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EXPLORATION WORKS

Å Alrosa (Zimbabwe) company conducted an

explorationprogramto searchfor newkimberliteson

their licenses in the south of the country

(MatabelelandSouth)duringtheperiod2020to 2024.

Å In this province, ALROSA (ZIMBABWE) Ltd. has

received 15 licenses, covering a total area

of approximately720,000 hectares. The licensed

areas contain known mineralogical anomaliesand

more than 36 known kimberlitesof varying degrees

of exploration.

Å The sametime a re-evaluationof severalpreviously

discovered(JK-01, Triangle-11, 12) kimberlites was

carriedout.

Fig. 1-2. The map of Zimbabwe with defined location of the prospecting

licencesfor diamondsof Alrosa(Zimbabwe).



THE DIAMONDS GROWTH CONDITIONS

Á Most diamondsrecordformationalongthe35-45 mW/m2 geothermsandcloseto the

diamondgraphiteboundary(4.5-7.5 GPa, 950-1350C).

Á Carbonsourcein the mantle (eclogitic and peridotitic diamonds)- carbon-bearing

fluids or minerals,dependingonoxygenfugacities.

Á The close similarity diamondinclusionsand minerals in diamondiferousxenoliths

strongly suggeststhat diamondswere formed within such rocks long before the

kimberliteeruptionandarenotphenocrystsin theeruptingkimberlite.

It is importantto remembera necessaryconditionsfor stablegrowth of diamondsin the lithosphericmantle. Therearestill manyquestions

here,but in generalit is knownthat:

Fig. 3. Schematicdiagrams illustrating possible mantle

conditions(e.g., depth,oxygen fugacity) and geodynamic

settings in which lithopsheric and sub-lithospheric

diamondsand their mineral inclusions are formed. The

figure afterShireyetal

Fig. 4. CaO vs. Cr2O3 in Cr-bearing pyropes from

macrodiamondsof majorYakutiandiamondmines(1) and

from microdiamonds of the same mines (2). Solid

boundaries for garnet paragenesesare from Sobolev

(1971, 1974). Hðharzburgitic, Lðlherzolitic, Wð

wehrlitic parageneses.

Å The mineralogical criteria for the

diamond potential of kimberlites are

basedon the study of the composition

of pyropegarnetsincludedin Yakutian

diamonds: they differ from the

compositionof ordinary pyropesfrom

kimberlites in two respects: a higher

chromiumcontentanda lower calcium

content.

Å This criteria was developed by

AcademicianSobolev,who publishedit

in 1971.



GEOLOGICAL POSITION

Å The studied kimberlites are located

within the CentralZoneof the ancient

(early Archean)Limpopo mobile belt,

which separatesthe Kaapvaal and

Zimbabweancratons,andrepresentsa

complex structure composed of a

tectonically displaced allochthon,

which has no connection with the

lithosphericmantle(De Wit and Hart,

1993).

Å According to published data, the

lithosphericmantlebeneaththis belt is

completelyanalogousto that beneath

the Kaapvaalcraton, i.e., represented

by a depleted, relatively cold

lithosphere composed of low-

temperature garnet peridotites

(Kopylovaetal., 1997).

Å In other words, from a tectonics

point of view, this area and the

conditions in the lithospheric mantle

beneath it are favorable for the

localization of diamond-bearing

kimberlites.Fig. 5. Tectonicmapof theLimpopo mobile belt, southernZimbabwe(adaptedfrom BlenkinsopandKisters, 2005).



EXPLORATION WORK

Fig. 6. Position of license areas (EPO) of companies that previously carried out exploration work relative to the license areas of ALROSA 

(Zimbabwe).

Å In southernZimbabwe,two major

companies(Rio Tinto Zimbabwe

and De Beers (Kimberlitic

Searches Limited)) were

conductingdiamondexploration.

Å The location of the exploration

license boundariesrelative to the

boundaries of the ALROSA

(Zimbabwe) special grants is

shownin thefigure.

Å ALROSA (Zim) was carried the

explorationprogramout using the

traditionalmineralogicalmethod.



MINERALOGICAL LAB

Fig. 7-10. During theloamsamplingprogram,thecompanywasusinga full cycleof loamsamplesprocessingbasedon its own facilities

(field campandBYO office).



Fig. 12-13. Concentrationcontoursof +1 mm classpicroilmenitesandchromespinels

in thesouth-eastcornerof areaJS19 (kimberlite is shownby thestars).

EXPLORATION WORK

Fig. 11. Microscopicphotosof the indicatormineralsof kimberlites(JS19 sampling

site).



Fig.14. A pit thatexposeda kimberlite dike JK-19/1.

EXPLORATION WORK

Fig. 17. Polishedporphyry

kimberlite samplefrom the

JS-19 site.

Fig. 16. The pit that exposed a kimberlite and

fragments of kimberlite rocks (area JS-19 of the

Malipati licensearea).

Fig.15. A trenchthatexposedakimberlite dike JK-19/2.



JK- 19 KIMBERLITE MINERALS COMPOSITION
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Fig. 18-20. The composition of pyropes, picroilmenitesand Cr-Spinelsfrom JS19 sampling site. In the diagrams: a - N.V. Sobolev [Sobolev, 

1974] and J. Gurney [Gurney, 1984, 1989; Gurney et al., 1993], b - results of calculation of P-T parameters in the PTQuickprogram.

30

40

50

60

0 5 10 15 20

T
iO

2
(w

t%
)

MgO (wt%)

JK-19, n (Pilm) = 300  

Kimberlitic

Non-
Kimberlitic

0

10

20

30

40

50

0 5 10 15 20

F
e

2
O

3
(w

t%
 c

a
lc

u
la

te
d

)

MgO (wt%)

JK-19, n (Pilm) = 300 

good
preservation
(late stage
growth)

no preservation

marginal
preservation

poor preservation

intermediate
preservation
(92% tetra-

hexahedroids)



BULK SAMPLING OF THE KIMBERLITES

Kimberlit

e

Bulk sample, 

tons

Diamonds recovered Weight, ct

JK- 01 105.9 129 5.5

TR- 11 68.8 0 0

TR- 12 55.6 0 0

Fig. 21. A trenchon the JK-01 kimberlite samplingsite (left) and the stockpileof the

kimberlite bulk sample.

Fig. 22. Explorationplantat theBubi campandthedepartmentof

thefinal diamondrecovery.



JK- 01 DIAMONDS CHARACTERISTICS

¶ diamondsof only Yu. L. Orlov'sTypeI variety,

¶ aslight predominanceof individualswith anoctahedralhabit,

¶ absenceof polycrystallineaggregates,

¶ a predominanceof diamondswithout cracks,but with numerousinclusions,transparent,jewelry stones(of reducedquality)

of a light color range.

Despitepromising preliminary forecasts,all testedkimberlites showednegativeore potential.

Characteristics Size class , mm

-

4,0+2,

0

-

2,0+1,

0

Tota

l

Quantity , pcs 10 119 129

Weight , ct 1,64 3,86 5,50

Variations of the weight , Ct :

- Min 0,09 0,01

- Max 0,30 0,10

Average wight of stones , Ct 0,16 0,03 0,04

Quantity of diamonds in one Ct 6,10 30,8 23,5

Share in % of the total quantity :

- In pcs 7,8 92,2 100,

0

- In Ct 29,8 70,2 100,

0

Cost ( preliminary ),  USD/ ct :

Prises from 02- 15- 01- 2019 - July

according to ñNatural, rough diamonds " 

( Ministry of Finance of Russia)

46,44 30,74 35,4

2

Fig. 23. Photo of the diamonds recovered from the JK-01

kimberlite.



FORECAST OF KIMBERLITES DIAMOND POTENTIAL

We havedecidedto look into thesituationandunderstandthereasonsfor thefailure of diamond-bearingforecastingmethodsin this particular

case. Duringanydiamondexplorationworks,thereareseveraldecisionpointsat whichexplorationcanbestoppedif theforecastis negative.

1. Early exploration stage. At this stage,it is possibleto understandthe diamondpotential of an as-yet-undiscoveredor discovered

kimberliteusingmineralogicalcriteriafor diamondpotential.
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Fig. 24. Compositionof themantlegarnetsfrom kimberlitesJK-01, Triangle11 in 12 on thediagrams: N.V. Sobolev[Sobolev,1974] andJ. Gurney

[Gurney, 1984, 1989; Gurneyet al., 1993] (upper row); compositionof the picroilmenitesfrom kimberlites JK-01, Triangle 11 in 12 on the

diagramsTiO2-MgO of Wyatt [Wyatt B.A., 2004].



DIAMOND PRESERVATION FORECAST

Basedon the chemicalanalysisof kimberlite indicator minerals,the kimberlitesof the Trianglecluster (11, 12) and the

BeitbridgeJK-01 kimberlite dike have the greatest potential among the studied kimberliteslocated within the Malipati

licensedareacluster.
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By using a picroilmenite composition we can also predict a degree of diamonds preservation in the source kimberlites. 

Fig. 25. Composition of picroilmeniteson the diagrams of Haggerty [Haggerty S.E., 1975] and Nowicki et al [Nowicki et al, 2007]. 



FORECAST OF KIMBERLITES DIAMOND POTENTIAL

3. Next stage is kimberlite bulk sampling. A method for assessing the diamond potential of a 

kimberlite body. This method is reliable but expensive.

For the most of the worldwide kimberlites the positive conclusions on the first two criteria

would means a discovery of an almost guaranteed diamond productive kimberlite .

But in fact, we got almost barren kimberlites. 

ñUdachnay

aò 

Kimberlit

e 

Geotherm

Fig. 4. The P-T parametersfor HD pyropeswerecalculatedusingthe Ni-in-garnet thermometer

accordingto Griffin [Griffin et.al., 1989] andthebarometeraccordingto Ryan[Ryanet.al, 1996].

2. Next stage is kimberlite discovery stage. Kimberlite testing for

microdiamonds. Decision-making based on a mathematical model for

predicting diamond content based on the presence of microdiamonds

in small kimberlite samples. This is a low-cost method compared to

bulk sampling.

Among the Triangle cluster kimberlites, microdiamonds have been

found in variable amounts in eight kimberlites (TRG-01; TRG-03; TRG-

05; TRG-07; TRG-08; TRG-10; TRG-11; TRG-12).



To understand the failure of the mineralogical method for predicting diamond potential in this particular case, we

performed EMPAand LAICPMS analysisfor rare and trace elementsin mantle garnets from the studied kimberlites. The

statisticsof analysedmineralsis providedon the screen.

FORECAST OF KIMBERLITES DIAMOND POTENTIAL

Kimberlite C2 E1 E2 MC

PR

Total

Grt , HD1 HD2 L1 L2 L3 W Total PR

JK- 01 4 1 3 3 34 36 1 45 1 117 128

JK- 02 28 2 88 18 136 136

River Ranch 2 5 15 36 29 4 9 328 1 407 429

Triangle - 11 1 2 1 157 24 1 9 57 248 252

Triangle - 12 1 5 1 106 20 19 45 59 249 256

Triangle - 7 1 9 36 26 1 144 88 295 305

Summary
8 14 5 27 397 135 27 296 595 2 1452 1506

ʂʠʤʙʝʨʣʠʪ C2 E1 E2 MC

PR Total

Grt , to

100%
HD1 HD2 L1 L2 L3 W ʀʪʦʛʦ PR

JK- 01 3,1% 0,8% 2,3% 2,3% 26,6% 28,1% 0,8% 35,2% 0,8% 91,4% 100,0%

JK- 02 20,6% 1,5% 64,7% 13,2% 100,0% 100,0%

River Ranch 0,5% 1,2% 3,5% 8,4% 6,8% 0,9% 2,1% 76,5% 0,2% 94,9% 100,0%

Triangle - 11 0,4% 0,8% 0,4% 62,3% 9,5% 0,4% 3,6% 22,6% 98,4% 100,0%

Triangle - 12 0,4% 2,0% 0,4% 41,4% 7,8% 7,4% 17,6% 23,0% 97,3% 100,0%

Triangle - 7 0,3% 3,0% 11,8% 8,5% 0,3% 47,2% 28,9% 0,0% 96,7% 100,0%



Å We saw that, accordingto the kimberlite mineral composition,the lithospheric mantle is

characterisedby thenecessaryconditionsfor diamondformation.

Å We knowalsothatthediamondsgrow duringthemetasomaticprocesswith theinflux of fluids.

Å How canwe understandthereasonthediamondsdid notgrow upfor ?

Å To understandthe conditionsin which diamondsgrow, the simplestway is to study these

mineralsðtheinclusionsin thesediamonds.

Å The mineralsencapsulatedin the diamondspreservethe information on the mineralogyand

geochemistryof themantleenvironmentat thetimeof diamondformation.

MINERAL INCLUSIONS IN DIAMONDS

Å Today, we have more precise

analytical methodsand can study

the geochemistryof traceelements

in mantle garnet inclusions in
diamondsin detail.

Å Studiesof the Traceand RareEarth Elementcompositionof mantlegarnets

makeit possibleto traceits evolutionduringthefertilization of thelithospheric

mantleasa resultof metasomaticprocesses.

Å On the Y-Zr plot areshownthe main trendsin the evolutionof mantlegarnet

compositionsasa resultof metasomaticprocesses.

Fig 29. A geneticclassificationschemefor lithosphericmantle

garnetsbasedon their traceelementcomposition(Agashevet

al., 2018).



REE COMPOSITION OF MANTLE GARNETS

Fig 26. Chondrite-normalizedREE patternsfor harzburgitic(n = 223) and lherzolitic (n = 72) garnet inclusionsin

diamond(Stachelet al, 2022).

Pr - Nd- Sm Nd- Sm

This fact suggests that diamond nucleation and inclusion entrapment occur at

this stage . These harzburgite garnets are metasomatic in nature and formed as a

result of the metasomatic interaction with the carbonatite fluids/melts .

Å On thesegraphwe canseetheREEcompositionof garnetinclusionsin diamondsfrom theworldwidekimberlites,which

indicatesthestageat which thesemineralinclusionsarecaptured.



REE COMPOSITION OF MANTLE GARNETS AND METASOMATIC PROCESS
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Diamond growth appears to be

only beginning at this stage

of metasomatism and continues

at later stages without

inclusion capturing .
Fig 29. Chondrite-normalizedREEpatternsfor

harzburgitic garnet inclusions in diamond

(Stachelet al, 2022).

Fig 28. A genetic classification scheme for

lithosphericmantlegarnetsbasedon their trace

elementcomposition(Agashevet al., 2018).

Fig 27. Chondrite-normalizedREE patternsfor

kimberlites.



REE COMPOSITION OF MANTLE GARNETS

Thus, the low diamond potential of the Tr11, Tr12 and JK01 pipes is due to the cessation of fluid flow,

and therefore the carbon necessary for diamond crystallization, during the early stages of

metasomatism in the lithospheric mantle beneath these kimberlites. Consequently, diamond growth

ceased early on. The volume of incoming fluid was likely also small, as the garnet contents of the

kimberlites are also low.

Å Thus,we seethat most garnetinclusionsin diamondswere

trappedat later stagesof metasomatismcomparedto the

early stagesrecordedin the garnetsof the Tr11, Tr12 and

JK01kimberlites.

Å This meansthatdiamondgrowthrequiresa maturationstage

with furtherinputof carbon-bearingmetasomaticagents.

Å For example: in highly diamondiferouspipesin Siberia,such

as Inter and 23rd Congressof the CommunistParty of the

Soviet Union, harzburgite garnets of the diamond

associationexhibit peaksof Nd-Sm and Gd to Tm group

contentsabovethechondriteunit, which alsoindicatesmore

advancedstagesof metasomatism.

Fig 29. A genetic classificationschemefor lithospheric mantle garnets

basedon their traceelementcomposition(Agashevet al., 2018).



Thank you for attention!


