OBanopuT
bl



XnMmuyeckKkue ocagkm s UOHHbIX
pacTBOpOB

OcTanbHaga YacTb BellecTBa B pekax MUFPUPYET B BUOE UCTUHHbLIX, UITU
MOHHbIX, pacTBOpoB. Bo MHOrMx pekax obwasa macca seuiecmea,
nepeHoOCUMoO20 8 sude KOJIJTOUOHbLIX U UCMUHHbLIX pacmeopos,
3Ha4YumersibHO ripeabiwiaem maccy 06JI0MOYHbIX 3€PEH.

B BUAe NCTUHHbLIX pacTBOPOB NEPEHOCATCSH UOHbI 8CEX JIE2KO
pacmeopumMbix seuwjecme — Humpamos, xsiopudoes, kapboHamos,
cynibghamoe, 8 MeHblWeU Mepe KpeMHe3eMa, op2aHU4YeCKUx seujecms,
coeduHeHUl esne3a, Mapa2aHua, ghocghopa.

OCHOBHbIMW NOHaMU B peYHbIX BOAaX ABMSAOTCA cneayoLwme:
a) KatunoHbl: Na*, K*, Ca*™, Mg™™;
©) aHWOHbI: CI, SO,”, CO,”, NO, -, HCO, ".

OcaxxgeHue BelWecTBa U3 UCTUHHbLIX PAaCTBOPOB NMPOMUCXOAUT NO CreayoLym
NpUYNHaM:

- B pesyrnbraTte nepechllleHnsa pacteopa AaHHbIM BELLECTBOM,
- B Mpouecce XMMUYeCKnx peakuun.

Heob6xoaumbiM ycnoBuem ansi o6pasoBaHusi NnepechIlleHHON cpeabl
siBNieTCA UHTEHCUBHOE ncnapeHue BoAbl, YTO 4OCTUraeTcsl B
N30NMpPOBaHHbIX BogoeMax (o3epa, NnaryHbl) B XKapKOM CyXOM KNumare.



Kunorpamm mopckoi Bogbl

Bona 965.6 g

Haunbonee
pacnpoCcTpaHeHHbIE UOHbI

e

Hatpwuit (Na*) 10.556 g

Cynbdart (S0,%) 2.649 g

Xnop (CI) 18.980 g Marnuii (Mg?*) 1.272 g

Bukapborat (HCO,7) 0.140 g
Kanbuuin (Ca®*) 0.400 g
Kanuit (K*) 0.380 g

Opyrue



[locrnenoBaTernbHOCTbL BbiNAageHUA Coneu

[Tpouecc obpaszoBaHns cornen 3 UCTUHHLIX pacTBopoB A.E.
depcmaH npeanoXxun HassaTb 2asio2ceHe3oM. Obpa3oBaHHbIE
npu atom ocaakm B.M.['onbawmnaTt Ha3Ban asamnopumamu.

Hanbonee obbl4HbIN NOPSAO0K BbiNaAeHUA COEANHEHUI U3
NCTUHHbIX paCTBOPOB B NaryHax n o3epax onpenenaercs
CTENEeHbLI PACTBOPUMOCTU UX B BOAE.

1) Ha HayanbHbIX cTaauax Npu coneHocTn cpeabl A0 15%o
BbiNagaloT HAMMeHee pacTBOpUMbIe B BoAe KapboHaThl
(NpuyemM cHa4vyana KanbuuT, 3aTemM OO0JIOMMUT).

2) Npun bonee BbICOKOM OCOSTOHEHUW CPebl (COrIeHOCTb
15-27%o0) ocaxaarTcs cynbdaTbl — FTMNC, aHFIMAPWUT,
rnmayoepurt, MMpadbunuTr, TeHapAauT.

3) HakoHeL, npu coneHocTu cpeabl CBbiLwe 27%o0 oTrnararTcs
Xrnopuabl — ranuT, CUNbBUH, KAPHaNWUT.
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Tabnuya 8.3. O6biuHbie MUHEPANbl 3BanopuUToOB [1039]

AHrngput
AHTAPKTUKUT
Aparonur
AdrutanMur

BaccanuT

Bepkur
Buwodout
bnégut (acTpaxaHur)
BaHTtrodpur
Fanur
FaHkeur
lennioceut
Fekcarngpur
f'unc
MayGepur
[onomur
3aHpepuTt
Kauhut

Kanbuurt
KapHannut
Kuzepur
JlanrGenHuT
NéBeut
NeoHrapgur
Neonur
MarHesvanbHbIn KanbyuT
Mupabunut
HatpoH (coga)
Haxkonut
MeHTarugpur
Mupcconur
Monwranur
PuHHeut
CunbBuH
CuHreHuT
Taxurugpurt
TeHapgur
TepMmoHaTpuT
Tpona

WeHnT (NUKpoMepUT)
lWopTur
SrncomuT

——

CaS04
CaCly6H20
CaCOs
K2S04-(Na, K)SO4
CaSO4-112H20

NasS042NasCO;3
MgCl2-6H20
NazS04MgS044H0
MgS04-3NazSQO4

NacCl
9Na>S04-2Na>C0O3-KCl
CaC03-Na,C0O3:5H20
MgS0O46H20
CaS042H,0
CaS04NasS04
CaC0O3-MgCO3
MgSO4:2H0
MQSO4-KC|'"I4H20
CaCOj3
MgCl2-KCI-6H20
MgSO4-H20
2MgS04-K2S04
2MgS04-2NazS04-5H20
MgSO44H20
MgS04-K2S04-4H20
(MgxCa1-x)CO3
NaxS04-10H20
NazCO3-10H20
NaHCO;

MgS04-5H20
CaC03:Na,C03:2H,0
2CaS04MgS04-K2S04-2H20
FeClaNaCl-3KCl

KClI

CaS04KaS04H20
CaCl2-2MgCl212-H20
NasS04

NaxC03-H20
NaHCO3:Na>C0O3:2H,0
MgSO4K2S046H20
2CaC03:NasC0O3
MgSO47H20

- QR NAOMMOCM,

eHue K uecmoo meepaol Maomuocme
Henap pocmsopa.
{%) ('/-)
_ e
18 KanuiHwie 41,40
> B conu
1,257
86-94 78 NaCl
fonum
Jona,
nepekpuiMuUsl UNCa
runc Cp WAUMOM
80-50 | = /1%
36
50 03— L= CaCO;—2

Mopckas soda

Puc.8.3. OTHOCUTENbHbIE COAEPXKaHUA IBANOPUTOBLIX KOM-
[IOHEHTOB B MOPCKO BOge. «BbICOKuEr» CONu ABNSIOTCA pe-
3ynbTaTOM B3aMMORENCTBUS TBEPAbIX (a3 U OCTaTOUHbIX
¢pniongos ([281], ¢ usmeHeHuAMuM).

Tabnuya 8.4. CKOpOCTU OCKASHUA U3 MOPCKOW BOAbI

[2142]
O6cTaHoBKa Habniogaemeie
Tun ocapka 06pa3oBaHus CKOPOCTH OTNOXEHUS
Cynbcparel Cebxa OTKnagesIBaeTCs Cnon
Kap6oHarbi TonuHon 1 Mm/1000

ner, nporpagaums
1—2 km 3a 1000 net

Cynbthatbl CyGakBanbHas 1—40 cm/1000 net no

(o6bi1uHO (Habniofaercs Bcen nnowagwm Gac-
runc) B CaMOCafHbIX ceitHa
npyaax)
Fanur CyGaksanbHas 10—100 m/1000 ner no
(camocapHble Bcen nnowapu Gac-

npyabl) cenHa
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shallow-water shallow-basin model

2 , brine level

P

shallow-water deep-basin model

deep-water deep-basin model

- ©1998 Encyclopaedia Britannica, Inc.
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50-

anhydrite field

e 4
: 7.96‘6'}

gypsum field

40 80 120 160
CHLORINITY
Temperature against chlorinity for the gypsum-anhydrite transition in NaCl solutions, according to An Zen

and to McDonald, with the possible starting conditions for the reaction at Dukhan Sabkha according to
Perthuisot (1977). Jan West & Tonya West (c) 2006.
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JAMEUEHUR SHYMpU

0 ocadna
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3umtu,ncm
an2udpum
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Anzudpum AHINAPNT
///////// snueumem
2000
ARTUAPHT
Pocm anzudpuma nymem
3000 | \ 30MEWEHUA U & xauecmee Ho.uﬁ MILIR ybuna,
UEMEHMA. 3ANOAHEHUR 202 nabnod uemcn
nycmom unc NO anudpumy
4000 - \
AHTUAPUT

Puc.8.52. CxemaTuuyeckasa guarpamma runc-aHrugpurosoro
AvareHeTuueckoro yukna [1744).



Cebx, Cebxa, Cebkxa, (anrn. Sabkha)

(oT apabck. "cebka") - HazaBaHME 3aMKHYTbIX
BECCTOUYHbIX MOHUXKEHWUIN, MOKPbLITbIX CONOHYaKaMmu,
[1HO cebXx NOKPbITO 3aCONEHHBLIMU MMUHUCTLIMU
OTrnoXeHnamun. Bo Bpema ooxagemn oHu
npespallatoTcs B bonorta. Hanbonee kpynHble 13
HMX 3aMNofnHeHbl BOAOW KPYribIn ro4,.

LLIoTT — 3aMKkHyTasa 6eccTtovHasa BnagnHa ¢ AHOM,
NOKPbITbIM CITOEM COMU UITN KOPKOW.

LLloTT — conaHoe bonorTo.

LLIOTT — BO3BbILLEHHAS KpaeBas YacTb cebxu,
ncnosrib3yemas nog nacrouuia.



Brine Composition

nebkha salinity Ca2?+
ROV, & gm/i am/I|

0—400 0——2

Zl\y desert-loess, uppé

cmbiEtd © part gray, lower part

okl brown, with a little halite
* ek and gypsum

3 N1V white gypsum / //

201o &z nodules of small
crystais

30{-Catgll . gypsum nodules
‘=% -’]and bands of coarse
-::o- | crystals in light-
404--.~.:.. | brown desert- loess

2 Blaaien W (-
6047, 2% Z4\. light-brown loess, table

22| sometimes with
Z.>¥:4small gypsum crystals

.o 7~ ) gray shelly silt
1304357 9T She

Precipitation of gypsum nodules in a modern sabkha profile of northern Egypt,
between Alexandria and El-Alamein. See West et al. 1985 for details. Jan West (c) 2005.









PRECIPITATION AND GROWTH OF HALITE CRYSTALS IN A SMALL SALINA OR SALT LAKE AT ZUWARAH, NORTHEAST LIBYA.
It is common to find black mud beneath halite crusts in salt lakes and sabkhas. This is because at high brine saturation levels very little oxygen can be
dissolved in the water. Small groups of radiating crystals of anhydrite occur beneath the halite crust. The magnesium minerals, dolomite and huntite
are also precipitated in or around this salt lake. The anhydrite here may be the northernmost recent precipitation of the mineral known. It is common in
Arabian Gulf sabkhas but not in Mediterranean coastal environments. See Lashhab (1992) for more information. lan West (c) 2012



A . < oy " ‘v " ’ W 2
b v 7o " " 4’.5 ! 2 » AN 4 2 : 25
Waste disposal in the Umm Said supratidal sabkha; gypsum crystals grow on a small plastic drinking cup. This is occurring in a
pit in the sabkha where the sulphate-saturated brines are in contact with rubbish (garbage). Photo - 1997.

Ian West & Tonya West (c) 2008.
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DISPLACIVE ENTEROLITHIC VEINS AND NODULES OF ANHYDRITE IN A RECENT, QUARTZ SAND SABKHA, DUKHAN SABKHA, QATAR.

This is a lump of muddy sand with anhydrite which has been dug out from just beneath the surface of this salt-encrusted sabkha. The curving character
of the white veins and the thin internal sutures are almost identical in type with those in ancient sabkha deposits such as the Purbeck evaporites of
Dorset, England. The brown muddy sand, however, may eventually become reddish by dehydration, burial and underground temperature increase. Thus,
this may be a precursor of reddish clastics like those incorporating the Permo-Triassic, nodular, evaporites of southern England. lan West © 2012.




| > c" A ey LB
Early fabric of displacive enterolithic veins now preserved in late, secondary, (post-anhydrite)
porphyrotopic gypsum. Soft Cockle Mb, Purbeck Formation, Worbarrow Tout . ITan West (¢) 2003




438

OG6uwmit BHA CYTYPHOrO WIBA, PacHONOKEHHOTO B MJIOCKOCTH
KapGOHATHO-aHTHAPHTOBOH NOpoasl, YacTh ero sapucopana
co6oit NpH6IH3HTENBHOE H HeCKOJbKO GoJee yBe
JIEBOK YaCTH BCEro CyTYPHOro IIBa.

CJIOHCTOCTH MEJHTOMOP(HOM
Ha ¢ur. 437, npexcrasasioniei
JIHUEHHOE 3epKajbHOe OTpa)keHHe B ILIHpe

440

CyTypHblii_1I0B, ceKyLimii cJ0UCTOCTh KapGOHATHO-aHIHAPHTOBOI TOPO/IBL.
X8,5. SIp-BuinKanakckoe MecTopoKieHHe, ckp. 38, riy6. 978,8 m. Martepuaast K. B. Cksop-
uoBo#, 1972, usayuennvie §1. 5. Spxemckum B 1972 r.

441

CyTypHble IBbI (pa3BUTHIH BHH-
3y M NOJYpa3BHTHIi BBEpXy) B
TOHKOCJIOHCTOl  TaJIoneJHTCcoaep-
JKallle aHrHJPUTOBOI Mopoje.
SIp-Buikanakckoe MecTopox/ie-
HHe, BepxHsisi (HajcoseBasi) aH-
FHAPHTOBasi —mayka KyHTYpCKOW
COJICHOCHO#  TosH. Marepuaisl
B. B. I'epacumosoii, 1951.

439

Havanbnas (/) u passutas (2) craauu o6pasoBaHHs CyTYPHOTO MIBA 1O CJAOHCTOCTH Kap-
GOHATHO-aHTHJAPHTOBOH Mopoabl. B HayadbHyl0 CTaaMiO /ML HaMeuaercs o6pasoBaHue
CYTYpPHOTO WIBAa C MEJIKHMH, SIBHO 10 KOHUA He A0(QOPMHPOBABIIMMHCH 3aYaTOUHBLIMM, He-
CKOJIbKHMH ero 3y6Guamu.

X4, HuKOaH +. SIp-Bulukajnakckoe Mectopoxienue, ckB. 38, rayGuia 9788 M. Martepuaam
K. B. CkBopuoBoii, uayuennsie 5. §I. SIpxemckum B 1972 r.







S nebkha =

e " M " (small dune with blown sand
trapped by halophyte plants
sand drifted back onto . shown schematicall
dry beach the supratidal sabkha V)
sand dry zone
(32cm) L 20em

supratidal sabkha, semi-vegetated

ale grey clayey | ... - 1. supra
’s)andglvit)!: rog;sy g E z mﬁ soil and former surface

soft white gypsum C \/ '\'\,’ .
nodules in buff- N vV . -40cm
coloured sand Q Q':;‘ C A young gypsum nodules capillary zone
O . =1
hard medium-grained W 10
(i.e. coarser crystals) 04 \‘-::_‘jé-\ _ §0cm
4 5 -
gypsum nodules in {;5 > K:J{ recrystallised gypsum nodules
very firm buff sand = :
wet calcareous sand
- 80cm

bluish, calcar. sand - foetid |} some sulphate reduction  ater table

fine sand saturated
with water

1 metre depth

saturated zone

SEMI-ARID SABKHA AT ZUWARAH IN NORTHEAST LIBYA (MODIFIED AFTER LASHHAB).

This shows similar features to the semi-arid sabkhas of the Alexandria to El Alamein coast of northern Egypt.

It is a typical southern Mediterranean sabkha, except that the soil level has been covered by some recent beach
sand. Nodules of gypsum develop about half a metre above the water table (normally sulphate-saturated, but
not halite saturated). There are halophyte plants in nebkhas, unlike drier Arabian Gulf sabkhas, and anhydrite is
not usually found in the nodules. Field study by Lashhab (1992). lan West and Mokhtar Lahhab © 2012.



% L .. i % . . e b 5

Displacive nodules of anhydrite have formed in the muddy sand of the capillary zone a few centimetres beneath the thin, surface halite crust
at the margin of the Duhkan Sabkha. These are modern analogues for the anhydrite nodules that are commeon in ancient evaporite deposits.
Ian West & Tonya West (c) 2006.




Close view of the anhydrite nodules of Dukhan Sabkha, Qatar, showing intermal chicken wire or, more probably, enterolithic
sttucture. They have been dug out and placed on the thin damp halite crust. Jan West & Tonya West (c) 2006.
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Figure 19.3 Different types of salt structures, their names and geometries. Maturity increases from the central part of the
figure to the left and right.



(a) Varying overburden thickness

(b) Dipping salt and overburden layers

(c) Combination of (a) and (b)




(a) Active diapirism
Flap
AN

(b) Passive diapirism

A

(«)

(c) Reactive diapirism

(d) Thrust related

¥
AN

Figure 19.13 Main classes of diapirs and diapirism. (a) Active
diapirism driven by density contrast and forceful ascent of salt
(buoyancy), (b) passive evolution as sediments are deposited
around the salt structure, (c) Reactive formation in response to
extension, and (d) salt structuring during contraction (thrusting).
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h -
ﬁ -1
B_ Slow aggradation Salt anticline —4
I I |
2
-1
, Expulsion rollover
Passive wall /
It anticli
C_ Starved Salt anticline

Salt weld
Salt sheet

D.

Slow aggradation Truncated crest

E / /Trailing fault system
- Slow aggradation Passive wall vy
7___
6 -
4, ==

F. Slow aggradation Diapir with overhang Jr

6 5
S 3
[]
0 20 Step 2 Step 1

cm

- Salt source layer 1 = Prekinematic layer 2-7 = Synkinematic layers

Figure 6.15. Evolution of salt structures during progradation atop a salt basin that is underlain by a stepped basement (modi-
fied from Ge et al., 1997).



Figure 7.21. Distribution of diapir associated breccias. 1) Slabs of anhydrite in granular
halite; 2) internal flowage breccia formed by dismemberment of competent internal
beds; 3) breccia pockets in “clay sheath”; 4) transported flowage breccia of wallrock
fragments incorporated into outer zones of stock; 5) peridiapiric ablation breccia,
extent is greater in zones of former salt glaciers; 6) caprock breccia; 7) false caprock
breccia, a dissolution breccia generated by salt collapse (after Laznicka, 1988).



Schematic profile through an Iranian salt glacier, based
on work by Chris Talbot (1979).

The Anguru salt plug in southern Iran, where impure salt with elements of reddish-brown shales and greenish volcanic

rocks flows out from the mountain in the central part of the picture, covering younger sedimentary strata (yellowish).
Photo: Mahmoud Hajian.



(a) Extrusive advance
Gravitational spreading

Frontal

(b) Open-toed advance
Minibasin Open (exposed) toe

(c) Thrust advance

Extension Frontal
— —— _thrusting

(d) Salt-wing intrusion

Postkinematic
Synﬁine ¥
= AL
Prekinematic

Thin salt layer

Deep salt layer

Figure 19.19 Schematic development of different
allochthonous salt structures (salt sheets). Based on Hudec
and Jackson (2006).
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