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<\_^_gb_ 

GZ :njbdZgkdhc� ieZlnhjf_� �:I�� hldjulh�fgh]h 

dbf[_jeblh\uo� l_e, jZkijhkljZgzgguo gZ� h[rbjghc�
l_jjblhjbb��k]jmiibjh\Zgguo \�hl^_evgu_�km[ijh\bg�
pbb�� jZchgu� b� ihey� >1±5@�� >h� gZklhys_]h� \j_f_gb�
a^_kv� ^hklh\_jgh� mklZgh\e_g� h^bg� ]_g_lbq_kdbc� lbi�
fZglbcguo� ZefZah\� ± dbf[_jeblh\uc�� Bo� dhj_ggu_�
f_klhjh`^_gby� jZajZ[Zlu\Zxlky� \�X`gh-:njbdZg�
kdhc�J_kim[ebd_��;hlk\Zg_��LZgaZgbb��AZbj_��Abf[Z[\_�
b�:g]he_��< gZklhys__�\j_fy�\�:g]he_ gZkqblu\Z_lky�
hdheh�lukyqb ijhy\e_gbc�dbf[_jeblh\, ijb�wlhf�wdh�
ghfbq_kdb� agZqbfu_�ljm[db�ijbmjhq_gu�d�ihex�DZ�
lhdZ. Hgh jZkiheh`_gh�\�[Zkk_cg_�j� QbdZiZ�gZ�djZc�
g_f�x]_�ijh\bgpbb�Emg^Z-Ghjl_. GZ�aZiZ^_�ihe_�]jZ�
gbqbl�k�ijh\bgpb_c�FZeZg`_��gZ�x]_�± k�ijh\bgpb_c�
Fhrbdh�� Z� gZ� k_\_jh-\hklhd_� aZfudZ_l� ]jZgbpm�
kljZgu��<�]_heh]h-kljmdlmjghf�hlghr_gbb�hibku\Z_�
fZy�l_jjblhjby�ijbmjhq_gZ�d�aZiZ^ghfm�kdehgm�sblZ�
DZkZb�Zjo_ckdh-ijhl_jhahckdh]h�\hajZklZ�b�ijbfudZ�
xs_c� d� g_fm� f_ahahckdh-dZcghahckdhc� \iZ^bg_ 
Dhg]h� Dbf[_jeblh\u_� ijhy\e_gby� \� ij_^_eZo� ihey�
]jmiibjmxlky�\�ahgm�f_jb^bZevgh]h�gZijZ\e_gby�^eb�
ghc����df�b�rbjbghc���±���df��<k_]h�a^_kv�ba\_klgh�

[he__�15��dbf[_jeblh\uo�^bZlj_f��hkb�[hevrbgkl\Z�
ba� dhlhjuo�hjb_glbjh\Zgu� \� k_\_jh-\hklhqghf�b� k_�
\_jh-aZiZ^ghf� gZijZ\e_gbyo�� Kj_^b� ba\_klguo� dbf�
[_jeblh\uo� ^bZlj_f ihey� ljm[dZ� DZlhdZ� bf__l� jZa�
f_ju�gZ�ih\_joghklb����o����f��iehsZ^v�66 ]Z��HgZ�
ij_^klZ\ey_l� mgbdZevgmx� \� ]_heh]bq_kdhf� b� \_s_�
kl\_gghf� ieZg_� ^bZlj_fm �jbk� 1), oZjZdl_jbamxsm�
xky�g_agZqbl_evguf�wjhabhgguf�kj_ahf k khojZgb\�
r_cky� djZl_jghc� ihkljhcdhc� >6±9]. <f_sZxsb_�
ljm[dm� ihjh^u� ij_^klZ\e_gu� ^hd_f[jbckdbfb� ]g_c�
kZfb�b�djbklZeebq_kdbfb�keZgpZfb��i_j_dju\Zxsb_�± 

g_h]_gh\ufb�i_kdZfb�nhjfZpbb�DZeZoZjb��iZe_h]_g-

g_h]_gh\ufb�f_`nhjfZpbhggufb i_kdZfb��keZ[h�eb�
lbnbpbjh\Zggufb� i_kqZgbdZfb� b� kh\j_f_ggufb� Ze�
ex\bZevgufb� hleh`_gbyfb�� NhjfZ� ljm[db� \� ieZg_�
ihqlb�bahf_ljbqgZy��;he__�����_z�iehsZ^b�[ueh�i_�
j_djulh�k\ZeZfb b�gZghkZfb�ijZdlbq_kdb�imkluo�ih�
jh^��ij_^klZ\e_gguo�ijh^mdlZfb�jZajmr_gby�\f_sZ�
xsbo ljm[dm�]g_ckh\�b�hkZ^dZfb�nhjfZpbb�DZeZoZjb�
fhsghklvx hl�i_j\uo�^h�����f��G_ihkj_^kl\_ggh�gZ�
^g_\gmx�ih\_joghklv�dbf[_jeblu�\uoh^yl lhevdh�\�
aZiZ^ghc�qZklb�ljm[db�gZ�iehsZ^b�hdheh�����luk��f2 

[10±12]. 

 

 

Jbk�����Ko_fZlbq_kdbc�ieZg�b�jZaj_a�dbf[_jeblh\hc�ljm[db�DZlhdZ��1 ± hleh`_gby�]jmiiu�DZeZoZjb��a ± i_kqZgbklu_��b ± ]eb�
gbklh-i_kqZgbklu_��2 ± ZefZahghkgu_�Zeex\bZevgh-^_ex\bZevgu_�hleh`_gby��3 ± djZl_jgu_�nZpbb��Zj]beeblu�b�Ze_\jheblu���4 ± 
dbf[_jeblh\u_�[j_dqbb��5 ± fZkkb\gu_�bgl_gkb\gh�lj_sbgh\Zlu_�dbf[_jeblu��6 ± ihjnbjh\u_�dbf[_jeblu��7 ± ]g_cku� 
[Fig. 1. Schematic diagram and section of a Catoca kimberlite pipe: 1 ± sediments of the Kalahari group: a ± sandy, b ± clay±sandy; 2 ± 
diamondiferous alluvial±deluvial deposits; 3 ± crater facies (mudstones and siltstones); 4 ± kimberlite breccias; 5 ± massive intensely fractured 

kimberlites; 6 ± porphyry kimberlites; 7 ± gneisses.] 

 

Ih�^Zgguf�]_heh]hjZa\_^hqguo�b�^h[uqguo�jZ[hl�
ljm[dZ�DZlhdZ�h[eZ^Z_l� keh`guf� \gmlj_ggbf� kljh_�
gb_f� >13±16@��?z�p_gljZevgZy�qZklv�iehsZ^vx�hdheh�
����luk��f2 keh`_gZ�\medZgh]_ggh-hkZ^hqgufb�h[jZah�
\Zgbyfb� �<HH��� keZ]Zxsbfb� qZr_ih^h[gh_� l_eh� \�
djZl_jghc�qZklb��ijhklbjZxs__ky�̂ h�]em[bgu�����f�hl�
^g_\ghc� ih\_joghklb� �jbk� 2). Ih� i_jbn_jbb� \� \b^_�
dhevp_\hc�ahgu�rbjbghc�hl�����^h�����f�jZkiheZ]Z-

xlky�dbf[_jeblh\u_�lmnu�b�lmnh[j_dqbb��Z�\�x`ghc�
qZklb� dZjv_jhf� \kdjulu� ihjnbjh\u_� dbf[_jeblu�
�ID���l_eh�dhlhjuo�fh`_l�ij_^klZ\eylv�njZ]f_gl�dbf�
[_jeblh\h]h�kbeeZ�>17±19@��K�]em[bghc��ih�f_j_�i_j_�
oh^Z�hl�djZl_jghc�qZklb�ljm[db�d�^bZlj_fh\hc��m]eu�
iZ^_gby�[hjlh\�jm^gh]h�l_eZ�kms_kl\_ggh�\uiheZ`b�
\Zxlky��hl����^h����]jZ^mkh\���GZqbgZy�k�]em[bgu����±
����f�hl�ih\_joghklb�ih^�ihjh^Zfb�djZl_jghc�qZklb
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Jbk���� =_heh]bq_kdh_�kljh_gb_�dbf[_jeblh\hc�ljm[db�DZlhdZ� 1 ± i_j_dju\Zxsb_�i_kqZgh-]ebgbklu_�hleh`_gby�]jmiiu�DZeZ�
oZjb��2±9 ± Ihjh^u�djZl_jghc�nZpbb��2±5 ± wibdeZklbq_kdb_ hleh`_gby�djZl_jghc�nZpbb��2 ± i_kqZgbdb��3 - Ze_\jheblu��i_kqZgbdb��
dhg]ehf_jZlu�k�ijbf_kvx�dbf[_jeblh\h]h�fZl_jbZeZ����± i_j_keZb\Zgb_�lmnhi_kqZgbdh\��lmnhZe_\jheblh\��lmnh]jZ\_eeblh\�k�ik_�
nblh\ufb�dbf[_jeblh\ufb�lmnZfb��5±6 ± hiheagb�ibjhdeZklbq_kdbo�ihjh^�gZ�ih\_joghklv�\medZgh]_ggh-hkZ^hqguo�ihjh^��7±9 ± 
\medZghdeZklbq_kdb_�ihjh^u��7 ± dbf[_jeblh\u_�[j_dqbb��8 ± lmnu��dk_ghlmnu��9 ± dbf[_jeblh\u_�lmnh[j_dqbb��lmnhi_kqZgbdb��
i_kqZgbdb��10 ± dk_gheblh\uc� ]hjbahgl�hkgh\Zgby�djZl_jghc�nZpbb�� lmnhi_kqZgbdb�� lmnhZe_\jheblu�� lmnhZj]beeblu��[j_dqbb�
]g_ckh\�k�dbf[_jeblh\uf�p_f_glhf��]eu[u�]g_ckh\��11 ± ihjh^u�^bZlj_fh\hc�nZpbb��Z\lheblh\u_�dbf[_jeblh\u_�[j_dqbb��lmn�
nbablh\u_�dbf[_jeblu��ihjnbjh\u_�dbf[_jeblu���12 ± dbf[_jeblh\f_sZxsb_�Zjo_ckdb_�]g_cku� 
[Fig. 2. Geological structure of the Catoca kimberlite pipe: 1 ± overlapping sandy±clay sediments of the Kalahari group; 2±9 ± Cities of 

the crater facies: 2±5 ± epiclastic deposits of the crater facies: 2 ± sandstones; 3 ± siltstones, sandstones, conglomerates mixed with kimberlite 

material; 4 ± intercalation of tuff sandstones, tuff aleurolites, tuffogravellites with psephitic kimberlite tuffs; 5±6 ² landslides of pyroclastic 

rocks on the surface of volcanic±sedimentary rocks; 7±9 ± volcaniclastic rocks: 7 ± kimberlite breccias; 8 ± tuffs, xenotuffs; 9 ± kimberlite tuff 

breccias, tuff sandstones, sandstones; 10 ± xenolithic horizon of the base of the crater facies: tuff sandstones, tuff aleurolites, tuff argillites, 

breccias of gneisses with kimberlite cement, blocks of gneiss; 11 ± rocks of the diatreme facies (autolithic kimberlite breccias; tuffizite kim-

berlites, porphyry kimberlites); 12 ± kimberlite±bearing Archean gneisses.] 

 

�p_gljZevgZy�qZklv��\kdju\Zxlky�dbf[_jeblh\u_�ih�
jh^u�`_jeh\hc�nZpbb�± dbf[_jeblh\u_�[j_dqbb��D;��
b�Z\lheblh\u_�dbf[_jeblh\u_�[j_dqbb��:D;���AgZqb�
l_evgZy�qZklv�ljm[db�DZlhdZ [ueZ�i_j_djulZ�fhsguf�
q_oehf� juoeuo� g_h]_gh\uo� b� g_h]_g-iZe_h]_gh\uo�
i_kqZguo�hleh`_gbc��Z�\�^hebg_�jmq��DZlhdZ�± kh\j_�
f_ggufb� Zeex\bZevgufb� hleh`_gbyfb� g_[hevrhc�
fhsghklb��G_ihkj_^kl\_ggh�gZ�\f_sZxsbo�ihjh^Zo�b�
dbf[_jeblZo� aZe_]Zxl� f_`nhjfZpbhggu_� i_kdb� Z� \�
gbaZo�jZaj_aZ� ± keZ[h�eblbnbpbjh\Zggu_�i_kqZgbdb��
Gb`gyy� qZklv� lZdh]h� jZaj_aZ� kh^_j`bl� jZkk_yggmx�
ijbf_kv�dbf[_jeblh\h]h�fZl_jbZeZ�\�\b^_�bg^bdZlhj�
guo�fbg_jZeh\�dbf[_jeblh\��BFD���Fhsghklv�hleh�
`_gbc�j_adh� m\_ebqb\Z_lky�ih�f_j_�ijb[eb`_gby�hl�
i_jbn_jbb d� p_gljm� ljm[db�� GZ� f_`nhjfZpbhgguo�
i_kdZo�aZe_]Zxl�f_edh- b�lhgdha_jgbklu_�i_kdb�nhj�
fZpbb�DZeZoZjb��<� hkgh\Zgbb� kehy� kh^_j`blky� �±2-

f_ljh\uc�fZjdbjmxsbc�]hjbahgl�]jZ\_eblh\�dj_fgb�
kluo� ihjh^� k� km]ebgbklh-kmi_kqZguf� aZihegbl_e_f��
y\eyxsbcky�[ZaZevguf�^ey�hleh`_gbc�^Zgghc�nhjfZ�
pbb��Fhsghklv�i_kdh\�DZeZoZjb�\�dhglmj_�ljm[db�b�gZ�

_z�kdehgZo�kms_kl\_ggh�g_�f_gy_lky�b�g_�ij_\urZ_l�
���f��<h�\kdjulhf�dZjv_jhf�b�kd\Z`bgZfb�jZaj_a_�m\_�
j_ggh� \u^_eyxlky� ]_l_jh]_ggu_� ]jmiiu� ihjh^� ^\mo�
nZpbc�dbf[_jeblh\h]h�\medZgbafZ�>�0±��@��`_jeh\hc�
b�djZl_jghc�� Z� lZd`_�dbf[_jeblu�ij_^iheh`bl_evgh�
]biZ[bkkZevghc��km[\medZgbq_kdhc��nZpbb� 
 

J_amevlZlu�bkke_^h\Zgbc�b�h[km`^_gb_� 

Dbf[_jeblu� gZ� ZnjbdZgkdhf� dhglbg_gl_ bamqZ�
ebkv�fgh]bfb�bkke_^h\Zl_eyfb (\�lhf�qbke_�b�jhkkbc�
kdbfb�ki_pbZebklZfb���ijbqzf�g_j_^dh ZgZebabjh\Z�
ebkv b�dhju�\u\_ljb\Zgby��D<�� G_kfhljy�gZ, \�p_ehf, 

g_iehomx� bamq_gghklv� hl^_evguo� h[t_dlh\�� fgh]b_ 
\hijhku�hklZxlky�ZdlmZevgufb b�\�gZklhys__�\j_fy, 
lZd�dZd�^ey�dZ`^hc�^bZlj_fu�k\hckl\_ggZ�oZjZdl_jgZy�
lhevdh�^ey�g_z�]_heh]bq_kdZy�h[klZgh\dZ�\hagbdgh\_�
gby��klZgh\e_gby�b�nhjfbjh\Zgby�dZd�bkoh^guo��lZd�b�
dhg_qguo�ijh^mdlh\�\u\_ljb\Zgby klZ[bevguo�\�^Zg�
guo�nbabdh-obfbq_kdbo�mkeh\byo. H^ghc�ba� \Z`guo�
aZ^Zq�ijbdeZ^gh]h�oZjZdl_jZ�\�wlbo�bkke_^h\Zgbyo�y\�
ey_lky� hp_gdZ� kl_i_gb� h[h]Zs_gby� D< ]em[bggufb�
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fbg_jZeZfb�^ey�\hijhkh\�ijh]ghabjh\Zgby�b�ihbkdh\�
gh\uo� f_klhjh`^_gbc� ZefZah\ dZd� dhj_ggh]h�� lZd� b�
jZkkuigh]h�lbih\. Ijhp_kk�\u\_ljb\Zgby�b�\hagbdgh�
\_gby�gh\uo�l\_j^uo�nZa��dZd�ba\_klgh [3, 14, 23, 24], 

h[mkeh\eb\Z_lky�debfZlhf��fbg_jZevguf�khklZ\hf�bk�
oh^guo�ihjh^�b�]b^jh^bgZfbq_kdbfb�mkeh\byfb�kj_^u��
Ihke_^gb_�hij_^_eyxlky��k�h^ghc�klhjhgu��debfZlhf��k�
^jm]hc�± j_ev_nhf�b�\h^hijhgbpZ_fhklvx�ihjh^�  
>ey� bamq_gby� ]_heh]bq_kdh]h� kljh_gby� b� \_s_�

kl\_ggh]h�khklZ\Z�D< keZ[h�wjh^bjh\Zgguo�dbf[_jeb�
lh\uo�ljm[hd�:g]heu [ueZ�kh[jZgZ�dhee_dpby rlmn�
guo h[jZaph\ b�ijhlhehqguo�ijh[�ba�\_jogbo�]hjbahg�
lh\� ljm[db� DZlhdZ b jy^Z� ^jm]bo� l_e� wlh]h� ihey�� Z�
lZd`_ \f_sZxsbo�dbf[_jeblu�ihjh^. Dbf[_jeblh\Zy�
ljm[dZ�DZlhdZ \u[jZgZ�\�dZq_kl\_�wlZehgghc�^ey�dhf�
ie_dkgh]h�bkke_^h\Zgby�\�\b^m�fZdkbfZevghc�^hklmi�
ghklb�__�bamq_gby��Djhf_�wlh]h�hgZ ij_^klZ\ey_l�kh�
[hc�mgbdZevgh_�\h�fgh]bo�hlghr_gbyo�]_heh]bq_kdh_�
l_eh��dZd�\�dZq_kl\_�f_klhjh`^_gby��lZd�k\h_h[jZagh]h 
ih� \_s_kl\_gghfm� khklZ\m� h[t_dlZ��Hg� oZjZdl_jbam�
_lky rbjhdbf�i_ljh]jZnbq_kdbf�ki_dljhf�ihjh^�b�bo�
bgl_gkb\ghc�baf_g_gghklvx�\lhjbqgufb b�dhjhh[jZ�
ah\Zl_evgufb ijhp_kkZfb k� ihqlb� iheguf� jZajmr_�
gb_f�j_ebdlh\uo�fbg_jZeh\�b�aZlmr_\Zgghklvx�i_j�
\bqguo�l_dklmjgh-kljmdlmjguo�ijbagZdh\��B�_s_�h^bg�
ijbagZd�ba�jy^Z� mgbdZevguo� ± hlghkbl_evgh� ohjhrZy�
khojZgghklv� h^gh]h� ba� ]em[bgguo�BFD ± ojhf^bhi�
kb^Z��h[uqgh�ih^\_j]Zxs_]hky�\lhjbqguf�ij_h[jZah�
\Zgbyf�h^gbf�ba�i_j\uo (\ke_^�aZ�heb\bghf). 

< dbf[_jeblh\hc� ljm[d_ DZlhdZ \u^_eyxlky� ^\Z�
]_g_lbq_kdbo�lbiZ�ihjh^��kh[kl\_ggh dbf[_jeblu�k�bo�
ijhba\h^gufb� b� dhfie_dk� \medZgh]_ggh-hkZ^hqguo�
h[jZah\Zgbc (jbk� 2). <k_�ihjh^u�\_jogbo�]hjbahglh\�
ljm[db�ij_l_ji_eb�\lhjbqgu_�baf_g_gby��\�lhf�qbke_�
b�\u\_ljb\Zgb_��dhlhjh_�bgl_gkb\gh�ijhoh^beh�[eZ]h�
^Zjy�\hagbdgh\_gbx�\hdjm]�g__�k_jbb�lj_sbg��Z�lZd`_�
h[jZah\Zgby�\�p_gljZevghc�__�qZklb�djZl_jZ��fZZjZ)��\�
dhlhjuc� kghkbeky� b� fZl_jbZe� ^_abgl_]jbjh\Zgguo�
\f_sZxsbo�]jZgblh]g_ckh\uo�ihjh^�� 
=_heh]bq_kdh_�kljh_gb_ b�hkh[_gghklb�\u\_ljb\Z�

gby dbf[_jeblh\ jZkkfhlj_gu�h^gh\j_f_ggh�k�ZgZeh�
]bqgufb�iZjZf_ljZfb \f_sZxsbo�ihjh^. Wlh ]g_cku�
ihe_\hriZl-ibjhdk_gh\h]h khklZ\Z� k� ijh`bedZfb� b�
ijhkehcdZfb� d\Zjpblh\� b� d\Zjp-[bhlblh\uo� keZgp_\�
jZaebqghc�kl_i_gb�\u\_lj_ehklb��hl�]ebgbkluo�^h�fh�
gheblguo�ijhqguo�jZaghkl_c���H[sbc�dhglZdl�k�dbf�
[_jeblZfb� j_adbc�� k� djmlufb� �^h� km[\_jlbdZevguo��
kl_gdZfb��Hlf_ldZ� ih\_joghklb� ]g_ckh\� kh\iZ^Z_l� k�
hlf_ldZfb�ih\_joghklb�dbf[_jeblh\�ljm[db�b�i_j_oh^�
hl� h^ghc�ih\_joghklb� d� ^jm]hc ijhoh^bl [_a� j_adbo�
mklmih\��=g_cku�l_fgh-k_jh]h�p\_lZ��ihehkqZlu_��fZk�
kb\gu_��jZaebqghc�kl_i_gb�lj_sbgh\Zlhklb��ij_bfm�
s_kl\_ggh� ijhqgu_�� Djh\ey� ]g_ckh\� kdZevgh]h� fZk�
kb\Z�gZ�aZiZ^ghc�hdhg_qghklb�ljm[db�DZlhdZ�\�jZchg_�
jmqvy�gZoh^blky�gZ�hlf_ldZo� ����f��\^hev�x`gh]h�b�
k_\_jgh]h�dhglZdlh\�hgZ�ih^gbfZ_lky�^h����±����f, \�
\hklhqghc�hdhg_qghklb�^bZlj_fu ± ^h����±����f. GZ�
\k_f�ijhly`_gbb \uoh^Z�dbf[_jeblh\�gZ�gbo ijhbkoh�
^bl�hiheaZgb_�\f_sZxsbo�bo�\u\_lj_euo�]g_ckh\� 

=g_cku� b� dbf[_jeblu� i_j_djulu� ^h\hevgh�fhs�
guf�q_oehf�juoeuo�g_h]_gh\uo�b�g_h]_g-iZe_h]_gh�
\uo��ij_bfms_kl\_ggh�i_kqZgbkluo��hleh`_gbc ]jmi-

iu DZeZoZjb��Z�\�^hebg_�jmqvy�± kh\j_f_ggufb�Zeex�
\bZevgufb�b�l_ogh]_ggufb�hleh`_gbyfb�g_[hevrhc�
fhsghklb��Fhsghklv� i_kqZgh]h� q_oeZ� aZ� ij_^_eZfb�
ljm[db� khklZ\ey_l� ��±���f��<� dhglmj_� ljm[db�� gZ� __�
kdehgZo�fhsghklv�i_kdh\�\_jog_]h�kehy�kms_kl\_ggh�
f_gy_lky�b�g_�ij_\urZ_l����f��aZlh�f_`nhjfZpbhgguo�
i_kdh\� �gb`gbc� kehc�� j_adh� m\_ebqb\Z_lky� ih� f_j_�
ijb[eb`_gby�hl�i_jbn_jbb�d�p_gljm�^bZlj_fu��Kmf�
fZjgZy� fhsghklv� bo� \� p_glj_� ^hklb]Z_l� ���±���� f��
Gb`gyy� qZklv� jZaj_aZ�f_`nhjfZpbhgguo� i_kdh\� kh�
^_j`bl�jZkk_yggmx�ijbf_kv�ibdjhbevf_gblh\��ibjh�
ih\�b�m[h]h_�dhebq_kl\h�ZefZah\� 
K�p_evx�hij_^_e_gby�]ebgbkluo�fbg_jZevguo�nZa�

\u\_lj_euo ]g_ckh\�� ihkj_^kl\hf� j_gl]_gh]jZnbq_�
kdh]h� ZgZebaZ�bamqZebkv�h[jZapu�ba�\f_sZxsbo�ih�
jh^�\�mklmiZo�dZjv_jZ�ljm[db DZlhdZ��jbk� 3���<u\_lj_�
eu_�]g_cku�oZjZdl_jbamxlky�jZaebqghc�p\_lh\hc�]Zf�
fhc�b�kh^_j`Zl�fhglfhjbeehgbl��kZihgbl��dZhebgbl-
fhglfhjbehgblh\u_� kf_rZghkehcgu_� h[jZah\Zgby 
�DFKH���d\Zjp�b�]_fZlbl��J_gl]_ghZfhjngZy�nZaZ�ih�
^Zgguf�l_jfbq_kdh]h�ZgZebaZ�ij_^klZ\e_gZ�dZhebgb�
lhf�b�kf_dlblZfb��Ijb�wlhf�a_e_gh\Zlh-`_elu_�b�dh�
jbqg_\h-`_elu_� jZaghklb� kh^_j`Zl� [hevr_� fhglfh�
jbeehgblZ����±�����ih�kjZ\g_gbx�k�l_fgh�dhjbqg_\h-

[mjufb�\u\_lj_eufb� ]jZgblh]g_ckZfb�� ]^_� ij_h[eZ�
^Z_l�DFKH ± ^h 80% . 

D< dbf[_jeblh\f_sZxsbo ]g_ckh\�bf__l�hij_^_�
e_ggmx�ahgZevghklv��<_jogyy�__�qZklv����±���f��ij_^�
klZ\e_gZ�iehlgufb��l\_j^ufb�b�lm]hieZklbqgufb�km�
]ebgdZfb� `bjgufb�gZ�hsmiv�ba-aZ�h[beby�kZihgblb�
abjh\Zgguo�ijh`bedh\� d\Zjpblh\� [_eh]h�b� ]hem[h]h�
hll_gdh\��Hlq_leb\h�gZ[ex^Z_lky�mgZke_^h\ZggZy�l_d�
klmjZ�ihehkqZluo�i_j_fyluo�djmlhiZ^Zxsbo�]g_ckh\�
k�h[beb_f� a_jdZe� kdhev`_gby��ihdjuluo�`bjguf�gZ�
hsmiv��\eZ`guf�]ebgbkluf�gZe_lhf��Gb`gyy� ���±15 

f��qZklv ]ebgbklh-^j_k\ygbklh]h�khklZ\Z�k_jh\Zlh-a_�
e_gh]h b�a_e_gh\Zlh-k_jh]h p\_lZ��HgZ�\h^hgZkus_gZ��
kh^_j`bl� fgh]h� juoeh]h d\ZjpblZ ^bZf_ljhf� �±3, 

j_`_��±��ff��Ihjh^Z��aZ�bkdexq_gb_f�g_dhlhjuo�njZ]�
f_glh\��e_]dh�jZajmrZ_lky��D\Zjp-[bhlblh\u_�keZgpu�
\u\_lj_eu_�^h�kmi_k_c�beb�lhgdhieblqZlh]h�jmoeydZ��
K�]em[bgu� ��±���f�ij_h[eZ^Zxl�\u\_lj_eu_�^j_k\y�
gu_��^j_k\ygh-s_[gbklu_�ihjh^u�k�[_kihjy^hqghc�k_�
lvx�lj_sbg��I_j_oh^gZy�ahgZ�d�fZl_jbgkdbf keZ[h \u�
\_lj_euf� jZaghklyf� khklZ\ey_l� h[uqgh� �±5 f� �ahgZ�
gZqZevghc�^_abgl_]jZpbb�� 
< ij_^_eZo�jZa\blby�D< ]g_ckh\�\�mklmiZo�dZjv_jZ�

hlf_qZ_lky�jZklj_kdb\Zgb_ kl_ghd�hldhkh\�k�h[jZah\Z�
gb_f�ijhfhbg�ih�lj_sbgZf��K^\b]b�\�]g_ckZo�gZijZ\�
e_gu� \� klhjhgm� dZjv_jZ�� k� \h\e_q_gb_f� \� k^\b]h\u_�
[ehdb� ijbe_]Zxs_c qZklb� dbf[_jeblh\�� i_j_m\eZ`�
g_gghc�nbevljmxsbfbky�k�\_jogbo�]hjbahglh\�]jmg�
lh\ufb� \h^Zfb. Ihlhd� ]jmglh\uo� \h^�� jZa]jm`Zykv� \�
klhjhgm�dZjv_jZ��^hoh^bl�^h�\h^hmihjgh]h�dbf[_jeblZ�
b�\ugm`^_g�i_j_f_sZlvky�ih�dhglZdlm�k�]g_ckZfb�\gba 
ih�mklmim��ijhkZqb\Zykv�gZ�ih\_joghklv��<u\_ljb\Zgb_   
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a  b 

Jbk���. <u\_lj_eu_�dbf[_jeblh\f_sZxsb_ ]g_cku�\�x]h-aZiZ^ghc�qZklb�dZjv_jZ�ljm[db�DZlhdZ�gZ�]hjbahglZo�������Z��b�
+960 (b��f� 
[Fig. 3. Weathered kimberlite-bearing gneisses in the southwestern part of the Catoca pipe quarry at +970 (a) and +960 (b) m.] 

 

ijh^mdlh\�^_abgl_]jZpbb�]g_ckh\��ihiZ\rbo�\�djZl_j�
ljm[db��ijh^he`Zehkv�a^_kv�kh\f_klgh�k�ibjhdeZklb�
q_kdbf� dbf[_jeblh\uf�fZl_jbZehf�� \� hij_^_e_gghc�
\gh\v�h[jZah\Zgghc�nbabdh-obfbq_kdhc� kbkl_f_��LZ�
dh\u��\�p_ehf��hkgh\gu_�iheh`_gby��y\eyxsb_ky�hk�
gh\Zgb_f�bamq_gby�ijhp_kkh\��ijhoh^b\rbo�\�djZl_j_�
\�ijhrehf�b�jZ\gh\_kguo�\�kh\j_f_gguo�mkeh\byo� 
OZjZdl_jghc hkh[_gghklvx \u\_ljb\Zgby \f_sZx�

sbo�h[jZah\Zgbc b�\_jog_c�^bZlj_fh\hc�qZklb�dbf[_j�
eblh\uo� ljm[hd, \uihegyxsbo� djZl_jgmx� ihkljhcdm�
ihjh^, y\ey_lky�gZebqb_�\�dZq_kl\_�]eZ\gh]h�ihjh^hh[�
jZamxs_]h�kehbklh]h�kbebdZlZ�kZihgblZ�± fZ]g_abZev�
gh]h� nbeehkbebdZlZ b� j_ebdlh\uo� ZexfhkbebdZlh\��
ij_^klZ\e_gguo�ihe_\ufb�riZlZfb��Ih^h[gZy�Zkkhpb�
Zpby�\klj_qZ_lky�ih\k_f_klgh�\�dk_ghlmnZo�b�\�\medZ�
gh]_ggh-hkZ^hqguo�ihjh^Zo��kh^_j`Zsbo dZevpbl�b�^h�
ehfbl (jbk� 4) b�\�jZaebqghc�kl_i_gb�ijhiblZgguo�]_�
fZlblhf. DjZkguc� p\_l� b� kh^_j`Zgb_� fgh]bo� [_euo�
\dexq_gbc�\g_rg_�ijb^Zxl�ihjh^_�koh^kl\h�k�eZl_jb�
lhf�� hl� dhlhjh]h� hgZ� hlebqZ_lky�fbg_jZevguf� khklZ�
\hf��IjZdlbq_kdb�\k_�gZoh^ysb_ky� \�^Zgguo�ihjh^Zo�
fbg_jZeu�y\eyxlky�g_jZ\gh\_kgufb�\�ijhp_kk_�eZl_jb�
lbaZpbb��Ba\_klgh��qlh�eZl_jbl (ih djZcg_c�f_j_, \_jo�
gyy�_]h�qZklv� g_�̂ he`gZ�kh^_j`Zlv�dZj[hgZlh\��kf_dlb�
lh\ b�ihe_\uo�riZlh\��>ey�g__�g_�oZjZdl_j_g�b�d\Zjp��
ihkdhevdm�hg�_keb�g_�iheghklvx�jZkl\hjy_lky��lh�\�agZ�
qbl_evghc� f_j_� j_^mpbjh\Zg�� EZl_jbl� h[jZam_lky� \�
mkeh\byo�\u\_ljb\Zgby [3, 23]��dh]^Z�\f_kl_�k�hkgh\Zgb�
yfb�\ughkblky�ba�kbebdZlh\�ihqlb�\_kv�dj_fg_a_f. E_c�
dhdjZlh\u_� kbebdZlu�b�\k_�^jm]b_� Zexfhkh^_j`Zsb_�
fbg_jZeu�aZf_sZxlky�]b^jhdkb^Zfb�Zexfbgby��^Z`_�\�
D< d\Zjpkh^_j`Zsbo�ihjh^��]jZgblZo��]g_ckZo���EZl_�
jblgh_�\u\_ljb\Zgb_�\hafh`gh�ijb�hij_^_ezgguo�deb�
fZlbq_kdbo� b� ]b^jh^bgZfbq_kdbo� mkeh\byo. Ij_`^_�
\k_]h, wlh�`Zjdbc�debfZl��gbadh_�gZoh`^_gb_� a_jdZeZ�
lj_sbgguo�\h^��lj_sbgh\Zlhklv�ihjh^��h[mkeh\eb\Zx�
sZy�bo�̂ j_gZ`, b�bgl_gkb\gu_ hkZ^db��<uiZ^Zxsb_�̂ h�
`^b�h[uqgh keZ[hdbkeu_�b�khijbdhkgh\_gb_�bo�k�kbeb�
dZlZfb�\uau\Z_l�]b^jheba�ihke_^gbo��dhlhjuc�k\h^bl-

ky�d�m^Ze_gbx�hkgh\Zgbc�b�aZf_s_gbx�bo�\h^hjh^hf��
<f_kl_�k�hkgh\Zgbyfb�\ughkblky�khhl\_lkl\_ggh_�dh�
ebq_kl\h� dj_fg_a_fZ� b� m^Zeyxlky� \k_� jZkl\hjbfu_�
kheb��<�j_amevlZl_�gZ�f_kl_�bkoh^guo�fbg_jZeh\�hklZ�
xlky�]b^jhhdbkeu�Zexfbgby��lblZgZ�b�mki_\r__�hdbk�
eblvky�`_e_ah�\�\b^_ hdbkeh\�b�]b^jhhdbkeh\��Ijhbkoh�
^bl�b�m^Ze_gb_�dj_fg_a_fZ�ba�jZg__�h[jZah\Z\rboky�dZ�
hebgblh\��<�mkeh\byo�h[\h^g_gghklb�ihjh^�k\h[h^gu_�
]b^jhhdbkeu� Zexfbgby� g_� h[jZamxlky�� Z� \hagbdZxl�
\lhjbqgu_� kbebdZlu� �kbZeeblgh_� \u\_ljb\Zgb_���Ijb�
ohjhr_f�̂ j_gZ`_�gb`_�a_jdZeZ ]jmglh\uo�\h^ (l�_��\�h[�
\h^g_gghc�qZklb)��\hagbdZxl�dZhebgblu��ijb�iehohf�± 
]b^jhkex^u�b�]b^jhoehjblu��kf_dlblu� Ba�kdZaZggh]h 
ke_^m_l��qlh gb`gb_�h[\h^g_ggu_�ahgu�kh^_j`Zl�dZh�
ebgbl�b�kf_dlblu��Qlh�dZkZ_lky�dZj[hgZlh\��lh�hgb�fh�
]ml�\�\_jog_c�qZklb�ihy\blvky�lhevdh�\�j_amevlZl_�baf_�
g_gby��^Z`_�k_ahggh]h��debfZlZ��<�ih^h[guo�mkeh\byo�
\f_kl_�k�ih\ur_gb_f�s_ehqghklb�]jmglh\uo�\h^�m\_�
ebqb\Z_lky�b�dhebq_kl\h�dj_fg_dbkehlu��b�\hagbdZxl�
kbebdZlu��Gh�wlh�m`_�gZeh`_gguc�ijhp_kk��ijb�dhlh�
jhf�ihjh\u_�jZkl\hju�ih^ly]b\Zxl�d�^g_\ghc�ih\_jo�
ghklb�\f_kl_�k�hkgh\Zgbyfb�b�dj_fg_dbkehlm�b�gZ�ih�
\_joghklb�fh`_l�\hagbdgmlv�kf_dlbl� 
Ihjh^u�� \uihegyxsb_ djZl_j ^bZlj_fu, \� agZqb�

l_evghc�kl_i_gb�ij_^klZ\e_gu ijh^mdlZfb�\u\_ljb\Z�
gby� ]g_ckh\�� \dexqZxsbfb� d\Zjp�� ihe_\u_�riZlu� b 

kex^u. Hlkmlkl\m_l� beb� gZoh^blky� \� g_agZqbl_evghf�
dhebq_kl\_� dZhebgbl��Wlh� k\b^_l_evkl\m_l� h� lhf�� qlh�
\u\_ljb\Zgb_�\f_sZxsbo�ihjh^�ijhbkoh^beh�\�mkeh�
\byo�]hjgh]h�lbiZ�i_g_ie_gZ��dh]^Z�^_abgl_]jZpby�ih�
jh^��nbabq_kdh_�\u\_ljb\Zgb_��agZqbl_evgh�hi_j_`Zeh�
bo�obfbq_kdh_�jZaeh`_gb_��H[jZah\Zgb_�djZl_jZ�]em[b�
ghc� [he__� ���� f ijb\_eh� d� \hagbdgh\_gbx� f_klgh]h�
]hjgh]h� j_ev_nZ��GZ� \uoh^Zo� \f_sZxsbo� ihjh^� \ha�
gbdeZ�^j_k\Z��dhlhjZy�k_e_\ufb�ihlhdZfb�kghkbeZkv�\�
djZl_jgmx�ihehklv��<k_� wlh�ijhbkoh^beh�ijb�iehohf�
^j_gZ`_�lj_sbgguo�\h^��h[bevguo�hkZ^dZo�b�k_ahgguo�
baf_g_gbyo�debfZlZ��QZklv�i_kqZgbdh\�fh]eZ�ihiZklv�\�
djZl_j�\�m`_�]hlh\hf�\b^_� 



Hkh[_gghklb�dhju�\u\_ljb\Zgby�dbf[_jeblh\�k_\_jh-\hklhdZ�:g]heu 
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Jbk���� G_baf_gzggu_�dbf[_jeblu�gb`gbo�qZkl_c�
jZaj_aZ�ljm[db�DZlhdZ. 
[Fig. 4. The unchanged kimberlites of the lower parts 

of the Catoca pipe section.] 
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<�hlebqb_�hl�[Zablh\�dZhebgbaZ�
pby� dbkeuo� ihjh^� ijhbkoh^bl� \h�
fgh]h�jZa�f_^e_gg__�>������@��Ijbqb�
ghc�lhfm�[hevrZy�mklhcqb\hklv�dbk�
euo� ieZ]bhdeZah\� b� dZebriZlh\�� Z�
lZd`_�gZebqb_�d\ZjpZ��Wlh�ijb\h^bl�
d�h[jZah\Zgbx�fhsghc�ahgu�^j_k\u��
<hafh`gu� lZd`_� ij_h[jZah\Zgby�
]b^jhdkb^h\� Zexfbgby� b� dZhebgb�
lh\� \� kZfhf� djZl_j_�� ]^_� mklZgh\b�
eZkv�s_ehqgZy�kj_^Z��gZebqb_�dZj[h�
gZlh\���Ihkdhevdm�kZihgbl�\klj_q_g�
b�\�D<�]g_ckh\��lh�\hagbdZ_l�\hijhk�
h[�h[h]Zs_gbb�kbkl_fu�fZ]gb_f��<�
]g_ckZo�^h�����[bhlblZ�b�ijb�\u\_l�
jb\Zgbb�`_e_ah�h[hkh[ey_lky�\�\b^_�
hdkb^h\�beb�]b^jhhdkb^h\��Z�fZ]gbc�
\oh^bl� \� gh\hh[jZah\Zggu_� fbg_�
jZeu� 
=eZ\gu_�bkoh^gu_�ihjh^hh[jZam�

xsb_�fbg_jZeu��dhlhjufb�keh`_gu�
\uihegyxsb_�djZl_jgmx�ihkljhcdm�
ihjh^u��fh`gh�jZa^_eblv�gZ�dbf[_j�
eblh\u_� b� dk_gh]_ggu_�� D� i_j\uf�
hlghkylky�ojhf^bhikb^�b�neh]hibl��
GZebqb_�dZevpblZ�ij_^iheZ]Z_lky�ih�
hij_^_e_gbx� ^ey� g_dhlhjuo� h[jZa�
ph\�ih�j_Zdpbb�k�GCl��Heb\bg�a^_kv�
hlkmlkl\m_l��Ba�^jm]bo�BFD�h[gZjm�
`_gu� ibjhiu�� ibdjhbevf_gblu� b�
ribg_eb^u�� L_jjb]_gguc� fZl_jbZe�
ba� \f_sZxsbo� ihjh^� ij_^klZ\e_g�
d\Zjp_f��ieZ]bhdeZahf��ibjhdk_ghf��
dZebriZlhf� b� [bhlblhf�� Ijbkml�
kl\mxl�lZd`_�Zfnb[heu��jh]h\Zy�h[�
fZgdZ�b� lj_fhebl���Ihke_^gbc� \f_�
kl_�k�k_ji_glbghf�hlghkblky�d�Z\lh�
f_lZfhjnbq_kdbf� h[jZah\Zgbyf�� Z�
jh]h\Zy�h[fZgdZ� d�qm`^uf�dbf[_j�
eblZf� ihjh^Zf��<k_� b^_glbnbpbjh�
\Zggu_� fbg_jZeu� \� l_jfZevguo�
mkeh\byo� beb� \� ijhp_kk_� obfbq_�
kdh]h� \u\_ljb\Zgby� ih^\_j]Zxlky�
]b^jhebam�� Kbevgu_� hkgh\Zgby� \u�
s_eZqb\Zxlky�� Z�bo�f_klh� aZgbfZ_l�
\h^hjh^��Kehbklu_�kbebdZlu�\�[hev�
rbgkl\_�kemqZ_\�ljZgknhjfbjmxlky�
\� ^jm]b_� kh_^bg_gby� kh� kehbklhc�
kljmdlmjhc��HklZevgu_�jZajmrZxlky�
iheghklvx� b� k� j_ebdlh\� bkoh^ghc�
kljmdlmju��dj_fg_dbkehjh^guo�l_l�
jZw^jh\��nhjfbjmxlky� gh\u_� kbeb�
dZlu� 
<�p_ehf�`_�ihjh^u� dbf[_jeblh�

\hc�ljm[db��jbk���� keh`_gu�fbg_jZ�
eZfb��Z��km]m[h�dbf[_jeblh\ufb�b�bo�
ijhba\h^gufb� �ibjhdk_ghf�� neh]h�
iblhf�� k_ji_glbghf�� dZevpblhf, Zd�
p_kkhjbyfb���[��\f_sZxsbo�]g_ckh\ 

 

Jbk���� <u\_lj_eu_�dbf[_jeblu�\_jogbo�qZkl_c�jZaj_aZ�ljm[db�DZlhdZ. 
[Fig. 5. Weathered kimberlites of the upper parts of the Catoca pipe section.] 
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(d\Zjp�ihe_\u_� riZlu�� ibjhdk_gu�� Zfnb[heu�� kex-

^u���\��\u\_lj_euo�b�bgnbevljZpbhgguo�h[jZah\Zgbc�
�dZhebgblhf��kf_dlblhf��dZevpblhf��̂ hehfblhf��hdbk�
eZfb�b�]b^jhhdbkeZfb�`_e_aZ�� 
G_dhlhju_�fbg_jZeu� kh^_j`Zlky�dZd�\h�\f_sZx�

sbo�ihjh^Zo��lZd�b�\�dbf[_jeblZo��=g_cku�djbklZeeb�
q_kdh]h� nmg^Zf_glZ djhf_� ibjhdk_gh\�� Zfnb[heh\��
kex^ g_j_^dh�kh^_j`Zl�_s_�]jZgZl�b�bevf_gbl��<�keZg�
pZo� ijbkmlkl\m_l� [bhlbl�� <k_� i_j_qbke_ggu_� fbg_�
jZeu�fh]ml�gZoh^blvky�\�aZf_lghf�dhebq_kl\_��Z�bgh�
]^Z�bo�^hklZlhqgh�fgh]h��Ihwlhfm�ih�gZebqbx�ex[h]h�
ba�gbo�g_evay�[_a�fbdjhahg^h\h]h�ZgZebaZ�hij_^_eblv�
khklZ\�bkoh^ghc�ihjh^u��ba�dhlhjhc wlhl�fbg_jZe�ih�
iZe�\�dbf[_jeblh\mx�ljm[dm��Ba\_klgh��qlh�]b^jh[bh�
lbl� \hagbdZ_l��ij_`^_� \k_]h�� aZ� kq_l�baf_g_gby� [bh�
lblZ��Z�\_jfbdmebl�jZa\b\Z_lky�ih�neh]hiblm��GZebqb_�
h[hbo�fbg_jZeh\�\�baf_g_gguo�dbf[_jeblh\uo�ihjh�
^Zo�k\b^_l_evkl\m_l�h jZaebqguo�bklhqgbdZo�bo�ijh�
bkoh`^_gby� 
<\b^m�h[sghklb�n_fbq_kdbo�fbg_jZeh\�^ey�dbf�

[_jeblh\�b�\f_sZxsbo�ihjh^�djbklZeebq_kdh]h�nmg�
^Zf_glZ�j_i_jhf�fh`_l�y\eylvky�jZkij_^_e_gb_�[he__�
mklhcqb\uo�ih�hlghr_gbx�d�\lhjbqguf�baf_g_gbyf�
kh_^bg_gbc�± d\ZjpZ��dZeb_\h]h�ihe_\h]h�riZlZ��dbk�
euo�ieZ]bhdeZah\��j_ebdlu�dhlhjuo�\klj_qZxlky�ih�
\k_f_klgh�� <uihegyxsb_� djZl_jgmx� ihkljhcdm� ih�
jh^u�ij_^klZ\eyxl�kh[hc�kf_kv�]_g_lbq_kdb�g_k\yaZg�
guo�f_`^m�kh[hc�fbg_jZeh\��dhlhju_�ihke_�ihiZ^Zgby 
gZ� ^g_\gmx� ih\_joghklv� \u\_ljb\Zebkv�� Z� ijh^mdlu�
jZajmr_gby�kghkbebkv�\�h[jZah\Z\rbcky fZZj��aZihe�
gy\rbcky�ihkl_i_ggh�fZl_jbZehf D<. Hlf_qZxlky g_�
\u\_lj_eu_ fbg_jZeu kj_^b�\medZgh]_ggh-hkZ^hqguo�
h[jZah\Zgbc�ljm[db��Hgb�lZd`_�ijbkmlkl\mxl�\�dhglZ�
fbgbjh\Zgguo� dbf[_jeblh\uo� [j_dqbyo�� qlh� k\b^_�
l_evkl\m_l�h�gZebqbb ^j_k\ygbklhc�D< ]g_ckh\��\_s_�
kl\h dhlhjhc�[ueh aZo\Zq_gh ijb�\aju\ghf�ba\_j`_�
gbb. Keh`gufb�^ey�bgl_jij_lZpbb�y\eyxlky�ij_h[jZ�
ah\Zgby kf_kb�ihjh^��gZdhib\rboky \�djZl_jghc�iheh�
klb��Ij_`^_�\k_]h� \Z`gu�ij_h[jZah\Zgby in situ ([_a�
ijb\ghkZ� jZkl\hjZfb� dhfihg_glh\� kh� klhjhgu)�� l�_��
h[uqgh_� baf_g_gb_� k� h[jZah\Zgb_f� hklZlhqghc� D<, 

kgZ[`Z\r_c�h[jZah\Z\rbcky�djZl_j�fZl_jbZehf��<u�
\_ljb\Zgbx� ij_^r_kl\h\Zeb� ]b^jhl_jfZevgu_� ijh�
p_kku��dhlhju_�ijb\_eb�d k_ji_glbgbaZpbb�heb\bgZ�b�
qZklbqghfm�baf_g_gbx�ibjhdk_gh\�b�kex^� 
?klv�hkgh\Zgb_�ij_^iheZ]Zlv��qlh�debfZl�^h�\g_^�

j_gby� dbf[_jeblh\hc� fZ]fu� [ue� [ebadbf� d� gZklhy�
s_fm� `Zjdhfm� k� dhgljZklguf� ihk_ahgguf� baf_g_�
gb_f�\eZ`guo�b�aZkmreb\uo�i_jbh^h\��H[�wlhf�k\b^_�
l_evkl\m_l� khklZ\� h[\Zeb\rboky� \� djZl_j� ihjh^�� J_�
ev_n�^Zgghc�l_jjblhjbb�\ha\ur_gguc��^h\hevgh�jZk�
qe_g_gguc��<�ijhp_kk_�\u\_ljb\Zgby�kha^Zxlky hij_�
^_e_ggu_�nbabdh-obfbq_kdb_�mkeh\by�gZ�dZ`^hf�dhg�
dj_lghf�mqZkld_��dhlhju_�dhgljhebjmxlky�\ur_mih�
fygmlufb� nZdlhjZfb�� Kj_^b� gbo� qZklh� fh`_l� f_�
gylvky� lhevdh� debfZl��Ihke_^gbc� hij_^_ey_l� khklZ\�
\lhjbqguo� ijh^mdlh\�� dhlhju_� fh]ml� kms_kl\h\Zlv�
lhevdh�\�^Zgghc�dhgdj_lghc�h[klZgh\d_��;m^mqb�\j_�
f_ggh dhg_qgufb��hgb�ij_h[jZamxlky� \� ^jm]b_�� klZ-

[bevgu_�\�bguo�mkeh\byo� 
<�\_jog_c�ijbih\_joghklghc�qZklb�dbf[_jeblh\hc�

ljm[db ijhbkoh^bl�g_dhlhjh_�i_j_^\b`_gb_�ih�\_jlb�
dZeb�ahgu� h[h]Zs_gghc�dZj[hgZlhf�dZevpby��J_gl]_�
ghf_ljbq_kdbf� ZgZebahf ba� dZj[hgZlh\� mklZgh\e_gh 

^\Z� fbg_jZeZ� ± dZevpbl� b� ^hehfbl (jbk. 6). Fh`gh 

ij_^iheh`blv�ijbkmlkl\b_� \ hibku\Z_fuo�h[jZah\Z�
gbyo� ZjZ]hgblZ�� oZjZdl_jgh]h ^ey iZjZ]_g_lbq_kdhc�
ZkkhpbZpbb�k�^hehfblhf \hh[s_, b�^ey�Zihdbf[_jeb�
lh\ \�qZklghklb. 

Ih�^Zgguf�jZkij_^_e_gby�fbg_jZeh\�\ \_jog_c�qZ�
klb� dbf[_jeblh\hc� ljm[db� gZ[ex^Zxlky� hij_^_e_g�
gu_�hkh[_gghklb��\_jogyy�qZklv�dbf[_jeblh\h]h�l_eZ�
h[h]Zs_gZ�d\Zjp_f��ihe_\ufb�riZlZfb, [hevrbf dh�
ebq_kl\hf kZihgblZ. < gb`g_c�qZklb�ij_h[eZ^Z_l�k_j�
i_glbg��kh^_j`Zgb_ dhlhjh]h�gZoh^blky�\�h[jZlghc�aZ�
\bkbfhklb� hl� dhebq_kl\Z� kf_dlblZ. <� \_jog_c� qZklb�
^bZlj_fu�gZ�]em[bg_�ijbf_jgh�����f�hl�ih\_joghklb 

\�dbf[_jebl_ \klj_q_gZ�ZkkhpbZpby�kehbkluo�fbg_jZ�
eh\��hlebqZxsZyky�hl�i_j_dju\Zxsbo�b�ih^klbeZx�
sbo�ihjh^. Dhfie_dkgh_ bkke_^h\Zgby�lhgdh^bki_jk�
guo�\u^_e_gbc�ba�wlbo�ihjh^�iha\hebeb�b^_glbnbpb�
jh\Zlv�>26, 26@�\�kf_kb�kZihgbl�\�ZkkhpbZpbb�k�ebaZj�
^blhf�kljmdlmjgh]h�lbiZ�:��Zkkhpbbjmxsbf�k�g_[hev�
rhc�ijbf_kvx�fh^bnbdZpbb��L��Ijb�wlhf�fh^bnbdZ�
pbb�:�k\hckl\_ggZ�ihem[_kihjy^hqgZy��Z�^ey��L�± [h�
e__� \ukhdZy� kl_i_gv� kh\_jr_gkl\Z� kljmdlmju��<� hl�
^_evguo� mqZkldZo� hibku\Z_fuo� ihjh^� \� ijhp_kk_�
ihklfZ]fZlbq_kdbo�b�]bi_j]_gguo�ij_h[jZah\Zgbc h[�
jZam_lky� \i_j\u_� b^_glbnbpbjh\Zggh_� gZfb� >28±30] 

mihjy^hq_ggh_� ebaZj^bl-kZihgblh\h_� kf_rZghkehc�
gh_�h[jZah\Zgb_ �EKKH���Bkoh^y�ba�\ukhl�kZihgblh�
\h]h��a���c��b�ebaZj^blh\h]h�������c��kehz\, ^ey�b^_g�
lbnbpbjh\Zggh]h�kf_rZghkehcgh]h h[jZah\Zgby�mklZ�
gh\e_gZ�\ukhlZ�_]h�djbklZeebq_kdhc�j_rzldb��^bZ]gh�
klbq_kdh]h�i_j\h]h�[ZaZevgh]h�j_ne_dkZ� ijbf_jgh�\�
���c��MklZgh\e_gZ�djbklZeehobfbq_kdZy�fh^_ev�b^_g�
lbnbpbjh\Zggh]h�ebaZj^bl-kZihgblZ��]^_�ih�ghjfZeb�
d�kehyf�mihjy^hq_ggh�q_j_^mxlky�����kehb�ebaZj^blZ�
b�����kZihgblZ��jZa^_ezggu_�f_`keh_\ufb�ijhf_`ml�
dZfb�jZagh]h�lbiZ��H[f_ggu_�dZlbhgu��\�hkgh\ghf�KZ��
b�fhe_dmeu�G2H�\�hldjuluo�f_`keh_\uo�ijhf_`mldZo�
kljmdlmju� fbg_jZeZ� jZkiheZ]Zxlky� f_`^m� ^\mfy�
kf_`gufb�l_ljZw^jbq_kdbfb�k_ldZfb�����b�����kehz\� 
<�f_`keh_\hf�ijhf_`mld_��h[jZah\Zgghf�^jm]hc�l_l�
jZw^jbq_kdhc� k_ldhc� ���� kehy� b� hdlZw^jbq_kdhc� ����
kehy��^_ckl\mxl�\h^hjh^gu_�k\yab�f_`^m�ZlhfZfb�G�
\g_rgbo�]b^jhdkbeh\�hdlZw^jbq_kdhc�H[Za l_ljZw^jb�
q_kdbo� k_lhd��Kehb� ����iheyjgu��bo� l_ljZw^jbq_kdb_�
k_ldb��ijbfudZxsb_ d�hdlZw^jbq_kdhc�b�l_ljZw^jbq_�
kdhc�k_ldZf�����kehy��jZaebqZxlky�ih�dZlbhgghfm�kh�
klZ\m�± Si b�Si, Al khhl\_lkl\_ggh� 
<�gb`g_c�qZklb�hibku\Z_fh]h�jZaj_aZ�ihjh^u�kh�

^_j`Zl�ij_bfms_kl\_ggh�ebaZj^bl��h[jZamxsbcky�aZ�
kqzl�ij_h[jZah\Zgby�heb\bgZ��<�[hevr_c�qZklb� wlhc�
lhesb� ebaZj^bl� Zkkhpbbjm_l� k� kZihgblhf�� y\eyx�
sbfky� ijh^mdlh\� ihke_^h\Zl_evgh]h� baf_g_gby� k_j�
i_glbgZ� \� mkeh\byo� ih\ur_gby� dbkehlghklb� kj_^u��
k\yaZgghc�k�\aZbfh^_ckl\b_f�dbf[_jeblh\h]h�fZl_jb- 
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ZeZ�k�\f_sZxsbfb�^bZlj_fm�dbkeufb�ih�
jh^Zfb��<�D; hlf_q_gZ�ZkkhpbZpby�ebaZj�
^blZ�k mihjy^hq_gguf�EKKH��<�hlebqb_�hl�
wlh]h��\�hleh`_gbyo�\medZgh]_ggh-hkZ^hq�
ghc� lhesb� k_ji_glbg� ijZdlbq_kdb� ihegh�
klvx�bkq_aZ_l�b�\�^bki_jkghc�qZklb�ijbkml�
kl\m_l� kZihgbl� k� i_j_f_gghc� ijbf_kvx�
kex^u��LZdh_ jZkij_^_e_gby�kehbkluo�fb�
g_jZeh\�iha\hey_l ml\_j`^Zlv�� qlh�bkoh^�
guf�fbg_jZehf� mdZaZgghc� ihke_^h\Zl_ev�
ghklb�gZ�ihklheb\bgh\hc�klZ^bb�baf_g_gby�
dbf[_jeblh\�̂ bZlj_fu�y\ey_lky�k_ji_glbg� 
KZihgbl�b�kf_dlbl \hagbdeb��ih�\k_c�\_�

jhylghklb�� \ke_^kl\b_� kbebnbdZpbb� k_j�
i_glbgZ��JZagbpZ�aZdexqZ_lky�\�lhf��qlh�gZ�
h[jZah\Zgb_�i_j\h]h�ba�gbo�[ue�bajZkoh^h�
\Zg� \_kv� �beb� ihqlb� \_kv�� k_ji_glbg�� ih�
kdhevdm�kj_^Z�[ueZ�[h]ZlZ�SiO2 b�Al2O3 �ih�
e_\u_�riZlu�b�d\Zjp���Z�kf_dlbl \hagbd�aZ�
kq_l� kZfh]h� k_ji_glbgZ�� Z� lZd`_ ibjhdk_�
gh\� b� Zfnb[heh\�� kh^_j`Zsbo� ih� kjZ\g_�
gbx�k�heb\bghf�b�k_ji_glbghf�ih\ur_g�
gh_�dhebq_kl\h�dj_fg_a_fZ��AgZqbl_evgmx�
qZklv�fZ]g_abb�ijb�wlhf�hlgye�m�kbkl_fu�\�
ijhp_kk_�k\h_c�djbklZeebaZpbb�b�^hehfbl� 
Kf_dlbl��ih�\k_c�\_jhylghklb��ij_^klZ\e_g�
lh`_�fZ]g_abZevghc�jZaghklvx��dhlhjZy�ih�
khklZ\m�[he__�\k_]h�hl\_qZ_l�klb\_gkblm��m�
dhlhjh]h�� \� hlebqb_� hl� kZihgblZ�� hlkml�
kl\m_l� aZf_s_gb_� \� dj_fg_dbkehjh^ghc�
k_ld_�dj_fgby�Zexfbgb_f��Z�g_dhlhjZy�g_�
o\ZldZ�hdlZw^jbq_kdbo�dZlbhgh\�g_�fh`_l�
h[_ki_qblv� lhevdh� g_agZqbl_evguc� aZjy^�
kehy�\�p_ehf�b�dhfi_gkZpby�ijhbkoh^bl�aZ�
kq_l� ih]ehs_ggh]h� dZevpby�� LZdbf� iml_f�
\hagbdZxl� kf_rZghkehcgu_� h[jZah\Zgby��
dhlhju_�fh]ml�h[jZah\Zlvky�dZd�aZ�kq_l�km�
s_kl\mxs_]h�k_ji_glbgZ��lZd�b�\�ijhp_kk_�
baf_g_gby� debghibjhdk_gZ�� dh]^Z� aZ� _]h�
kq_l�\hagbdZ_l�kf_dlbl� �\_jg__��kf_dlblh�
ih^h[gu_�kex^u��hq_\b^gh�[ebadb_�d�klb�
\_gkblm��b�k_ji_glbg� 
Bgl_jij_lbjmy� bf_xsb_ky� j_amevlZlu�

bkke_^h\Zgby� ih� d_jgm hihjguo� kd\Z`bg, 

fh`gh�\u^_eblv�ahgu�ijhnbey�D< dbf[_j�
eblh\uo�ihjh^��Ba�ihkljh_gguo�ih�j_amev�
lZlZf� j_gl]_gh]jZnbq_kdbo� bkke_^h\Zgbc�
^bZ]jZff� ke_^m_l (jbk� 6)�� qlh� gZb[he__�
jZaghh[jZaghc� \� fbg_jZevghf� hlghr_gbb�
y\ey_lky� \medZgh]_ggh-hkZ^hqgZy� lhesZ. 
;hevrbgkl\h�fbg_jZeh\�\medZgh]_ggh-hkZ�
^hqguo�ihjh^�\�gb`g_c�qZklb�jZaj_aZ�g_�\klj_qZxlky��
D�lZdh\uf�hlghkblky�d\Zjp��ihe_\u_�riZlu��\_jfbdm�
ebl��Zfnb[he��dZhebgbl�b�]_fZlbl��QZklv�ba�wlbo�b�^jm�
]bo�fbg_jZeh\�g_khfg_ggh�ijb\g_k_gu� �\�qZklghklb��
ihe_\u_�riZlu���qZklv�\hagbdeZ�\�ijhp_kk_�klZgh\e_�
gby� kZfhc� ihjh^u� beb� ^Zevg_cr_]h� __� baf_g_gby��
\dexqZy�\u\_ljb\Zgb_��D�g_khfg_ggh�ijb\g_k_gguf�
hlghkylky�ihe_\u_�riZlu��d\Zjp�� agZqbl_evgZy�qZklv�

kex^��Zfnb[heu��GZ�f_kl_�h[jZah\Zeky��ih�\k_c�\_jh�
ylghklb��]_fZlbl��b��\hafh`gh��dZhebgbl�b�kf_dlblu��Z�
lZd`_�dZj[hgZlu��Ihke_^gb_�\�ljhibdZo��dZd�ba\_klgh��
\�aZ\bkbfhklb�hl�bgl_gkb\ghklb�hkZ^dh\��fh]ml�i_j_�
f_sZlvky�gZ�hij_^_e_ggh_�jZkklhygb_�\gba�beb�\\_jo��
K_ji_glbg�\�wlbo�h[jZah\Zgbyo�g_�mklZgh\e_g� 
Ihqlb�iheghklvx� wlb�ihjh^u�ijhiblZgu� i_eblh�

fhjnguf�]_fZlblhf��Z�agZqbl�bo�ke_^m_l�hlg_klb�d�D< 

 

Jbk���� JZkij_^_e_gb_�\lhjbqguo�fbg_jZeh\�ih�hihjghfm�jZaj_am�kd\Z�
`bgu�ijhc^_gghc�\�p_gljZevghc�qZklb�ljm[db�DZlhdZ� 
1 ± f_`nhjfZpbhggu_�i_kdb��2 ± i_j_hleh`_ggu_�wdkiehab\gh-h[ehfhq�
gu_�ihjh^u��3 ± \medZgh]_ggh-hkZ^hqgu_�ihjh^u��4 ± dbf[_jeblh\u_�[j_d�
qbb�� 
[Fig. 6. Distribution of secondary minerals along the reference section of a 

well drilled in the central part of the Catoca pipe: 1 ± interformational sands; 

2 ± redeposited explosive±clastic rocks; 3 ± volcanic±sedimentary rocks; 4 ± kim-

berlite breccias.] 
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\medZgh]_ggh-hkZ^hqguo�ihjh^��< wex\bb ijhbahreZ�
dZhebgbaZpby� ihe_\uo� riZlh\�� \_jfbdmeblbaZpby�
kex^�b�h[jZah\Zgb_ dZj[hgZlh\�\�\b^_�k_lb�ijh`be�
dh\��<k_�wlb�fbg_jZeu��lZd�beb�bgZq_��g_�fh]ml�kem�
`blv�[_aZevl_jgZlb\guf�j_i_jhf�ijb�\u^_e_gbb�hl�
^_evguo�ahg��Bg^bdZlhjZfb�fh]ml�kem`blv�dZj[hgZlu�
dZevpby��dhlhju_�\k_]^Z�qmldh�j_Z]bjmxl�gZ�pH kj_^u��
DZevpbl��b�ZjZ]hgbl��h[uqgh�g_�mklhcqb\u ijb�ihgb�
`_gbb�pH��qZklhf�ijhfu\Zgbb�ihjh^��ihkdhevdm�^h`�
^_\Zy�\h^Z�\k_]^Z� keZ[hdbkeZy��?keb�ijbjZ\gylv�\kx�
D< d�lZdh\hc�^ey�mevljZhkgh\guo�ihjh^��lh�ijb�ihe�
ghf� ijhnbe_� kh]eZkgh� mklZgh\b\r_cky� ljZ^bpbb�
^he`gu�[ulv�ahgu�ghgljhgblh\��dhlhjuo \�gZr_f�kem�
qZ_�ijZdlbq_kdb�g_l� b�ahgu�hoj��g_j_^dh�khijh\h`^Z�
_fuo�d\Zjp_f��Ijbkmlkl\mxsb_�\ D<�ihe_\u_�riZlu��
dZd b�Zkkhpbbjmxsbc�k�gbfb�d\Zjp, hlg_k_gu d�l_jjb�
]_gguf�h[jZah\Zgbyf��bklhqgbdhf�dhlhjuo�y\eyxlky�
\f_sZxsb_�^bZlj_fm�]g_cku�� 
:gZeba�obfbq_kdh]h�khklZ\Z�bamqZ_fuo�h[jZah\Z�

gbc� ihdZaZe� kms_kl\_ggu_� \ZjbZpbb� dhgp_gljZpbb�
\k_o� i_ljh]_gguo� dhfihg_glh\�� dhlhju_� ^h\hevgh�
[ebadb�^ey�^jm]bo�lbih\�dbf[_jeblh\uo�ihjh^��ID��
:D;� b� D;�� ijb� ih\ur_gghc� jheb� dj_fg_azfghklb�
\medZgh]_ggh-hkZ^hqguo�b� wibdeZklbq_kdbo�h[jZah�
\Zgbc��dhlhjuf�k\hckl\_ggu�lZd`_�ih\ur_ggu_�dhg�
p_gljZpbb�szehq_c��hdkb^h\�gZljby�b�dZeby��ijb�ih�
gb`_gghc jheb�fZ]g_abb� b�`_e_aZ��Ijb� i_j_oh^_� d�
kh[kl\_ggh�dbf[_jeblh\uf�h[jZah\Zgbyf�^bZlj_fh�
\hc�qZklb� �]em[bgu�gb`_� ����f�� dhebq_kl\h�hdkb^Z�
fZ]gby�aZf_lgh�m\_ebqb\Z_lky��Z�dj_fg_azfZ�mf_gv�
rZ_lky�ijb�kms_kl\_ggh�ijhy\e_gghc�dhgljZklghklb�
kh^_j`Zgbc� >15]. Kj_^gb_� kh^_j`Zgby� we_f_glh\-
ijbf_k_c� \� jZaebqguo� ]_g_lbq_kdbo� ]jmiiZo� ihjh^�
h[gZjm`b\Zxl�l_g^_gpbx�ihkl_i_ggh]h�mf_gvr_gby�
kj_^gbo�dhgp_gljZpbc�agZq_gbc�Cr, Ni, Co, Zn b�Sr \�
gZijZ\e_gbb� hl� dbf[_jeblh\uo� ihjh^� ]biZ[bkkZev�
ghc�b�`_jeh\hc nZpbc�d�h[jZah\Zgbyf�djZl_jghc�qZ�
klb��Gbd_ev \_^zl�k_[y�dZd�Zgl]hgbkl�ih�hlghr_gbx�
d�^jm]bf�we_f_glZf-ijbf_kyf��ihkl_i_ggh�m\_ebqb�
\Zy� iheh`bl_evgmx� dhjj_eypbx� k� dh[Zevlhf� ih�
gZijZ\e_gbx�hl�dbf[_jeblh\�d�\medZgh]_ggh-hkZ^hq�
guf�h[jZah\Zgbyf��Hlghr_gb_�Ni/Co��oZjZdl_jbamx�
s__�h[uqgh�]em[bgghklv�h[jZah\Zgby�bkoh^guo�jZk�
ieZ\h\��bf__l�^h\hevgh�\ukhdb_�agZq_gby��\�kj_^g_f�
\ur_�����^hklb]Zy�\�D;�����).  

 

AZdexq_gb_ 

LZdbf�h[jZahf��bamq_ggmx�D< \medZgh]_ggh-hkZ�
^hqguo�ihjh^�fh`gh�jZa^_eblv�gZ�[_kdZj[hgZlgmx�b�
dZj[hgZlgmx��DZhebgbaZpby�ihe_\uo�riZlh\�ijhbkoh�
^beZ�� hq_\b^gh�� gZ� f_kl_� �in situ��� h� q_f� k\b^_l_ev�
kl\m_l�kh\f_klgh_�gZoh`^_gb_�_]h�k�ieZ]bhdeZahf��ih�
dhlhjhfm� dZhebgblu� \� [hevrbgkl\_� kemqZ_\� h[jZam�
xlky�^Z`_�\�mkeh\byo��g_[eZ]hijbylguo�^ey�jZa\blby�
^Zggh]h�ijhp_kkZ��:gZebabjmy�jZkij_^_e_gb_�fbg_jZ�
eh\�ih� jZaj_aZf dbf[_jeblh\uo�ihjh^��fh`gh� hlf_�
lblv��qlh \u\_lj_eu_ dbf[_jeblh\u_� [j_dqbb jZa^_�
eblv�gZ�hl^_evgu_�ahgu�ih�fbg_jZevghfm�khklZ\m�^h�
\hevgh�aZljm^gbl_evgh��K_ji_glbg��dhlhjuc�y\ey_lky�

]eZ\guf� j_ebdlh\uf�fbg_jZehf� lhc� qZklb�D<�� ijb�
kmlkl\m_l� \h� \k_f� ^Zgghf� bgl_j\Ze_� \iehlv� ^h� ]em�
[bgu�����f��Zkkhpbbjmy�kh�kex^hc�b�dZevpblhf��Kf_d�
lblu��kZihgbl�b�ghgljhgbl��hlkmlkl\mxl�\�\_jog_c�qZ�
klb�\u\_lj_euo�dbf[_jeblh\��qlh�\hafh`gh�k\yaZgh�k 
[hdh\uf�ih^lhdhf�lj_sbgguo�\h^, ijb\_^rbf�d�h[�
jZah\Zgbx k\h_]h jh^Z�ebg_cghc�D<. 

<�hlghr_gbb�kh[kl\_ggh�dbf[_jeblh\hc�qZklb�^b�
Zlj_fu�fh`gh�ml\_j`^Zlv��qlh�\kdjulu_�b�bamq_ggu_�
ihjh^u�hlghkylky d�lbibqguf�h[jZah\Zgbyf�D<��Bam�
q_gguc�ijhnbev�D< fh`gh�jZa^_eblv��bkoh^y�ba� kh�
klZ\Z�b�kljmdlmju�bkoh^guo�ihjh^��gZ�gb`gxx�b�\_jo�
gxx�ahgu��Gb`gyy qZklv�D<��dhlhjZy�h[jZah\ZeZkv�ih�
:D;��hlg_k_gZ d� ahg_�^_abgl_]jZpbb� �]b^jheba� a^_kv�
mf_gvrZ_lky��l�d��m�k_ji_glbgZ�[hevr_�\h^hjh^Z��q_f�
m�kf_dlblh\�� <_jogyy�ahgZ jZa^_e_gZ gZ�[_kdZj[hgZl�
gmx b�dZj[hgZlgmx� <�p_ehf��ijhnbev�D< gZ�dbf[_j�
eblZo� k_\_jh-\hklhdZ� :g]heu ih� k\h_fm� khklZ\m��
kljmdlmj_�b�l_dklmj_�y\ey_lky�oZjZdl_jguf�^ey�ihjh^�
wlh]h�k_f_ckl\Z��Lbih\u_�gh\hh[jZah\Zgby�ij_^klZ\�
e_gu�k_ji_glbghf��h[jZah\Z\rbfky�\ke_^kl\b_�]b^jh�
ebaZ� kbebdZlh\ �\�i_j\mx�hq_j_^v�heb\bgZ��\� ]b^jh�
l_jfZevguo� mkeh\byo��<k_� ihjh^u� keZ[hwjh^bjh\Zg�
guo�ljm[hd ij_l_ji_eb�bgl_gkb\gu_�\lhjbqgu_�baf_�
g_gby�� \dexqZy� \u\_ljb\Zgb_�� dhlhjh_� bgl_gkb\gh�
ijhoh^beh�[eZ]h^Zjy�\hagbdgh\_gbx�k_jbb�lj_sbg��Z 
lZd`_� h[jZah\Zgbx djZl_jghc� \iZ^bgu�� \� dhlhjmx�
kghkbeky�b�fZl_jbZe�^_abgl_]jbjh\Zgguo�\f_sZxsbo�
]g_ckh\uo� ihjh^�� JZajmr_gb_� ihke_^gbo� ijh^he`Z�
ehkv�\�fZZj_ kh\f_klgh�k�ibjhdeZklbq_kdbf�fZl_jbZ�
ehf��<�j_amevlZl_�\�\_jog_c�qZklb�djZl_jZ�\hagbdeZ�i_�
j_f_s_ggZy D< aZ�kq_l�kZfh]h�`_�wex\by� 
Ijb� ]bi_j]_ggh-f_lZkhfZlbq_kdhf baf_g_gbb 

dbf[_jeblh\� j_]bhgZ� fh`gh� hlf_lblv ^\Z� ijhp_kkZ��
I_j\uc�± ihwlZigh_�ij_\jZs_gb_�heb\bgZ�\�\ukhdh�
l_fi_jZlmjguc�� Z� aZl_f� b� gbadhl_fi_jZlmjguc� k_j�
i_glbg��<lhjhc� ± ^_]jZ^Zpby� k_ji_glbgZ� k� h^gh\j_�
f_gguf�\hagbdgh\_gb_f�k_jbb�jZa[moZxsbo�fbg_jZ�
eh\��gZqbgZy�k�kZihgblZ�q_j_a�jy^�ijhf_`mlhqguo�f_�
lZklZ[bevguo� kf_rZghkehcguo� h[jZah\Zgbc. Ba� gbo 
\i_j\u_� b^_glbnbpbjh\ZggZy� mihjy^hq_ggZy jZagh�
\b^ghklv� ebaZj^bl-kZihgblZ� y\ey_lky� hlghkbl_evgh�
mklhcqb\hc�ih�kjZ\g_gbx�k�^jm]bfb�mihjy^hq_ggufb�
kf_rZghkehcgufb� nZaZfb� ljbhdlZw^jbq_kdh]h� lbiZ�
�lbiZ�oehjbl-kZihgblh\�b�oehjbl-\_jfbdmeblh\���<ha�
gbdgh\_gb_� mihjy^hq_ggh]h�EKKH�� ih� gZr_fm�fg_�
gbx��ijhbkoh^beh�\�aZdjulhc�kbkl_f_�ijb�gbadbo�l_j�
fh[Zjbq_kdbo�iZjZf_ljZo�kj_^u�b�f_^e_ggh�ijhl_dZ�
xs_f�ijhp_kk_�^_kljmdpbb�i_j\bqguo�b�kbgl_a_�\lh�
jbqguo�fbg_jZeh\��Bahebjh\Zgghklv�kbkl_fu�fbg_jZ�
ehh[jZah\Zgby�hij_^_eyeZ�\hafh`ghklv�khojZg_gby�\�
g_c�\hkklZgh\bl_evguo�mkeh\bc��qlh�khijh\h`^Zehkv�
i_j_jZkij_^_e_gb_f�obfbq_kdbo�we_f_glh\�f_`^m�]b�
ih]_ggufb�fbg_jZeZfb�� ihjh\ufb� jZkl\hjZfb b ]b�
i_j]_ggufb� gh\hh[jZah\Zgbyfb�� Hlghkbl_evgh� gba�
db_�agZq_gby�̂ Z\e_gby�b�l_fi_jZlmju�\�ahg_�\hagbdgh�
\_gby�ebaZj^bl-kZihgblZ�h[mkeh\beb�agZqbl_evgh_�kh�
^_j`Zgb_�\ _]h�kljmdlmj_�jZa[moZxsbo�kehz\. G_\u�
khdZy�^bgZfbdZ� fZkkhi_j_ghkZ� \_s_kl\Z� \  kbkl_f_
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fbg_jZehh[jZah\Zgby� kihkh[kl\h\ZeZ� l_g^_gpbb�jZa�
\blby�mihjy^hq_ggh]h�q_j_^h\Zgby�g_jZa[moZxsbo�b�
jZa[moZxsbo�kehz\�\�kljmdlmj_�b^_glbnbpbjh\Zggh]h�
kf_rZghkehcgh]h�fbg_jZeZ��H^gh\j_f_ggh�k�baf_g_�
gb_f� dbf[_jeblh\�b�ihke_^h\Zl_evguf ij_h[jZah\Z�
gb_f� fbg_jZeh\� ijhbkoh^bl� kbgl_a� jy^Z� Fe-

kh^_j`Zsbo�nZa��GZqbgZy� k�gZb[he__� jZgg_c� klZ^bb�
baf_g_gby�heb\bgZ��bevf_gblZ��fZ]g_lblZ�ih�fbg_jZ�
eZf�h[jZamxlky�iezghqdb iue_\b^guo�kdhie_gbc�jm^�
guo�gh\hh[jZah\Zgbc��jZkk_ygguf�lZd`_�ih�hkgh\ghc�
fZkk_�ihjh^��ijb^Z\Zy�h[jZah\Zgbyf�jZaebqghc�bgl_g�
kb\ghklb�]jyagh-[mjuc�p\_lh\hc�h[ebd� 

Dhgnebdl�bgl_j_kh\� :\lhju�^_deZjbjmxl�hlkml�
kl\b_�y\guo�b�ihl_gpbZevguo�dhgnebdlh\�bgl_j_kh\� 
k\yaZgguo�k�im[ebdZpb_c�gZklhys_c�klZlvb� 
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Conclusions: Two processes of changes in the kimberlite rocks of the region were revealed. The first pro-

cess is the phased conversion of olivine to high-temperature, then low-temperature serpentine. The second 

process is the degradation of serpentine with the simultaneous emergence of a series of swellable minerals,  

starting with saponite through a series of intermediate metastable mixed-layer formations, out of which the 

ordered variety of lyzardite-saponite, identified for the first time, was relatively more stable compared to 

other ordered mixed-layer phases of the trioctahedral type. This finding emphasizes the specific conditions 

of crust formation of the weathering kimberlites of the African region. 
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