6rrcgo lmbc (Sample #6) and Co rrcgo
da Criminosa (Sample #1 1) in the Ribeira do Peixe Area (Table
6).

All the diamonds studied be lo ng 10 the transi tional laAB
type , whe re the A- and B-n itrogen ce ntres (' de fec ts') occur
toget he r. In ge ne ra l, in Coroman dc ! diamonds, Bvccntcr is
more abundant than A-ccnler, a lthough in some d iamonds the
op posite is true. In addi tio n, a fe w low-nitrogen diamonds were
found in samples #3, #6 and # I I. But in gen e ra l, the
abunda nce of A-type center vari es only slightly (50-300
.u.ppm). In most diamonds stud ied , ab undances of B-typc
center show a simil ar va riab ility, a ltho ug h its conce ntration
( 100-400 at .ppm) is higher tha n the concentra tion of A-type
imp urity,

C omparing to other diam onds wor ldw ide , Coromandcl
d iamo nds bel ong to the most commo n type based on thei r
nitroge n impu rities. By the tota l nitrogen content, they are in
Group 2h wit h N

A
+ N~ = 400 to 1000 at.ppm, together wit h

South Afri ca n and Siberia n diamo nds . By the ni tro gen
aggregat ion propor tion %N

B
= lOON /(NA + N),), Coromande l

diamonds be long 10 the transit ional Gro up 2 with %N
l l

= 35 to
75%, together with Yaku tiun and Venezue lan diamonds
(Kaminsky & Khac butryu n 2( 0 1). l3y ho th pa ram eters,
Coromnndc l di am onds d iffer greatly from Ju inn d iamonds in
Mute G rosso State, Braz il, which are low-nitrogen, high ly
nit rogen aggrega ted d iamonds ( Kaminsky et al. 200 I).

Diamond s from all samples show a number of similarities
(Fig ure 15). In a ll the fou r a rea s stud ied. dia mo nds with a
va lue o f NA = 130-240 at.ppm and Nil = 265-2 HO arc
predomi nant. However , the re arc d is tinc tions between the
different dia mond se ts. Diamo nds fro m Cdrrcgo Imbc have the
lowest NA val ue (mode a t 130 a r.ppm. agai nst 20()-230 at.ppm
in di am onds from the No rthe rn Area) . Diam onds from
Corrcgo da Cr im ino sa (Sample # J I) show bimodal dis tribu­
tion s o f nitrogen in both A- and Il-forms . Th ey have major
peak s and minor, low-nitrogen ones : a t 240 ppm for A-typc
and at 250 ppm Ior l3-type impurities, and at H5 and at HO ppm
respect ivel y. T his po int s to a probabl e . add itio na l prima ry
so urce(s) or d iamo nds in the No rthe rn Area , where low­
nitrogen crys ta ls are predom inan t.

CA RBON ISOT O P IC C O M POS ITI ON O F DIAMOND S
A total of 70 diamonds from Rio da Pruta system we re
an alyze d for carbon isotop e composition. Thirty-six of these
d iamonds were from samples from the No rthern Area , and the
rema ining thirty- four crys ta ls ana lyze d were fro m the Ribclrn
do Peixe Area (Tab le 7) .

Th e set of Co romandcl diamonds shows oPe values vary ing
fro m - 1.5 to - 11.1%(1, with a peak bet ween -3 and -7%(). T he

Revista Brasifeira de Geocienctee, Volume 31, 2001

Tabl e 6 N i trogen imp ur i t ies i n Coromandel diamonds
[ut.pptn].

Are a. Parameter A. ppm B. ppm Total % B

Ctkrego EJpfr;lo Santo. C(irrego Charco ct at. (11 _ 32 )

Average 269 35t 618 57
M(xle 200 280 570 45
Standard deviation t4t 242 319 t4
From 17 26 43 30
To 681 1052 1590 83
Grow do Pilllpim (1/ = 34 )

Average 234 277 508 54
Mode 230 270 520 55
Stan dar d deviat ion t55 t53 266 II
From 43 57 ItS) 30
To 747 812 I t55 83
Ctirrego Imbc (II = 32)

Average 257 357 6 14 58
Mode t30 270 550 55
Standard deviat ion 237 189 384 t4
From 5 29 34 35
To I t26 792 19 18 92
Ctir,.ego da Criminosa. all diamonds (11 = 32)

Average 206 280 486 58
Mode 280 550 55

Standard deviation t27 t76 290 10
From 5 17 22 47
To 485 929 t31 4 80
Ct;,.,.('go da Criminosa. lI/a ;1I max imum (II = 2 1)

Average 279 357 635 55
M(xle 240 250 550 55
Standard deviation 86 162 23t 6
Fro m t51 154 305 47
To 485 929 t314 70
C(I/TC'go da Crinnnoso. add;liol/(/( niax innnn (II = JI)
i\ vcrngc (,2 130 192 6X

Mtxle 85 80 t45 75
Standard deviation 37 82 t i l I t
From 5 t7 22 52
To 125 282 407 80

ove rw he lm ing majori ty of diamo nds appeared 10 he
iso topica lly 'heavy' , i.c ., show 8 1 ~C > - 10%0, In this resp ec t
Coromandc l d iamo nds arc sim ilar to diamond s from the Juin u
area, MaIO Grosso , Braz il ( Kam ins ky et al, 20(1) .

O nly the two d iamonds from Porto do Diumuntc (the
Nort hern Area , Rio do Prata sys tem) appear to he iso topicall y
' light' , wit h svc va lue s o r - I0.6%0and - 11.1%0. One of them
(# 1-2) co ntains an incl usion of omphac itc , i.c., a c linopyroxene
of ec log itic suite . A ll the diam onds wi th ultram afi c mine ral
inc lusions (sec be low ) are isotopically ' heavy' ,

Amo ng the d iamon ds analyzed for oDe we re oc tuhcdrn .
dodccah cdroids and com bination c rys ta ls. T here appea rs to he
no corre lation be tween diamond mor phology an d carbo II

isotopic co mpos ition.

MINERAL IN C LUSIONS IN DI AMONDS Sy ngenetic
mine ral inc lus ions in na tural d iamonds wo rldw ide fa ll into
three main pa ragenet ic suites : the peridot itic suite (UM- or P­
type ), the ec log itie suite (Ii-typc) and the supcrdccp suite (SD­
type ), re presen ting d iamonds de rived fro m the lower mantle
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Table 7 - Carbon isotope COIIIJ)(Hitioli of Coromandel diamonds.

Dinmond M""llh"h '~r ? "c. ~1l ~ , I 'DIJ M i n~...;ol i ,,,, l lI ~ i "ll Di ~n "~I.1 " 1'~ I,h,~ ,'FY ? I'e.~,, ~ , I'DII ~l"'c'ra l i"du,i,",

rill' N",.II,,.,,,tl rt'u l' h" HiIJ,.ir ll ,I" j',' ;:u Aff ' II

1-2 o.l<1..-.:ah~-dn ,id -Wl. "1U1·h""i ,.:
(,.41 Iltd,-c"h.·tI..,.iJ -u " Iil' inc

1_,1 Dod-.:ah~'lJrujd .u.e (,·42 Dt..x\",I..,tlmid -_l ,X "I i~'i ne

2·7 Dod....·a t...... ruid -(' •.1 "Ih·illl.'
(,--I') Dtd.....-allt'tJm;'J ·4.11 "Ii~ine

2·K Twin uf ,...·,;lhcdra _.1.2 ~' hn ~llih:
l'>-511 (:It..xl-,,h,,lru itl .s.o

2·') o. llk c;lh.:dll lid ·7 ,4
(,· j2 Dt>l!c cahc, lw id .(i, '1 " Iiv;nc

2· W Dod..-':'Ihn ln ;id · c.,X
(,. ~ .1 (' " mhinalillil (h I) · 3.3

2· 11 Do. >l!c-':<lhcdn'id -.'U
(.-5.$ O Mu hil1" ,i"" O+D ·45 ,;li\"ine + c'n~l " , ile

2·1 2 o. d '\:ahcoJmid -4.11
(,. j :'i Dtd.',: ;lhcdn,it1 -.$.2 " lil'inc

3· 17 ("Mnhil1ali' ~1 O+D
(..5t> 0I.1ah•.'tJnMl · 3.11....' l'>- :'i7 OMnoi,I;II;"11 O-tU -5•.1

H n T wi n uf ,)l;I<l hcdra ·(,.2
(.. 5X D,..k c"h., lru id ·(,5

.1· 4·1 Dodccahcdroid . (,.(,
(, . •~ l) Ag~rc g ;ll': "I' ,)l;l;lI,cdl a - ~ ..1 " Iil' illc (,woj

3-45 o...k-.:.,hcdrn id · 5,4 chronnrc
(.-(~I O,..J .-.:~h '''' l"id ·4 .U " Iivinc

3· -1 (, V...k.'\:ah c'tJmid -5.0 "ti~'ine (,. /it (It ............I'''tJ...;,..r ·(••3 "hl'inc
.1--1 7 o..1..h.'tJml1 -x.v ..1i ~·;I'" -t 1' )'"< '1"-' (" ('.' T""n .........o.k.-.:a llt'tJmilh · 5.11 ..Ii\·;,,,-,U,,,,,)
.\-I O"dcca IIt,I....id -1." to·M O"d cc"h~,'rt>;,..r ·(·5 "Ii~·in.:

.'i· X <kl;lh.:dro'n -5.') ch ...anirc (;·(,7 (), llk c·"h., I..uid . -1 ,\1
5· IX D'll lc",;.lIc', I,,, id . .1.7 f.· M\ D,~kc"h ,", l n ,id .(,..1
5·(,! C.'lI1 hin;di , ~ . O...U...K ·5.1 1 ' >1t ~ "" ( IWU) (; .(,l) Twi" " f d......."'"h."',., .i.. ., . 7,5 " Iivinc
.'i. (•.l l lt...........·;,h... lrtlid -2.') . " Ilide (,· 711 (lclah~'tJn., ·5. 1 cn, I" lIlt.'
5·('" l:ltoJ..-.:;;h....Io ,oid -1.5 to· 71 1 :lt ~It...."'h..'tI."kl . 4..'

.~ ·7U o..d-.:"h"lruid .an . d,vlllc (;·72 Twin ,~' d......"'" h........oi.. , -II.!

5 ·7 1 D... ....-.:" I,.·.I",iol --I.') (,.7.' o.." Ic",,,h., Ir.,i.1 -o.n
.<; ·72 ('l lI n hj n ;l li' ~1 0 ...0 ·(,.0 1I1i1,it;.: ... .:II.•1;'lllc' (,·7·1 T\\'ill "r d'llk,' "h,'dw ;d, .:;.! ""'I'"II"
5-B l.:lt ..k c ah.:<ll'l,id ·(.A (,·74;; (\ . u hin" ,i"" O...U - .\ , ~

5 ·74 Dld ....·a h.'tJrnid -4)( (,·7to A~!,re~;[,c "r ' >o:,;,hc'tJ"" -3. 1 . lIlli. k

5-7.'i (.:ltd -.:"h' '1lrooid ·.1.1 (.. 77 C.-nhin;!li,., o-n ·.\. 1 ,~nflhaci lc

j ·7{; ('''ll1hi ll;oli '~l 0 ...0 ·.1A (••1l( C'.llhin~l i' ~1 0 ...0 -~ .7 "hl';nc

:'i·77 C" l1\l>i ' ''' l;," , 0 +1> -7,X (,·7'1 DIll.It-.:..h..,I ",i" .4 .2

:'i-7 K C" lllhillali'Ml 0+D -v.o (,·xn I l , ~k<' ilh ,', I H ; i d · 2.') olivine

5-7'1 C"",hill ;oli , ~, 0 ...1> •.1•.1 (,·XI Twin " r .t.><....-.:"hc't lr"id., ·4,2 " Iivinc

:'i.xtl !:It......-.:..h,'tJ,, oid -7,5
,., O"oJ..x-;> I..'1ln oi,j ·7.X

.:'i· 1I1 l:ltd-':<lh~"'n >id -:'i,"
,.,,, !:It. It....'''Ilt, I,.>iI! -7,n

.~. x., C"l11hi ll"li,~, o-n ·2.7 " Iivillc'
11I· 1 Twill " ( .." M,, I>. -I)"I"-' 0 ...0 · 115

5· X,1 Ilt...k-':.lhc·dll iid · ~ .O " Ii vine
11· 1 a,:L;lh~'1I"'Ml · K.X

5· K5 I)" ,k -.:a hc·d ,,, id -f. .X
11· .11 O,:",h ...lr,," , ( , .1)

11· ,12 (" Mn hi", lIi"n O+ U . tx 1')"....pc ...",hn M"ilc
:'i-X7 !It ><k....·;Ihc\I,, ,id ·tol, cusuuitc

11·3.1 C. . nhin..li"n 0 ...1> · 5,4

11· 34 1 ), ~It",,, ".,I... ill .r,n "Jj I'i, lC

I I •.W C.Mno;n;oliu"O...f) -4, (,

and transition zonc. These thre e para gcnc tic suite s corre spond
( 0 fundamen tal ly different types o f geoc hemica l enviro nme nt
during di amond growth (Meycr 19&2, Harle & Harri s 1994 ).

Results o r studies or inclusion s in Brazi lian di amond s have
hee n previous ly report ed in Mcyer & Svi scro ( 197 5, 19&0 ).
Svi sero & Valare lli ( 1977), M itchell & Giard ini ( 1977), and
Svisero ( 198 1, 1983). It was established, that P-type inclusions
me predom inant among Brazilian d iamonds. alth ough SOIllC E­
type inclusions arc present as we ll (Mi tchell & G iard ini 1977 ).

\Ve have found and ana lyzed 50 high -pressure min era l
inclusions in 42 Cororna ndc l d iamond s. 95 % of the diamonds
with inclusions be long 10 the ultramafic assoc iat ion (Pvtypc):
the other 5% (two diamond s with omphacitc inclusions) are o r
the ec logitic suite .

Iligh·pI'CSSUI·C minora! inclusions or ultrumafle
ussocluticu (Pvty pe) found in the samples studie d inclu de
olivine, ortho pyro xene , pyrop c garn e t, chro miun spine l. and
sulfide.

Oli vine is the most common m incral inclusion in the
Coromandc l d iam o nds. A tot a l o f 29 o livine incl usions were
found and ana lyzed ; they are all ve ry s imilar in thei r
composition (Table X). Th e Iors tcrit c component in these
inclusions varies from 92 to 95 %, Cr

2
0 .1 va ries between 0 .02
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ami 0. 18%, and NiO varies from 0.2 1 to 0.50 %. In this respect ,
o livine incl usions trom the Coron umdct d iamonds are similar
in compos itio n 10 those fro m pre viously stud ied Bruzili un
diamonds (Meye r & S visc ro 19 80, Sv ise ro 19&3), as wel l as to
olivine inclu sions in d iam onds from othe r regions,

Orth opyroxen e. Seven ens tatite inc lusion s were ana lyzcd .
T hey show a similar com positio n. wi th re lative ly lo w
proport ions or CaO and Cr,o, ad mi xtures Cfable 8) .

Chnnne-pvrope garnet, 110 0r chromc- pyrope inc lusion s
were ana lyzed . All o f the m are subca lc ie ga rnets o r
harzburgi tc-dunitc associatio n. Such garnets are know n to he
the domi nant garnet type umong Mg- rich pyrope incl usions in
di amond s from numerous deposi ts ..u-ou nd the wor ld (So bolev
1977). A ll four garne ts ana lyzed co nsist o r a high-Cr.
knorri ngit e-beari ng pyro pc varie ty (Cr20~ : 5.4 - 10. 3 wl.%)
with re latively low iro n (r eO: 10-13 %) and CaO (Tab le 8).

Chrotniunsp inel (chromitc) , Six chrom ian spinel inclusions
were ana lyzed (Tab le 9).

In these inclu sions, Cr20 1 co ntents vary be twee n 64.3 and
65 .0%, and AI,O l co ntents va ry from 6 .41 to 7.86%. wh ich is
typical o f chroni ian spine l inclu sion s in d iamo nds from iI

majority o r diamo nd deposits wor ldwide. In the AI,0'1-C L,O \
distribu tio n, three chrom ian spin els rail wl tlli n "ihc
compos itiona l Field representing the majority of chrom ian

Revista Brasileira de Geocience s, Volume 31•2001



Felix V. Kaminsky et a/.

Table 8 - Chemical composition of silicate mineral inclusions ill COIVI1I(lIulel diamonds ( IV/ . %).

S~I1lI)l o: s.o, no , AI10 l Cr10 l FeO NiO MnO M gO C~O Nal0 K,O Total

(JUd I/ I'

2·7 4 1.% () ,(J~ b,OX OJ6 0.1.\ :i I,49 0,02 99,74
,l-,HJ 42,09 0.05 (I ,J I n,n 0.08 5 1.14 O,oJ 99.95
J· 47 • 42,(19 0,07 (i,4) 0,50 0,0) 50.74 O.O .l CJ9 .93
)'04 -1 1.05 0.10 6.67 0.22 O,Oj j 1.10 0,01 tJ\I.tJl
5·70 -II5S 0,09 6,88 0.16 O,ltJ 5 l,16 0.02 10U,lJS
j ·72 ~ J,KO 0.02 6.75 OJX 0,11 50,59 0.04 99,70
j·83 42.02 0.02 7.29 0.00 0.29 50.05 0.06 99,73

5· K4 42.20 0.06 1.21 0,.11 0.06 49.96 0,04 99.91
6..n 41.25 0,07 5.97 0.25 0.11 52J I O.OJ 99.99
6-42 4 r.; 7 0.08 7.12 OAO O.U 50.1S 0.06 99.54
6· -19 4 J,69 O.11l 6,90 OJ 4 O,n7 50.7K 0,01 99.99
6-51 4 I,K9 (Ull 6,O X OJ 9 om 5 1A9 O,OJ 99.90
(,·54 • 42,07 O.OK 5,99 0,2 1 0.12 5 1,49 0.00 99.96
6·55 41.9 1 tl ,tl ,~ fiJ tJ OJ2 0.[ I 5 1.14 0.02 99.94

6·\9111 41.84 0.11 6.59 11 .27 0.16 111.67 0.00 \19.64
6·51)(2) 41.81 0.12 7.28 0,:1 0 11 .07 50,20 0,03 9" .81
6·60 -1 1,11 0.01 6" j OJ5 0,21 5 1.01 11.04 99,9~

(,-61 ~ l ,lI-I 11 .13 fI.22 t1 ,J0 0 ,11 50,H 0.0 1 99,26

(l·fl31I I -12 .05 lUIS 5, 14 lU I) 0.00 52J 4 1I ,lIJ 99.94
(d,:i(2 1 ,1 1.63 {l,O N 1.87 (IJ (J 0.10 51.95 0,0 1 91},94

6·(j4 ,j2,2lJ (l,OX 5'; :1 /).23 (I,Uo 5 l,K7 0,02 IOIl,1I 9

6-65 4 1,75 0,03 7.J0 OA 9 D,I I 50,60 0,02 100, 1()

(l·bl) -1 I,95 o,J(J 6,62 0 ,24 o.i . 50.4'} o.o: 9'1.5 ,[

(,-n 4 1,1)7 OJ)2 5J 4 oJ J 0,00 52.22 lI,nJ (1) .K I)

{1 ·1l 0 .:I l,H fl.04 1.> .1)1 OJ2 lUll 5f152 n.n I I)t,I ,ll.:l

6·81 .n ,21 11 .06 5.'1 4 0.26 0.01 5 1.42 tI.ll l 99,95

7-2 " 2.14 0.04 5.11 lIJl 0.10 51.11 0,0.1 99.95

11·34 " 2.16 11 . 111 6.1s 0.13 0.17 511.68 0 .02 9,} .6~

16-1 • 4 1.74 0.08 6,70 039 0.01 50.67 0.04 99,67

Ell s/ati l t

5·12 18.7I O.lIJ O,5U 11 .25 ,l,6 5 11 .11 :16.25 OJ7 11 .00 11 .110 99,1l9

5· ll7 5K.47 n.c z 0,47 0.26 ,U5 0,15 .1 65 1 OJ7 11 .1(I 0,112 ( 1) ,92

6·54 • 5ll.0K O,O() 11.4 7 ()JK 4,J.) o.os ,l5,SO 0,70 0.011 O,O(J l)9,S6

6·70 5S,51 0.011 0.65 0,26 3,79 O,Oj 36,36 OJ I 11,011 11 .110 (1) ,1).1

6·7 I IK.IIII 11 .00 1.21 0/ )5 3,60 n. u )) ,1)5 OJ J 0.10 0,04 911,911

6·74 57,lI5 0.04 1. 11 0.64 J.I.>K 0.05 36,19 0,.10 0.01 11 .1111 99.97

Ib-l • 57,77 0.00 1.11 11.66 -I.Oll 11 .1111 .16.02 OJ3 0.00 11 .11 3 111 11 .110

Oill pl/arilt

I -~ 55.97 0.72 lUI 0.02 6.18 0.110 'U O 13,9 1 4.6S 0.62 99.91

6·17 5f1 .IlS 0.69 I O.9b 0.111 5.00 0,04 !UJ 12.75 5.33 0,62 I)IJ ,lIlJ

/' ,l'ropt C Orl/ i(

,\ ..J7 • 42,H 0,1 1 16,15 s.so -I,S~ 0,16 24.S4 2.17 'PJ,I)O

, -621I) -1 I,94 11 .1S 15,.13 IfJ J Il 5J 3 0,2(, 2U 4 .J.71 99.1l 9

5·62 (2) 4l .11 D,on 18.n 5J9 5,6 1 0.24 25.42 0,91 lJ9 ,90

11 · ,'2 4 1,91 (J .l1 15,11 9,lW 5,1}l 0.27 2 1.79 .:I ,lHl 1) IJ ,71

;\(110:: (I Associat ed with other mineral inctusiontsj

spinel inclusions in dia mo nds from a number of other regions
elsewhere in the world, wherea s other th ree chro mian spinel
inclusions are c harac terized by a slightly higher A1203.

Two sulfides were also foun d included in diamonds , Based
on their compos itions, in particular their high Ni content, they
are interpreted to he sulfides o r ult ramafic affinity (Table 10).
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High-pressure mineral inclusions ofeclogitic association
(E-type) arc represented by cli nopyroxene (omphacitc).

Oniplutcite, Two omphacitc incl usions were round in the
d iamonds stud ied , In these omphacitcs, Na,O co ntents vary
from 4.7 105.3%, and K, O is re lati vely tow (0.62%) (Table X).
T he chemical compositio n o r thc two grains is similar to the
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compos itio n of omphac itc incl usions in Brazilia n d iam onds
rep orted previ ously (M itchell & Giardin i 1977), as well as
from other regions wor ldw ide .

Three diamonds have compos ite inclusions: #3-47, 6·54 and
16- 1. Equil ibrium tempera ture s and pressures for thesc
paragcnct!c associations wcre calc ulated using the O'N eill and
Wood ( 1979) and Finn ert y & Boyd ( 1978) meth ods for the
oliv inc-pyro pc association , MacGregor ( 1974) and Harvig &.
Smith ( 1982) methods for the olivine-e nstatite associat ion,
O 'Ne ill & Wall ( 1987) and MacGregor ( 1974) meth ods for
olivine, enstatite and chromite association (Table II ). Pressure­
temperature cond itions arc in a limit of925-14X7 °C under 54­
70 kbar, what corres ponds to approximately 150-200 km
depth.

DISC USSION AN D CONC LUSIONS The regional
speci fic ity of d iamonds from the Coromandel area
predo minantly consis ts of rounded rhombododecahcdra l
crystals, with relat ively high proport ions of crysta ls with brown
pigmenta tion spots, and a high prop ortion 0 1" c rys tals with
mark s of in tense mechan ica l ero sio n. Among rhombododc­
ca hcdra l diamonds, there are numerous varie ties in shape and
surface feature s. It is typica l of the pipes with low- to medium
diamo nd grade, hut the primary sources arc not yet discovered.

Based 011 the indica tor min erals associated with the
Coromandcl diamo nds, and on mineral inclu sions in them we
may suppose that these primary sources are typical kimberlites.
The sharp predominance 0 1" minera ls o f ultramafic associa tion
among the mineral inclus ions in Co romand el diamond s
ind ica tes that kimberlite magma orig inated in an ultramafic
environment, at app roximately 150-200 kin depth Crable I I).

TIle mafic (cclogiiic) component was insign ifica nt: only 4%
of diamonds contain E-type minera l inclus ions. Th is coincides
with the data on carbon isotope compos ition. The vast majority
of d iamonds arc iso topically ' heavy ' with their o L~C va lues
varying with in a very narro w range, which is character istic of
P-type diam ond s, and only two d iamonds appeared to he
isotopica lly ' light' , onc 0 1" them with an eclo g itic-type inclu­
sion. This indicates that the maj ority 0 1" Coromnndcl d iamonds
had a homogeneous mantle so urce of carbon.

Based on a similarity of a number of character istics (the
presence and dist ribution of the main morphological types and
varie ties, the low overall abundan ce of twins in the diamonds
studied, the nature of o xida tive disso luti on, the photolumi ­
ncscc ncc prop ert ies, the prop or tions of the various nitrogen
impurity centers, the ca rbon iso topi c co mpo si tion, and the
co ncentrat ions of incl us ions 0 1" high -prcssure mincrals ), all
dia mond s fro m the Rio da Prat a system (probably, exce pt
Corrcgo do Salitre) arc generally s imilar, which indicates that
they may have a common provenance, or orig inated Irom
sources that are dis tinct, but close ly related to eac h other.

The IR charac teristics 01" diamonds also sugg es t that
dia monds [ro m all local ities with in the Coroma nde l area are
likely to be de rived from a co mmon primary source(s) . SOllie
di fferences between the various localit ies, particularl y the
bimodal distributio n of diamo nds , may have two plausib le
inicrp rctation s.

On e sce nar io (which is more likely) is that the bim odal
charac ter of the d istr ibution s for diamonds from Cdrrcgo da
Criminosa (Sa mple # II ) imp lies two d istinct primary sources
for the placer deposi t sampled . So urce I wo uld have bee n a
sou rce for diamond s with higher co nce ntrations of nit rogen
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Table 9 - Chemical composition of chromitcs included ill
COJV II/wulei diamonds (""r. 'Yo).

Sallll'k Ti O, AI,O, Cr,O, Fe O MnO ~I t:0 TIllal

2- II fU O (,A I 04.2') 14,0 5 fl,23 14,4,11 ')'),5(,

,1-.$5 lWI 7.11(' o).f l') mto 0,22 10.33 W,o l
S·X Il,f~ ('5 6 64,2 7 13,62 0.24 14,')2 W,(,5
r 1-32 ~ o.tx 6,711 (,,~, (l , 1 13,01'1 (l.,l7 13,'1(, ' ),) , ,11 2

16-1(l ) • • 0,07 7,(,.1 M ,SS 10,72 O.H 16.2X l)t).6.1
1(.. 1(2) • • 1 J.C ~1 7.4(, (,.1 .71 10•.10 n,2.1 1(,.12 '.1'0 2

NUl,-: ~ III " ' Stlt:i"linl w;lh 1')T' ~Jt: ("-..: ·1";,1>1.: ll)

•• In "s" ""i;,li"lI with ulivinc and cn, t ' l;l,· tscc Tahle Xl

Table /0 - Chemical camposmon of sulfide included ill
Cam mal/del diamonds (IVI . 'Yo).

[)j " 'll, ~ltl I't: Ni C" A, S< S T"..,,]

S·6.1 ,1(,,7.1 IS.llI " " " .'X,11<, ' ) ') ,H')

(, .7(, 42,27 1'),.1.\ " " " .1X,2') ')') . ')')

Table JI - Equillbrimn temperature and pressure conditions for
mineral associations included ill Coromandet diamonds.

Sample Mincrnl nssrc i.uiou Temperature, °C Pressure, kh

.1-47 olivine + pyw pc 12:-:7 69.7

6-5" olivine + cusuuttc ')25 5", 2
16-1 olivine + cusnuitc + cluonutc 1245 5K.6

struc tura l impurities, which are co mmo n for the other areas,
and an additional so urce II ma y ha ve supplied low-nitrogen
d iam onds.

A second scenario. which is speculative, but shou ld not be
exc luded, is based on the regul arity that d iam onds with a
higher conce ntration of seg regatio n-type nitro gen impurities
(If-ce nters) arc more resistant to mechanical erosio n (Nulcrov
et al. 1979), In th is case diamonds from Con-ego da Crim inosa
may have been der ived from the same type of the initial source,
but that so urce was located much closer than for all the other
samp les.

Afte r emplace me nt o f the prim ary so urces, the diam onds
underwent a long history in their evol utio n and de position in
recent placer depos its. Epi genet ic mechanical features 0 1"
Corom andcl d iam o nds are the most impor tant fe ature in
understandin g this process. Co rrosio n I~ l a rks on Coromandcl
diamonds dem onstrate that a significant numbe r of stones were
reworked in a coastal-marine env iron me nt. They bear spal­
lation pi ts. cresce nt-shaped and annular fissu res, blunted and
rounded crys ta l edges and api ces, and others, which arc
charac teristic o f the coas tal-mar ine reworking. T he same
stones frequent ly have bro wn pigmentat ion spo ts. Th e
expe riments have shown that bro wn pigmentat ion spo ts on
natural diamonds are a result of the transformation of the green
ones when the d iam onds arc heated to 500-550 "C (Orl ov
1987). If that is the case, then thc high abu ndance of dia monds
with brown pigmentati on s po ts s ugges ts that the history of
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these diamond s invol ved res iden ce in high-temperature (500­
550°C) intermediate co llec tors . Thi s co nclusion coi ncides with
our find s o f kimberlite indi cator minerals (ga rne t and pic ro ­
ilmenite ) in the Lower-C retaceou s Areado Formation, both in
samples and in situ in sandstones ncar C6rrcgo Lobo (F.
Kaminsky, unpubl. data).

T he othe r group of mecha nicall y ind uced ma rks on
diamonds, such as spallation surfaces is of a lluvial origin. They
arc observed a ll both, fresh and previously mechan ica lly
rewor ked diam onds . This means that diamond s have come to
the rece nt place r de pos its both directly from non-discovered
primary sources (kimberlites) , and from interm ediat e , anc ient,
sedimentary collec tors .

All plac e r dep osit s in the Rio da Prata sys tem appear to be
o f ' mixed' ori gi n, which is ev idenced by the prese nce of
d iamonds with alluvia l and coas tal-marine erosion mar ks. Th e
re lati ve abundance o f diamonds with intcn sc mechan ic ero sio n
marks is higher in the Rib c ira do Pei xe Area th an in the
Northe rn Area.

Th ere is a direct corre lation between lluvial transport
di stance and the prop ortion o f broken crystal s (o r thei r
fragmen ts). Because jointed c rys tals arc fract ured and
fra gmented , an d the res u lting frac tured and fra gmented
c rysta ls are transported downstream from the acc umula tion
area, the average we ight o f diam onds in place r samples tends
to increase towards the upper reaches of placer-for ming rivers.
Conve rse ly, dia mond s izes in placers tend to dec rease in the
dow nstrea m di rec tion, pro vided that 11 0 o the r so urces of
d iamonds occ ur along the flow direction, whic h could supply
addit iona l d iamo nds to the place rs sampled. There is a c lose
corre la tion between di amond morpho logy and resis tance to

mechanically indu ced damage resulting from alluvial
tran spo rt. Rounded and smooth-faced c rysta ls ap pear to be
more resistant to tran sport , wherea s diam onds wi th lam ell ar or
s tep-wise , polycent rica lly devel oped c rys ta l faces arc less
resista nt. Th e relative ly higher prop ort ions o f broken , jointed ,
and smoo th- faced crystal s, and the re lative ly lower abundances
o f di am onds wit h we ll-deve loped concentric s tria tions and
hackly surface fea tures in the Ribcira do Peixe Area than in the
No rthe rn Area, suggests th at the Nor the rn A rea is s ituated
c loser to the inferred diamond pro ven ance tha n the Ribeiro do
Pcixc Ar ea.

In onc o f the local ities 1'1'0 111 the Nort hern Area, no
diamonds show mech anica l erosio n marks o f coa stul- murinc
enviro nme nts. Diamonds in this area are sta tistica lly d ifferent
fro m the diamonds of all o the r a reas. T he re is a s ig nificu ntly
higher abunda nce o f diamonds w ith combi na tio n-type
spallation surfaces here, and all broken crystals look very fresh.
Diam onds from thi s a rea have a large proport ion of grey
stones; they differ from the othe r stones in their transp aren cy
and average valu e. Th e lack of mech anical erosion mar ks on
di am onds here gives a rea son to sugges t that the se diamonds
were tra nspor ted unde r flu via l condi t ions im mediate ly from
their primary source, and not very far. T here arc pro bably other
areas in Coroma ndcl where d iam onds come to place r deposits
direc tly from primary sources.
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