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j_]bhgZ� >�±�� b� ^j�@��Ijbih\_joghklgu_� g_h^ghjh^�

ghklb�� d� dhlhjuf�hlghkylky�hkh[_gghklb� kljmdlmju�

b� iehlghklb� ihjh^� hkZ^hqgh]h� q_oeZ� i_j_dju\Zx�

s_]h� djbklZeebq_kdbc� nmg^Zf_gl�� lZd`_� ^Zxl� agZ�

qbl_evguc� \deZ^� \� kmffZjgh_� ]jZ\blZpbhggh_�ihe_�

a_fghc�dhju� >2, 9, 10 b�^j�], gh�ihkdhevdm�wlb�g_h^�

ghjh^ghklb� jZkiheZ]Zxlky� \[ebab� ih\_joghklb�� lh�

hgb� ihjh`^Zxl� [he__� \ukhdhqZklhlgmx� khklZ\eyx�

smx� ]jZ\blZpbhggh]h� ihey�� Mqzl� ]jZ\blZpbhggh]h�

\ebygby�iehlghklguo�g_h^ghjh^ghkl_c�q_oeZ�ghkbl�

gZa\Zgb_ ©]_heh]bq_kdh]h� j_^mpbjh\Zgbyª gZ[ex�

^zggh]h� ]jZ\blZpbhggh]h� ihey b�� dZd� ijZ\beh�� \u�

ihegy_lky ijb�gZebqbb�^Zgguo�h�iehlghklghf�kljh�

_gbb� kehz\� hkZ^hqgh]h� q_oeZ�� <� dZq_kl\_� lZdh\uo�

^Zgguo� bkihevamxlky j_amevlZlu� k_ckfbq_kdbo� bk�

ke_^h\Zgbc f_lh^hf�hljZ`zgguo�\heg��\�fh^bnbdZ�

pbb�h[s_c�]em[bgghc�lhqdb��H=L���b�k\h^gu_�fZl_�

jbZeu� h� i_ljhnbabq_kdbo� k\hckl\Zo� ihjh^� q_oeZ, 

ihemqZ_fu_�ih�j_amevlZlZf�dZjhlZ`Z�kd\Z`bg�b�eZ�

[hjZlhjguo�bkke_^h\Zgbc d_jgZ�ihjh^�[11, 12 b�^j�]. 

H^gZdh�^ey fgh]bo�jZchgh\�fbjZ ^_lZevgu_�k_ckfb�

q_kdb_�fZl_jbZeu�H=L�ij_^klZ\e_gu�gZ�j_^dhc�jZa�

jhag_gghc� k_lb� ijhnbe_c� Z� iheghlZ� hibkZgby� i_l�

jhnbabq_kdbo� k\hckl\� h]jZgbqb\Z_lky� g_fgh]hqbk�

e_ggufb�bkke_^h\Zgbyfb�ih�hl^_evguf�kd\Z`bgZf. 

<�wlbo�mkeh\byo�ijb�kha^Zgbb�iehlghklguo�fh^_e_c�

kljh_gby�dhju�djmiguo�j_]bhgh\�ke_^m_l�bkihevah�

\Zlv� k\h^gu_� kljmdlmjgu_� dZjlu� ih� kljh_gbx� hkZ�

^hqgh]h� q_oeZ�� h[h[szggu_� kijZ\hqgu_� ^Zggu_� h�

iehlghklb� lbibqguo� ihjh^� q_oeZ� b� kh\j_f_ggu_�

pbnjh\u_�fh^_eb�kljh_gby�hkZ^hqghc h[hehqdb�eb�

lhkn_ju�A_feb�>13, 14]. 

L_jjblhjby� J_kim[ebdb� Gb]_j� b� ijbe_]Zxsbo�

kljZg� AZiZ^ghc� b� Wd\ZlhjbZevghc� :njbdb� �jbk� 1), 

^ey�dhlhjhc�jZg__�gZfb�[ueZ�kha^ZgZ�gh\Zy�bgl_jij_�

lZpbhggZy�fh^_ev�]jZgbpu�Fhoh�>15, 16@�b�jZkkqblZ�

gh�_z�]jZ\blZpbhggh_�ihe_� hlghkblky�d�l_jjblhjbyf��

keZ[h� h[_ki_q_gguf� ^_lZevgufb� k_ckfbq_kdbfb� bk�

ke_^h\Zgbyfb� H=L�� <� ihke_^g__� ^_kylbe_lb_ lZdb_�

bkke_^h\Zgby��hjb_glbjh\Zggu_�gZ�ihbkdb�m]e_\h^h�

jh^h\�� iha\hebeb� khklZ\blv� ]_heh]h-kljmdlmjgu_�

ko_fu�kljh_gby�q_oeZ�^ey�hl^_evguo�mqZkldh\�l_jjb�

lhjbb�J_kim[ebdb�Gb]_j�>17±20]��dhlhju_�fh]ml�[ulv�

bkihevah\Zgu� ^ey� ]_heh]bq_kdh]h� j_^mpbjh\Zgby�

ZghfZevgh]h�]jZ\blZpbhggh]h�ihey�j_]bhgZ.  

 

 

Jbk� 1. =_heh]bq_kdZy�ko_fZ�l_jjblhjbb�J_kim[ebdb�Gb]_j�b�ijbe_]Zxsbo�kljZg�ih�>������@��Mkeh\gu_�h[hagZq_gby��1 ± q_l�

\_jlbqguc�i_jbh^��2 ± f_ahahc-dZcghahc��3 ± iZe_hahc��4 ± ijhl_jhahc�b�Zjo_c��5 ± dhglmju�]jZ[_gh\�b�[Zkk_cgh\�k�fhsghklvx�

hkZ^hqgh]h�q_oeZ�hl�����^h����df��6 ± dhglmju�]jZ[_gh\�k�fhsghklv�hkZ^hqgh]h�q_oeZ�[he__����df��7 ± ]hkm^Zjkl\_ggu_�]jZgbpu� 

PbnjZfb�h[hagZq_gu��[Zkk_cgu Lbf�F_jkhb�(1), Bmee_ff_^_g�(2)��>`Z^h�(3)��;befZ�(4)��:]Z^_fZ�(5)��G]mwev�We`b�(6)��;hjgh�(7); 

]jZ[_gu� L_jfbl� (8)�� L_nb^_l� (9)�� L_g_j_� (10)�� DZnjZ� (11)�� =j_cg� (12)�� :[[j_\bZlmju� gZ� h[ahjghc� ko_f_�� WARS ± AZiZ^gh-

:njbdZgkdZy�jbnlh\Zy�kbkl_fZ��CARS ± P_gljZevgh-:njbdZgkdZy�jbnlh\Zy�kbkl_fZ. 

[Fig. 1. Geological map of the Republic of Niger and the neighbouring countries created by [20, 21]. Legend: (1) Quaternary; (2) 

Mesozoic-Cenozoic; (3) Paleozoic; (4) Proterozoic and Archean; (5) outlines of grabens and basins with a sediment thickness from 

1.5 to 10 km; (6) outlines of grabens with a sediment thickness over 10 km; (7) state borders. 

Numbers: basins of Tim Mersoi (1), Iullemmeden (2), Djado (3), Bilma (4), Agadem (5), N'Gel Edji (6), and Borno (7); grabens of 

Termit (8)��7pILGHW� (9)��7pQpUp� (10), Kafra (11), and Grein (12). Abbreviations on the overview map: (WARS) West African Rift 

System; (CARS) Central African Rift System.] 
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<� ij_^eZ]Z_fhc� jZ[hl_� jZkkfZljb\Zxlky� bkoh^�

gu_� ^Zggu_�� f_lh^u� b� j_amevlZlu� jZkqzlZ� ]jZ\blZ�

pbhggh]h�wnn_dlZ�hkZ^hqgh]h�q_oeZ ^ey�l_jjblhjbb�

J_kim[ebdb�Gb]_j� \� mkeh\byo� g_iheghlu� bkoh^ghc�

]_heh]h-]_hnbabq_kdhc� bgnhjfZpbb�� Hkgh\ghc� aZ�

^Zq_c�lZdh]h�]_hnbabq_kdh]h fh^_ebjh\Zgby�y\ey_l�

ky� kha^Zgb_ j_]bhgZevghc� ko_fu� ]jZ\blZpbhgguo�

ZghfZebc��\�dhlhjhc�[m^_l�bkdexq_gh ]jZ\blZpbhg�

gh_ \ebygb_ ]jZgbpu Fhoh [15, 16] b�\ebygb_�]jZ\b�

lZpbhggh]h� ihey� hkZ^hqgh]h� q_oeZ� ^ey l_jjblhjbb�

J_kim[ebdb� Gb]_j b� ijbe_]Zxsbo� j_]bhgh\. MdZ�

aZggu_ ]jZ\blZpbhggu_�ZghfZebb ihkem`Zl hkgh\hc�

ijb� ^_lZevghf� bamq_gbb� ]_heh]bq_kdh]h� kljh_gby�

djbklZeebq_kdhc dhju� l_jjblhjbb J_kim[ebdb� Gb�

]_j b�\uy\e_gby�ijhkljZgkl\_gguo�aZdhghf_jghkl_c 

jZaf_s_gby hkgh\guo� \b^h\�ihe_aguo�bkdhiZ_fuo, 

k\yaZgguo k \gmljbdhjh\ufb�ijhp_kkZfb. 

 

Kljh_gb_ hkZ^hqgh]h�q_oeZ j_]bhgZ 
Kh\j_f_ggZy�kljmdlmjZ�dhju�k_\_jZ�:njbdZgkdh]h�

dhglbg_glZ� �jbk� ��� y\ey_lky� j_amevlZlhf� ]_heh]bq_�

kdhc�w\hexpbb�eblhkn_ju j_]bhgZ��^eys_cky�m`_�[h�

e__� ��fej^ e_l��WlZiu� jZa\blby� eblhkn_ju�� kh]eZkgh�

[21], \dexqZxl��h[jZah\Zgb_�x\_gbevghc� dhju�b� klZ�

[bebaZpbx� djZlhgh\� k_\_jghc� :njbdb� \� Zjo_ckdh_�

\j_fy��i_j_jZ[hldm�dhju�\�ijhl_jhahckdh_�\j_fy��ih�

ke_^mxsbc� IZgZnjbdZgkdbc� hjh]_g_a� �\� bgl_j\Ze_�

450±����feg e_l��b�i_j_]jmiibjh\dm [ehdh\��GZ�wlhf 

wlZi_ w\hexpbb� aZ\_jrZ_lky� nhjfbjh\Zgb_ AZiZ^gh-

:njbdZgkdh]h� djZlhgZ� b� <hklhqgh-KZoZjkdh]h� f_�

]ZdjZlhgZ� k� jZa^_eyxs_c bo� AZiZ^gh-:njbdZgkdhc�

fh[bevghc� ahghc��<�f_ahahckdmx wjm ihke_^h\Ze�jZk�

iZ^�kmi_jdhglbg_glZ�=hg^\ZgZ��Z�\�dZcghah_�bf_e�f_�

klh�ih^tzf� ]hjyq_]h�fZglbcgh]h�fZl_jbZeZ�\�h[eZklb�

AZiZ^gh-:njbdZgkdhc� fh[bevghc� ahgu�� ijhy\e_gguc�

gZ�ih\_joghklb�\�\b^_�fheh^h]h�\medZgbafZ, b�j_Zdlb�

\Zpbb� l_dlhgbq_kdbo� ijhp_kkh\� k�nhjfbjh\Zgb_f AZ�

iZ^gh-:njbdZgkdhc� b�P_gljZevgh-:njbdZgkdhc� jbn�

lh\hc�kbkl_f� Kh\j_f_ggu_�hkZ^hqgu_�[Zkk_cgu�j_]b�

hgZ, knhjfbjh\Zggu_ \�ijhp_kk_�ihke_^g_c�j_Zdlb\Z�

pbb� [22]�� jZkkfhljbf� [he__� ih^jh[gh�� ihkdhevdm� hgb�

y\eyxlky� hkgh\guf� h[t_dlhf� gZr_]h� bkke_^h\Zgby��

hjb_glbjh\Zggh]h�gZ�jZkqzl�]jZ\blZpbhggh]h�wnn_dlZ�

ijbih\_joghklguo�]_heh]bq_kdbo�kljmdlmj� 

FZeb-Gb]_jkdZy� kbg_debaZ �jbk� 1), \� dhlhjhc� \u�

^_eyxl�k_\_jgmx b�x`gmx�qZklv��[Zkk_cgu�Lbf�F_j�

khb� b�Bmee_ff_^_g)�� keh`_gZ� fhjkdbfb� b� dhglbg_g�

lZevgh� l_jjb]_ggufb� ihjh^Zfb hl ljbZkh\h]h� ^h� iZ�

e_hp_g-whp_gh\h]h�\hajZklZ [23]. Fhsghklv�hkZ^hqguo�

ihjh^�\�[Zkk_cg_�Lbf�F_jkhb�ieZ\gh�m\_ebqb\Z_lky�d�

p_gljm�[Zkk_cgZ��]^_�^hklb]Z_l�\_ebqbgu�hdheh������f, 

b� \dexqZ_l� f_ahahckdb_� kljZlbnbpbjh\Zggu_� dhglb�

g_glZevgu_�b�fhjkdb_�k_jbb��hkgh\gmx�qZklv�dhlhjuo�

khklZ\eyxl gb`g_f_eh\u_ b�xjkdb_ hleh`_gby��HkZ�

^hqgu_� ihjh^u� [Zkk_cgZ� ij_^klZ\e_gu� i_kdZfb�� i_k�

qZgbdZfb��]ebgbklufb�i_kdZfb��]ebgZfb��]ebgbklufb�

keZgpZfb��f_j]_eyfb b ba\_klgydZfb, ijbqzf�fhsgh�

klb� hl^_evguo� eblheh]bq_kdbo� jZaghkl_c� khklZ\eyxl�

hl�i_j\uo�f_ljh\�^h�i_j\uo�khl_g�f_ljh\�>24±27]. >ey�

[Zkk_cgZ� Bmee_ff_^_g� oZjZdl_jgh� gZebqb_ fhsguo�

lhes�\_jog_f_eh\uo�b�iZe_h]_gh\uo ihjh^��ij_^klZ\�

e_gguo�dhglbg_glZevgufb�b�hkZ^hqgufb�dhfie_dkZfb�

i_kqZgbdh\�� ]ebgbkluo� i_kqZgbdh\�� ]ebgZfb�� i_j_oh�

^ysbfb�\�i_kqZgh-]ebgbklu_�beu�beb�bebklu_�]ebgu��

hlf_qZ_lky� lZd`_� ijbkmlkl\b_� f_j]_e_c� b� f_eh\uo�

hleh`_gbc� >28, 29]. KljmdlmjZ�[Zkk_cgZ�Bmee_ff_^_g�

g_kbff_ljbqgZy� k� m\_ebq_gb_f� fhsghklb� q_oeZ� ^h�

2500±�����f�\�_]h�x`ghc�qZklb��]^_�hlf_qZ_lky�lZd`_�

[he__�djmlh_�iZ^_gb_�kljZlbnbpbjh\Zgguo�lhes�hkZ^�

dh\ k�fhsghklvx ^h�i_j\uo�khl_g�f_ljh\��<�p_ehf�^ey�

FZeb-Gb]_jkdhc� kbg_debau� oZjZdl_jgh� g_kbff_ljbq�

gh_�kljh_gb_�k�m\_ebq_gb_f�kmffZjghc�fhsghklb�hkZ�

^hqgh]h� dhfie_dkZ� ^h� ����� f� \�x`ghc� _]h� qZklb� aZ�

kqzl�bgl_gkb\gh]h�gZdhie_gby� l_jjb]_gguo�b�hkZ^hq�

guo�\_jog_f_eh\uo�b�iZe_h]_gh\uo�ihjh^ [29@��D�kh�

`Ze_gbx��k\h^guo�kljmdlmjguo�dZjl�bahiZobl�^ey�FZ�

eb-Gb]_jbckdhc�kbg_debau�g_�bf__lky��Z�\k_�ijh]gha�

gu_�ihkljh_gby�h]jZgbqb\Zxlky�hl^_evgufb�h[h[szg-

gufb� ko_fZlbq_kdbfb� ]_heh]bq_kdbfb� jZaj_aZfb�� hl�

jZ`Zxsbfb�hlf_q_ggu_�l_g^_gpbb�kljh_gby�[Zkk_cgZ� 

JZaj_a� QZ^kdhc� kbg_debau�� \� hkgh\Zgbb� dhlhjhc�

aZe_]Zxl� ihjh^u�f_eh\hc� dhglbg_glZevghc� k_jbb�� \�

p_ehf� ZgZeh]bq_g� jZaj_am�FZeb-Gb]_jkdhc� kbg_deb�

au�� b� khklhbl� ba� q_lujzo� km[[Zkk_cgh\�� :]Z^_fZ��

;befZ��>`Z^h� b� kh[kl\_ggh� [Zkk_cgZ� ha_jZ�QZ^ [17, 

22, 30, 31]. HkZ^hqgu_� ihjh^u� QZ^kdhc� kbg_debau, 

keh`_ggu_� kljZlbnbpbjh\Zggufb� h[jZah\Zgbyfb�

dhglbg_glZevguo�b, \�f_gvr_c�f_j_, fhjkdbo�k_jbc�k�

\hajZklZfb�hl�f_eh\uo�^h�q_l\_jlbqguo��ij_^klZ\e_�

gu� ]ebgZfb�� ]ebgbklufb� i_kqZgbdZfb�� i_kdZfb� b�

dZj[hgZlZfb��GZb[hevr_c� fhsghklvx� q_oeZ�� ^hklb�

]Zxs_c�����±�����f��hlebqZ_lky�kh[kl\_ggh�[Zkk_cg�

ha_jZ� QZ^ �jbk� 1). >ey� [Zkk_cgZ� >`Z^h� oZjZdl_jgh�

gZebqb_�iZe_hahckdbo�ihjh^�\�hkgh\Zgbb�kljmdlmju��

H[sZy fhsghklv� q_oeZ� ^hklb]Z_l� ijbf_jgh� �����f��

gh�[hevrZy�qZklv�_z�ijboh^blky�gZ�hleh`_gby�f_eh�

\h]h-lj_lbqgh]h�i_jbh^h\�fhsghklvx�^h������f�>32]. 

<�p_ehf�QZ^kdZy�kbg_debaZ�ij_^klZ\ey_l�hlghkbl_ev�

gh� iheh]mx� kljmdlmjm�� hkeh`gzggmx� hl^_evgufb�

ihgb`_gbyfb�b� ih\ur_gbyfb�fhsghklb� hkZ^hqgh]h�

q_oeZ� \� ij_^_eZo� hl^_evguo� km[[Zkk_cgh\�� GZ� x]h-

aZiZ^ghf�neZg]_�QZ^kdhc�kbg_debau�jZkiheh`_g�[Zk�

k_cg�;hjgh��\uiheg_gguc�hkZ^hqgufb�ihjh^Zfb�f_�

eh\h]h-lj_lbqgh]h�\hajZklh\ [12, 31]. K\h^guo�kljmd�

lmjguo�dZjl�bahiZobl�^ey�QZ^kdhc�kbg_debau�g_�bf_�

_lky�� Z� \k_� ijh]ghagu_� ihkljh_gby� h]jZgbqb\Zxlky�

hl^_evgufb� ko_fZlbq_kdbfb� ]_heh]bq_kdbfb� jZaj_�

aZfb�ih�[mjh\uf�b�]_hnbabq_kdbf�^Zgguf�gZ�mqZkl�

dZo� ihbkdh\� m]e_\h^hjh^h\� \� kh[kl\_ggh� [Zkk_cg_�

ha_jZ�QZ^� 

;Zkk_cg�Fmjamd�gZ�l_jjblhjbb�bkke_^h\Zgbc�ij_^�

klZ\ey_l�qZklv�[hevrh]h�h^ghbf_ggh]h�[Zkk_cgZ��jZk�

iheh`_ggh]h�gZ�x]_�Eb\bb b keh`_ggh]h hkZ^hqgufb�

b�l_jjb]_ggufb�ihjh^Zfb�k�\hajZklZfb�hl�dZcghahy�^h�

iZe_hahy�>��@��K\h^guo�kljmdlmjguo�dZjl�bahiZobl�^ey�

x`ghc� qZklb� [Zkk_cgZ� g_� bf__lky� b� \k_� ijh]ghagu_�

ihkljh_gby� hkgh\Zgu� gZ� ]_hnbabq_kdbo� ^Zgguo� ih 

hl^_evguf�mqZkldZf�ihbkdh\�m]e_\h^hjh^h\� 
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K_\_jh-aZiZ^gZy� \_l\v� QZ^kdhc� kbg_debau� ± kb�

kl_fZ� ehdZevguo� ]jZ[_gh\�P_gljZevgh-:njbdZgkdhc�

jbnlh\hc� kbkl_fu �jbk� 1) ijhklbjZ_lky� \� km[f_jb�

^bhgZevghf� gZijZ\e_gbb� ihqlb� gZ� ����� df� ijb�rb�

jbg_�^h�����df��HkZ^hqgu_�ihjh^u�kbkl_fu�]jZ[_gh\�

ij_^klZ\e_gu dhglbg_glZevgufb� b� fhjkdbfb� hleh�

`_gbyfb� hl� iZe_hahckdh]h ^h� jZgg_lj_lbqgh]h� \ha�

jZklZ�� k�fZdkbfZevghc�fhsghklvx� ^h� ��� df� [23, 29, 

31@�� =jZ[_gu� L_g_j_�� =j_cg��DZnjZ, ;befZ b� ]jZ[_g�

L_jfbl� k� _]h�x]h-aZiZ^guf�ijh^he`_gb_f� ± [Zkk_c�

ghf G]mwev�W^`b �jbk� ��� bamq_gu� hl^_evgufb� ]em�

[hdbfb�kd\Z`bgZfb�]em[bghc�^h������f��gZp_e_ggu�

fb�gZ�ihbkdb�m]e_\h^hjh^h\� Ih�j_amevlZlZf k_ckfb�

q_kdbo�bkke_^h\Zgbc��D H=L�^ey�jy^Z�ijhnbe_c��i_�

j_k_dZxsbo� g_dhlhju_� ba� mdZaZgguo� ]jZ[_gh\� kh�

klZ\e_gu k\h^gu_� jZaj_au�hkZ^hqgh]h� q_oeZ� k� \u^_�

e_gb_f�h[h[szgguo�dhfie_dkh\�hleh`_gbc iZe_hahy��

f_ahahy�b�dZcghahy [20, 23, 33±38]. Fhsghklb�\u^_�

e_gguo�dhfie_dkh\�^hklb]Zxl�g_kdhevdbo�lukyq�f_l�

jh\��ijbqzf�gZb[hevr_c fhsghklvx� �^h� �����f� oZ�

jZdl_jbamxlky hleh`_gby f_ahahy� 

Ijb\_^zggu_� djZldb_� ]_heh]bq_kdb_� k\_^_gby� ih�

j_]bhgm� bkihevah\Zebkv ^Ze__� ijb� kha^Zgbb� fh^_eb�

hkZ^hqgh]h� q_oeZ� l_jjblhjbb� J_kim[ebdb� Gb]_j� b�

ijbe_]Zxsbo�kljZg. 

 

IehlghklgZy�fh^_ev�hkZ^hqgh]h�q_oeZ 

>ey�kha^Zgby�kljmdlmjghc�ko_fu�fhsghklb�kehz\�

hkZ^hqgh]h� q_oeZ� bkihevah\Zebkv� h[h[szggu_� ^Zg�

gu_ pbnjh\uo�fh^_e_c >������@��ho\Zlu\Zxsbo�\_kv�

j_]bhg� bkke_^h\Zgbc�� JZaebqb_� mdZaZgguo� fh^_e_c�

aZdexqZ_lky� \� lhf�� qlh� ^ey�fh^_eb�CRUST1 ijb\_�

^_gu�^Zggu_�h�kmffZjghc�fhsghklb� hkZ^dh\��Z�^ey�

fh^_eb�LITHO1 bkihevah\ZgZ [he__�^_lZevgZy�ljzo�

kehcgZy�fh^_ev� k�j_amevlZlZfb�hp_ghd�iehlghklb�b�

kdhjhklb� hkZ^hqguo� ihjh^�� ihemq_ggufb� \� jZfdZo�

j_r_gby� 3D aZ^Zqb� k_ckfhlhfh]jZnbb� ih� ih\_jo�

ghklguf� \hegZf�� IjhkljZgkl\_ggZy� ^_lZebaZpby�

mdZaZgguo�pbnjh\uo�fh^_e_c�� khklZ\eyxsZy �� ]jZ�

^mk�� hljZ`Z_l� hkgh\gu_� j_]bhgZevgu_� hkh[_gghklb�

kljh_gby�q_oeZ (jbk� 2). 

>ey�jZkqzlZ�ZghfZevgh]h�]jZ\blZpbhggh]h�wnn_dlZ�

hl� fh^_e_c� hkZ^hqgh]h� q_oeZ� bkihevah\Zebkv� Z\lhj�

kdb_�ijh]jZffu��hkgh\Zggu_�gZ�Z^Zilb\ghc�Ziijhdkb�

fZpbb�we_f_glh\�kehbklhc�fh^_eb�kj_^u�ijZ\bevgufb�

iZjZee_e_ibi_^Zfb�k�]jZ^b_glhf�iehlghklb�ih�\_jlb�

dZeb� >������@��Ijb�jZkqzlZo�iehlghklv�ihjh^�\�fh^_eb�

CRUST��ijbgbfZeZkv�ihklhygghc� ih� eZl_jZeb� b� jZ\�

ghc� kj_^g_\a\_r_gghc� iehlghklb� hkZ^hqgh]h� q_oeZ�

j_]bhgZ��khklZ\eyxs_c����� d]�f3 >��@�k�\_jlbdZevguf�

]jZ^b_glhf� iehlghklb� �� d]�f3 df� >��@�� Z� ^ey� fh^_eb�

LITHO�� bkihevah\Zebkv� ^Zggu_� h� iehlghklb� kehz\�

g_ihkj_^kl\_ggh� kZfhc� pbnjh\hc� fh^_eb� >��@�� >ey�

dhjj_dlgh]h� \uqbke_gby� ]jZ\blZpbhggh]h� wnn_dlZ� hl�

ihjh^�q_oeZ�h[eZklv�aZ^Zgby�bkoh^ghc�pbnjh\hc�iehl�

ghklghc�fh^_eb�[jZeZkv�k�jZkrbj_gb_f�\h�\k_�klhjhgu�

\�ieZg_�gZ�����df��qlh�h[_ki_qb\Zeh�^hklZlhqgmx�lhq�

ghklv�\uqbke_gby�]jZ\blZpbhgguo�ZghfZebc�\�j_amev�

lZlb\ghc�h[eZklb��kf��jbk� 1). 

 
Jbk� 2. =em[bgZ� ih^hr\u� hkZ^hqgh]h� q_oeZ: (a) fh^_ev�

LITHO1 [14]; (b) fh^_ev�CRUST1 [13]. Ko_fu ijb\_^_gu \ 

_^bghc p\_lh\hc rdZe_.  

[Fig. 2. Depth of the sedimentary cover bottom: (a) LITHO1 

model [14]; (b) CRUST1 model [13]. Schemes are given in a 

single colour scale.]  

 

JZkqzl� ]jZ\blZpbhggh]h� wnn_dlZ� q_oeZ� ^ey�fh^_�

e_c�CRUST�� b�LITHO1�� \uiheg_gguc� ^ey� \k_c� l_j�

jblhjbb�bkke_^h\Zgbc� k�j_]meyjguf�rZ]hf�gZ� k_ld_�

25 gZ� 25 df ihdZaZe�� qlh� ZghfZebb�ihey� hl�fh^_e_c�

hkZ^hqgh]h� q_oeZ ohjhrh� kh]eZkmxlky� k� j_]bhgZev�

guf� kljmdlmjguf�ieZghf�fhsghklb� hkZ^dh\�� gh g_�

kdhevdh� jZaebqZxlky f_`^m� kh[hc� gZ� hl^_evguo�

mqZkldZo. JZaebqb_�ihe_c��ij_^klZ\e_ggh_ \�\b^_� ]b�

klh]jZffu�jZaghklb�ZghfZevguo�agZq_gbc hl�fh^_e_c 

(jbk� 3), ^_fhgkljbjm_l�ohjhr__�kh]eZkb_�fh^_e_c�ih�

iehlghklb��gh�^_lZeb�kljh_gby�fh^_e_c��kf��jbk� ���g_�

hljZ`Zxl� hkh[_gghkl_c� q_oeZ� \� h[eZklb� jbnlh\uo�

kljmdlmj� AZiZ^gh-:njbdZgkdhc� jbnlh\hc kbkl_fu 

�jbk� 1). Hlf_lbf�� qlh� bf_ggh� a^_kv� gZb[he__� \ujZ�

`_gu� jZaebqby� ZghfZevguo� ihe_c� q_oeZ� bkihevam_�

fuo�fh^_e_c�� ^hklb]Zxsb_� i_j\uo� ^_kyldh\�fbeeb�

]Ze��LZdbf�h[jZahf��kms_kl\mxsb_�fh^_eb�q_oeZ�>����

��@� lj_[mxl kms_kl\_ggh]h mlhqg_gby \� h[eZklb AZ�

iZ^gh-:njbdZgkdhc�jbnlh\hc�kbkl_fu� 
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Jbk� 4. K\h^gZy� fh^_ev� hkZ^hqgh]h� q_oeZ ih� ^Zgguf�

LITHO��>��@�b�j_amevlZlZf��D H=L: (a) ih^hr\Z�kehy��; (b) 

ih^hr\Z� kehy� ��� (c�� ih^hr\Z� kehy� �. Ko_fu ijb\_^_gu \ 

_^bghc p\_lh\hc rdZe_. 

[Fig. 4. Overall model of sedimentary cover according to 

LITHO1 data [14] and 2D CDP results: (a) bottom of the layer 

1; (b) bottom of the layer 2; (c) bottom of the layer 3. Schemes 

are given in a single colour scale.]  

 

ihjh^�� ZgZeh]bqgh]h� eblheh]bq_kdh]h� khklZ\Z�� mklZ�

gh\e_gguo� ^ey� ]em[hdbo� \iZ^bg� <hklhqgh-

?\jhi_ckdhc� ieZlnhjfu� b� ;Zj_gp_\hfhjkdhc� ieblu�

[49±��@�� H[h[szggu_� ^Zggu_� ^ey� dhwnnbpb_glh\��

bkihevam_fuo� \� khhlghr_gbb� ����� ij_^klZ\e_gu� \�

lZ[ebp_��� 

 

LZ[e� 2. Dhwnnbpb_glu�aZ\bkbfhklb 

iehlghklb hl�]em[bgu 

[Table 2. Coefficients of dependence of density on depth] 

Dhfie_dk�q_oeZ 

[Cover complex] 
10��d]�f3 a��d]�f3 df 

dZcghahckdbc 2000 97,5 

f_ahahckdbc 2370 26,3 

iZe_hahckdbc 2550 13,2 

 

GZ� hkgh\_� ZiijhdkbfZpbhgguo� ^Zgguo� h�iehlgh�

klb�ihjh^�\ kehyo hkZ^hqgh]h�q_oeZ��lZ[e� ���b�]em[b�

gZo� aZe_]Zgby� ]jZgbp� dhfie_dkh\� �jbk. 4�� [ueZ� kh�

klZ\e_gZ� k\h^gZy� pbnjh\Zy�fh^_ev� kljh_gby� hkZ^hq�

gh]h�q_oeZ�ih�\k_fm�j_]bhgm�bkke_^h\Zgbc�b�_]h�h[�

jZfe_gbx�� K\h^gZy� fh^_ev� \dexqZ_l� j_]bhgZevgu_�

^Zggu_� h� q_oe_�� kh^_j`Zsb_ky� \�fh^_eb� LITHO1, b�

[he__�^_lZevgu_�^Zggu_�� knhjfbjh\Zggu_�gZ�hkgh\_�

k_ckfbq_kdbo� ^Zgguo� 2D H=L� b� i_ljhiehlghklguo�

bkke_^h\Zgbc�ih�]em[hdbf�kd\Z`bgZf��\�h[eZklb�jZa�

\blby� ]jZ[_gh\� AZiZ^gh-:njbdZgkdhc� jbnlh\hc� kb�

kl_fu� gZ� l_jjblhjbb� J_kim[ebdb� Gb]_j�� Iehlghklv 

kehz\�q_oeZ�\�k\h^ghc fh^_eb�baf_gy_lky�ih�eZl_jZeb�

b� \_jlbdZeb� \� ^bZiZahgZo�� 1860±2415 d]�f3 �kj_^g__�

�����d]�f3) ^ey�dhfie_dkZ�dZcghahckdbo�ihjh^���280±

2640 d]�f3 �kj_^g__������d]�f3) ^ey�f_ahahckdbo�ihjh^�

b� �540±2736 d]�f3 �kj_^g__� ���� d]�f3) ^ey�iZe_hahc�

kdbo� ihjh^��<� p_ehf� ijb\_^zggu_ ZiijhdkbfZpbhg�

gu_�^Zggu_�ohjhrh� kh]eZkmxlky�k�iehlghklyfb�hkZ�

^hqguo�kehz\�\�fh^_eb�LITHO1. 

 
=jZ\blZpbhgguc�wnn_dl�hkZ^hqgh]h�q_oeZ 
GZ� ke_^mxs_f� wlZi_ k\h^gZy� pbnjh\Zy� fh^_ev�

q_oeZ [ueZ�bgl_jihebjh\ZgZ�\�j_]meyjgmx�ijZ\bev�

gmx�k_ldm�k�ieZgh\uf�rZ]hf����gZ��� df��Bgl_jih�

eypby� \uihegyeZkv ^ey� j_]bhgZ� bkke_^h\Zgbc� �kf��

jbk� ��� b� _]h� h[jZfe_gby gZ� ^bklZgpbb ijbf_jgh�

400 df. Ihemq_ggZy� �D pbnjh\Zy fh^_ev�� kh^_j`Z�

sZy� iheh`_gb_� ]jZgbp� b� agZq_gb_� iehlghkl_c� gZ�

djh\e_�b�ih^hr\_�kehz\� bkihevah\ZeZkv�^ey jZkqzlZ 

]jZ\blZpbhggh]h� wnn_dlZ� hkZ^hqgh]h� q_oeZ l_jjb�

lhjbb� bkke_^h\Zgbc. Ijh]jZffZ j_r_gby� ijyfhc�

aZ^Zqb hkgh\ZgZ gZ� Z^Zilb\ghc� ZiijhdkbfZpbb� we_�

f_glh\�kehbklhc�fh^_eb�kj_^u�ijZ\bevgufb�iZjZe�

e_e_ibi_^Zfb�k�]jZ^b_glhf�iehlghklb�ih�\_jlbdZeb�

[39, 40]. JZkqzl� ihey� hl� fh^_eb� hkZ^hqgh]h� q_oeZ�

\uihegyeky� \� lhqdZo� j_]meyjghc� k_lb� �� gZ� � df� gZ�

j_Zevghf�j_ev_n_�j_]bhgZ�>��@��<�dZq_kl\_�ghjfZev�

ghc�iehlghklghc�fh^_eb� b�_z�ihey�hlghkbfhklb�bk�

ihevah\ZeZkv� fh^_ev� D� F� DZjl\_ebr\beb IFA-D 
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[52@�� \aylZy� ^ey� \_jog_]h� kehy fh^_eb� dhju� fhs�

ghklv� �0 df b� iehlghklv� ����� d]�f3. <uqbke_gguc�

ZghfZevguc� ]jZ\blZpbhgguc� wnn_dl� k\h^ghc� pbn�

jh\hc�fh^_eb�hkZ^hqgh]h�q_oeZ�ijb\_^zg�gZ�jbk� 5. 

 

 

Jbk� 5. JZkkqblZgguc�]jZ\blZpbhgguc�wnn_dl�hkZ^hqgh]h�

q_oeZ� 

[Fig. 5. Calculated gravitational effect of the sediment cover.]  

 

=eZ\guf�fhjnheh]bq_kdbf� we_f_glhf� jZkkqblZg�

gh]h� ihey� q_oeZ� y\ey_lky� \ujZ`_ggZy� km[f_jb^bh�

gZevgZy�h[eZklv��hl\_qZxsZy�iheh`_gbx�ahgu jZa\b�

lby� ]jZ[_gh\� AZiZ^gh-:njbdZgkdhc� jbnlh\hc� kbkl_�

fu�gZ�l_jjblhjbb�J_kim[ebdb�Gb]_j��QZ^Z�b�Gb]_jbb�

�kf�� jbk� 1). :fieblm^u� ZghfZebc� \� wlhc� ehdZevghc�

h[eZklb� ^hklb]Z_l� -125 f=Ze b� qzldh� khhl\_lkl\m_l�

gZb[he__� ]em[hdhc� qZklb� jbnlh\hc� kbkl_fu�� \� qZkl�

ghklb�]jZ[_gm�L_jfbl��]^_�kmffZjgZy�fhsghklv�hkZ^�

dh\ khklZ\ey_l�ihqlb� �� df �kf��jbk� 4). =jZ[_gu�L_�

g_j_��DZnjZ�b�=j_cg��kf��jbk� ���\�ZghfZevghf�]jZ\b�

lZpbhgghf�ihe_� \ujZ`_gu� keZ[__ b� ]jZ\blZpbhggu_�

ZghfZebb� hl� hkZ^hqgh]h� q_oeZ� ^hklb]Zxl� lhevdh�g_�

fgh]bf�f_g__� -60 f=Ze�� qlh� h[mkeh\e_gh�f_gvrbfb 

ieZgh\ufb�jZaf_jZfb�wlbo�]_heh]bq_kdbo�kljmdlmj�b�

h[s_c mf_gvr_gghc� fhsghklvx ihjh^� q_oeZ� Eh�

dZevgu_�bahf_ljbqgu_�kljmdlmjgu_�we_f_glu�AZiZ^�

gh-:njbdZgkdhc� jbnlh\hc� kbkl_fu�� ij_^klZ\e_ggu_�

[Zkk_cgZfb� >`Z^h�� :]Z^_fZ� b� G]mwev� We`b� �kf��

jbk� 1), hlf_qZxlky� ihgb`_gb_f� mjh\gy� ihey� ijb�

f_jgh�gZ��±10 f=Ze�ih�kjZ\g_gbx�k�khk_^gbfb�h[eZ�

klyfb��EhdZevguc�[Zkk_cg�;befZ��kf��jbk� ���\ujZ`_g�

[he__�qzldh�k�ihgb`_gb_f�mjh\gy�ihey��ih�kjZ\g_gbx�

k� ijbe_]Zxsbfb� h[eZklyfb�� gZ� ��±25 f=Ze�� ;Zkk_cg�

;hjgh�� ij_^klZ\eyxsbc� \ulygmlmx� \� x]h-aZiZ^ghf�

gZijZ\e_gbb� hlghkbl_evgh� madmx� kljmdlmjm� q_oeZ��

k\yau\Zxsmx� P_gljZevgh-:njbdZgkdmx� b� AZiZ^gh-

:njbdZgkdmx� jbnlh\u_� kbkl_fu� �kf�� jbk� ���� \ujZ�

`_g�keZ[h-]jZ^b_glghc�ZghfZeb_c��lZdhc�`_�hjb_glb�

jh\db��k�ihgb`_gb_f�mjh\gy�ihey�gZ���±25 f=Ze� 

Djmigu_� kbg_debau� b� j_]bhgZevgu_� hkZ^hqgu_ 

[Zkk_cgu�^hklh\_jgh�hljZ`_gu�\�ZghfZevghf�]jZ\b�

lZpbhgghf� ihe_�� h[mkeh\e_gghf� gZr_c� fh^_evx�

q_oeZ��FZeb-Gb]_jkdZy�kbg_debaZ�b�_z�aZiZ^gh_�ijh�

^he`_gb_� �kf�� jbk� ��� oZjZdl_jbam_lky� iheh]bfb�

bahf_ljbqgufb� j_]bhgZevgufb� ZghfZebyfb� ]jZ\b�

lZpbhggh]h�ihey�k�Zfieblm^hc�^h� -���f=Ze� �jbk� 5). 

FbgbfZevgu_� agZq_gby� ZghfZebc� dhjj_ebjmxlky� k�

h[eZklyfb�ih\ur_gby� h[s_c�fhsghklb� hkZ^hqgh]h�

q_oeZ� \� ij_^_eZo� kbg_debau� �kf�� jbk� ���� ijbqzf� \�

ZghfZevghf� ihe_� hljZ`Z_lky� b� eZl_jZevgu_� \ZjbZ�

pbb�iehlghklb�ihjh^�q_oeZ��ijhy\eyxsb_ky� \�gZeb�

qbb� ^\mo� h[hkh[e_gguo� fbgbfmfh\� ihey� \� p_g�

ljZevghc�qZklb�FZeb-Gb]_jkdhc� kbg_debau��Ebg_c�

gZy� kljmdlmjZ� ZghfZevgh]h� ihey� k_\_jh-aZiZ^gh]h�

ijhklbjZgby�� jZa^_eyxsZy� h[eZklb� hlghkbl_evgh]h�

ih\ur_gby� ihey�� hl\_qZxsbf� sblZf� LmZj_]� b�

E_hfZg� �kf��jbk� 1), ijb[eb`zggh�kh\iZ^Z_l�k�h[eZ�

klvx�fZdkbfZevghc�fhsghklb�q_oeZ�\�x`ghc�qZklb�

[Zkk_cgZ�Bmee_ff_^_g�� 

QZ^kdZy� kbg_debaZ�� bf_xsZy� \_kvfZ� iheh]b_�

[hjlZ�b�h[s__�ih]jm`_gb_�\�x]h-\hklhqghf�gZijZ\�

e_gbb� �kf�� jbk� ���� \� j_]bhgZevghf� ]jZ\blZpbhgghf�

ihe_�ijhy\ey_lky�ihgb`_gb_f�mjh\gy�gZ���±25 f=Ze�

ih� kjZ\g_gbx� k� khk_^gbfb� h[eZklyfb� �jbk� ��� \g_�

ahgu� AZiZ^gh-:njbdZgkdhc� jbnlh\hc� kbkl_fu��Hl�

f_lbf� lZd`_� \ujZ`_ggh_� \hklhqgh_� b� k_\_jh-

\hklhqgh_� ijh^he`_gb_� ZghfZevghc� h[eZklb� ihey�

QZ^kdhc� kbg_debau�� bf_xs__� ZgZeh]bqgu_� Zfieb�

lm^u��gh�[he__�ehdZevgu_�nhjfu�ZghfZebc �jbk� 5). 

JZkiheh`_gguc� \� k_\_jh-\hklhqghc� qZklb� j_]bhgZ�

x`guc� njZ]f_gl� [Zkk_cgZ Fmjamd khhl\_lkl\m_l�

ihgb`_gbx�ZghfZevgh]h�ihey�^h�-���f=Ze��jbk� ����Z�

aZ�ij_^_eZfb�gZr_]h�j_]bhgZ�bkke_^h\Zgbc�wlZ�Zgh�

fZeby�_sz�[he__�mf_gvrZ_lky�ih�Zfieblm^_� 
 

AZdexq_gb_ 
Ih�j_amevlZlZf�h[h[s_gby�j_]bhgZevguo�k_ckfh�

lhfh]jZnbq_kdbo� ^Zgguo� �fh^_ev� LITHO1) b� gh\uo�

^_lZevguo� ijhnbevguo� ^Zgguo� k_ckfhjZa\_^db� �D 

H=L��Z�lZd`_�^Zgguo�hij_^_e_gby�iehlghklb�hkZ^hq�

guo�ihjh^�ih�]em[hdbf�kd\Z`bgZf�j_]bhgZ��khklZ\e_�

gZ�k\h^gZy�pbnjh\Zy�fh^_ev�hkZ^hqgh]h�q_oeZ�l_jjb�

lhjbb�J_kim[ebdb�Gb]_j�b� jZkkqblZgh�ihe_� ]jZ\blZ�

pbhgguo� ZghfZebc�� h[mkeh\e_gguo� wlhc� fh^_evx� 

<uiheg_ggu_� jZkqzlu� ihey� iha\heyl� \� ^Zevg_cr_f 

h[jZlblvky� d� mqzlm \deZ^Z� ZghfZebc� hl� hkZ^hqgh]h�

q_oeZ \�kmffZjgh_�gZ[ex^zggh_�ihe_�j_]bhgZ�b�hij_�

^_e_gb_ ZghfZevgh]h ]jZ\blZpbhggh]h ihey djbklZe�

ebq_kdhc dhju��aZ^ZqZ�bgl_jij_lZpbb�dhlhjh]h�ij_^�

klZ\ey_l�hl^_evgmx�\uqbkebl_evgmx�ijh[e_fm� 

Dhgnebdl� bgl_j_kh\� :\lhju� ^_deZjbjmxl� hl�

kmlkl\b_�y\guo�b�ihl_gpbZevguo�dhgnebdlh\�bgl_j_�

kh\��k\yaZgguo�k�im[ebdZpb_c�gZklhys_c�klZlvb� 
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