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ABSTRACT KEYWORDS
Salinization of aquifer watersis apervasive problem worldwide. Increased Africa;
salinity in groundwater can come from adiverse number of sources, among Egypt;
them dissolution of evaporites, evapoconcentration and seawater intru- Salinization,
sion. Additionally, as groundwater becomes more saline geochemical evo- Salt-water/fresh-water
Iution including exchange, precipitation and dissolution reactions can be relations;
facilitated and potentially alter water quality. Inthe current investigation we Coastal aquifers.

use a set of groundwater physical and chemical observations from aregion
close to El Bardaweil lagoon on the Mediterranean coast of Egypt. We
investigate seawater intrusion and evaporite dissolution of sabkha depos-
its as the origin of the variability in total dissolved solids in the aquifer
system. In addition, we investigate the impacts of increased salinity on
mineral equilibrium reactions and geochemical evolution of the groundwa-
ter system. The dissolution of evaporites is identified as the source of
salinization in this system with those evaporites likely originating from the
sabkha deposits found in the area. We a so hypothesi ze that dolomitization
is occurring in this system through the addition of Mg from dissolution of
Mg-rich evaporite mineralsby meteoric waters, and aresulting shift in satu-
ration indicesfor dolomite. The mechanism we proposediffersfrom existing
mechanismsin that it can occur in oxidizing environments and occurs after
sabkha deposits are no longer in direct contact with seawater. The study
also implies that development efforts by Egypt in the area to utilize Nile
river water for agricultural purposes should proceed carefully asirrigated
fields should be placed carefully to avoid dissolution of underlying evapor-
ite deposits. © 2009 Trade Sciencelnc. - INDIA

INTRODUCTION ing*¥l. Intrusion of seawater into freshwater agquifers

can lead to degradation of water quality and risksto

Seawater intrusonisapervasveproblemincoasa  humaninfrastructurethrough increased corrosion. Ad-

aquifersaround theworld and can occur both dueto  ditionally seawater intrusion can lead to aseries of ex-

gatic shiftsinthegroundwater tableaswell asdynami-  change, dissol ution and preci pitation reactionsthat can
cdly through upcoming of sdinewatersduringpump-  further dter aquifer water quality!™.
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Whileseawater intrusion can beinduced by human
activitiesitisalsowell known to occur dueto natural
interactions between land and seaiin coastal sabkha
environments®, Intheseenvironmentsitiswell estab-
lished that dolomitization can occur® athoughit need
not occur inagiven sabkhaenvironment(®. Sinceitis
still not certain how the hydrol ogy of sabkhasfunction
and what rolethey may play in dolomiteformationin
modern times (and by inferencein geol ogic time)613
additional studieson the hydrol ogic and geochemical
processesin coastal environmentswhere sabkhasare
present are necessary.

Duetotheir geographic position sabkhasrepresent
the terminus of terrestrial aquifer systems. Asfresh
groundwaters (Cl < 200 mmol/L) migrate through
sabkhadeposits, they dissolve solutesfrom evaporite
minerals. It hasbeen shownthat direct rainfal and sub-
sequent infiltration and recharge can a so beamajor
sourceof water in ssbkhadominated regions. Itislikely
that until minera dissolution and evapoconcentration
occur that local rechargeresultsin afreshwater lens
overlying morebrackishwaters. Ineither of thesesitu-
ations, asfresh and salinewaters mix and fresh water
inputsinteract with sabkha deposits the chemistry of
the systemwill continueto evolve and be subjecttoa
seriesof dissolutionand precipitation reactions. Given
that sabkhadeposits are one of several placeswhere
dolomitizationiscurrently occurring investigations of
fresh/salinewater interaction should proveaproduc-
tiveavenuefor research into the possible controlson
dolomitizetion.

While much research has been done on sabkha
systemsand in parallel much work hasbeen doneon
seawater intrusion therearefew studiesthat focuson
understanding the salinization of groundwatersin near
coastal environmentswhere both sabkhaand seawater
intrusion processes areoccurring. Here, weinvestigate
the geochemical evolution of groundwatersin anear
coastal environment on the north coast of Egypt be-
tweentheNileDdtaand theedgeof El Bardawell Lake
(acoastal lagoon). Theland surface abovethe aquifer
system variesbetween sand dunes and the surface ex-
pression of sabkhadeposits. These surface properties
alow for both loca rechargeand moreregionaly driven
hydraulicgradients. Thissettingisided for investigating
thefollowingquestions:

(1) Aredinity differencesin thiscoasta aquifer caused
by evaporite dissol ution or seawater intrusion ?
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Figurel: Map of Region between El Bardaweil and El Tina
Plain. Crosschecked areas are surface expressions of
Sabkhas. Coastal plain, Aeolian sand and mobile sand
dunesareall areasdominated by sand depositsof different
typesand geomor phic mobility

(2) How does chemicd evolution of the system affect
thediagenetic reactionsthat areoccurring ?

(3) What insight can conditions observed heretell us
about mineral precipitation conditions in other
hydrogeol ogic systems?

Sitedescription

Theinvestigated areaislocated immediaey tothe
west of El Bardawell Lake, North Sinal, Egypt. It lies
roughly within arectangle defined by 30° 55’ N and
31°5’ N and 32° 30’ E and 32° 45’ E. Aeolian sand,
slt, clay, shell fragmentsrelated to the Quaternary pe-
riod cover the surface of thestudy area At El Tinaplain,
thethickness of the Quaternary depositsisabout 455
m. These deposits are sand, silt and clay, where the
main sourceof depositionistheNileRiver (Pelusium)
with normal regression of the M editerranean Sea. In
the subsurface, thegeol ogic successionisrepresented
by Pre-Miocene calcareous deposits, Miocene and
Plioceneclay, Lower Pleistocene (Kurkar Formation)
and Upper Pleistocene (gravelly deposits) (Figure 1).

ClosetotheMediterranean Sea, marshesand ponds
compriselargefractionsof the surface of thestudy area.
Most of theselentic and near lentic environmentsare
connected to El Bardawell |ake (acoastal sabkha). To
the south, depressions between aeolian dunes upland
depositsare covered with sabkhadepositsdueto the
evaporation of seawater/groundwater or both (conti-
nental sabkha) during the recent geologic past.
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METHODS

Sampling

Intheinvestigated area, 70 groundwater samples
were collected during March (2007). The depths to
thegroundwater surfacewere measured using an elec-
triclinesounder (Richter measuring tool, 100-200 m)
and well locationswere estimated using afield GPS
instrument (M agellan colour trak). Sampleswere col-
lected using aperistaltic pump at the surface. Samples
for analyseswereimmediately filtered through 0.45
micrometer cellulose membranefilters. The performed
chemica anaysesincluded thedetermination of E.C,
pH, T.D.S, Ca, Mg, Na, K, Alkainity, SO,, Cl, and
Br. These groundwater sample analyseswere carried
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out at the central lab of Desert Research Center ac-
cording to the methods adopted by Fishman and Fried-
man3, and Rainwater and Thatcher'3. Theinstruments
used wereapH meter, E.C meter, Flame photometer,
Spectrophotometer, lon anayzer (Ilon Selective Elec-
trode) and ICP.

These datawere subsequently used in graphical
andysesto understand geochemicd interactionswithin
theaguifer system. Thesegraphsincluded mixing plots
aswel asgraphsof ionratios. Comparisonsweremade
to seawater composition and the popul ation of samples
was divided according to high and low chloride con-
centrationsto aid in the visualization of the processes
occurring intheaquifer system (TABLES 1-6, inclu-
sve).

TABLE 1: Longitudesand latitudesand some hydrogeological data

Well D.T.W Well D.T.W W.L
no. Lat. Long. (m) W.L (m) No. Lat. Long. (m) (m)
1 30.9279418726 32.5099574182 0.5 7.96 36 31.0168781623 32.6370654319 6
2 30.9326679584 32.5136189511 1.44 7.56 37 31.022033903 32.6279115451 1.35 -1
3  30.9396854779 32.50760356 3 38 31.0241821184 32.633403899 55
4 30.9359618906 32.5455267274 2.6 6.6 39 31.0238956817 32.6378500149 9
5 30.9525748 32.5452651816 2.4 6.12 40 31.0237524634 32.6572039174 0.85 8.45
6  30.9845116536 32.5334959453 3 41 31.0277624873 32.652757747 4.3 2.7
7 30.9822202199 325434344151 3.69 0.45 42 31.0390764375 32.6279115451 135
8 30.9774941341 32.5633114093 4.5 1.18 43 31.0382171275 32.6226807916 3.71 2.29
9  30.9746298569 32.5803114537 5 1.04 44 31.0449482402 32.6284346368 7
10 30.9729112667 32.5897268318 4 45 31.0499607328 32.6286961827 7 1.17
11 30.9235022236 32.5818806743 2.52 7.4 46 31.0511064496 32.6221576999 3.5 -2.92
12 30.9346729554 32.6263423245 2.1 3.2 47 31.0624204297 32.6276499992 11 1.19
13  30.9255072206 32.6305269491 1.63 0.37 48 31.0714429462 32.6247731039 8
14  30.9664666206 32.6130038131 49 31.0629932732 32.6187576583 6 1.89
15 30.9797855678 32.6098653719 6.12 5.35 50 31.0645686451 32.6124807214 8
16 30.9868030873 32.5991422645 3.7 3.96 51 31.0733047249 32.6143115424 7 1.78
17 31.0114360147 32.5808344909 3 3.92 52  31.0758825953 32.6101269177
18 31.0177374424 32583188349 2.5 53 31.0680057956 32.6017576685 2.5 3.37
19 31.0088581443 32.5886807029 2.2 3.76 54  31.0389332192 32.5962653146 9.95 -0.3
20 31.0185967226 32.6072499679 2 55 31.0767418755 32.5884191571 3 3.51
21 31.0100038611 32.61221923 0.5 3.14 56 31.0415110896 32.5716806586
22 30.9969713207 32.6098653719 5.35 57 31.076169032 32.5698498921 3 1.17
23 30.9916723914 32.609603826  4.85 3.82 58 31.0753097219 32.563834501 6
24 30.9812177214 32.6229422829 7.82 3.54 59 31.0768850938 32.5536344308
25 30.9873759607 32.6344500279 3.75 60 31.0668600788 32.5528498478 8.7 0.96
26  30.985084527 32.64648081 3.6 0.41 61 31.0525386031 32.5596498764 6 1.94
27  30.970619833 32.6595577756 6.8 -2.72 62 31.0498175144 32.5528498478 5.85 2.65
28 30.9802152229 32.6760347282 0.98 1 63 31.0627068365 32.548926769 5 2.6
29 30.9869463057 32.6598193215 64  31.072159008 32.5476190397 6 2.28
30 30.9996924094 32.6572039174 3 65 31.0763122204 32.5452651816 3.1 3.85
31 30.9995491911 32.645696227 7 0.68 66 31.0682922024 32.5426498321 3
32 31.0002652529 32.6336653903 2.05 3.57 67 31.062133993 32.5429113234 8 271
33 31.0052777754 32.6300038574 1.8 3.3 68 31.0525386031 32.5395113364 5
34 31.0088581443 32.6454346811 3.5 2.55 69 31.0301971095 32.5157112634 5.3 171
35 31.0118656398 32.6781270405 2.75 3.85 70 31.0582671874 32.5196343967 6 6.65
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TABLE 2: Thehydrochemical analysesdata of thegroundwater samples (mg/l)

ngl pH E.C (Lzlsl) Ca Mg Na K CO; HCO;3 SO, Cl ';‘:giggi
1 84 6510 4166 224 145.8 950 23 435 5749 5125 194425 54.41016
2 7.7 5450 3488 187.1 9554 1000 20 Nil 110.71 400 1730.8 90.81757
3 8.3 8260 5286 400 170.1 1100 39 218 6192 73333 2398.75 54.42751
4 7.8 10859 6950 394 287.28 1800 56 Nil 224.78 800 3500.9 184.3914
5 7.1 4518 2892 150.6 90.36 810 9 104 380 1400.2 85.31323
6 83 3760 2406 152 29.16 520 24 435 70.77 80 1111 65.304
7 8 2357 1509 9457 43.09 420 11 104 160 728.7 85.31323
8 8.3 6110 3910 280 140.94 825 195 66.34 350 1893.75 54.42
9 84 6250 4000 280 1215 860 195 66.35 400 1893.75 54.4282
10 83 6420 4018 256 126.36 850 16 435 66.35 425 1792.75 61.67819
11 7.8 38906 24900 510.2 1549.7 4300 31 41.09 20.89 538.8 11621.7 85.61974
12 8.8 2700 1728 48 58.32 420 37 435 112.79 280 662.4 99.77383
13 74 6701 4289 98.3 15485 1250 15 7.74 106.64 520 2192.89 100.3789
14 8.2 13520 8652 608 306.18 1750 33 53.08 400  4469.25 43.54256
15 7.9 23062 14760 612.24 619.9 2760 23 16.43 45.95 2072 5544 65.07699
16 8.3 4706 3012 11428 7182 940 9 132.85 220 1591 108.9794
17 8.1 9500 6080 392 193.18 1700 195 35.38 1000 3156.25 29.0229
18 8.2 11910 7622 464 22234 1800 305 1305 26.34 900 3512 43.35719
19 7.9 11000 7041 354.67 257.35 1800 36 117.42 875 3659.47  96.32192
20 8 23000 14720 1080 279.45 3700 32 435 79.61 1900 6767 72.55563
21 8.1 15860 10150 702 388.8 2000 32 84.04 1250 4710 68.93965
22 7.1 5580 3571 25714 496 925 13 1232 142.05 344.05 16335 137.0597
23 7.8 10615 6794 3842 24538 1750 16.5 106.01 850 3495 86.96207
24 7.7 7662 4904 330.2 22443 1200 16 19.8 12745 500 2550.2 137.5497
25 83 15020 9612 284 22842 2700 435 1887 774 420 5100.5 94.9427
26 7.9 10479 6707 177.33 149.62 2200 35 132 2013 400 3631.2 187.1303
27 7.1 55100 35264 2060 952.1 8460 40 4112 170.36 1400 18500 208.2829
28 7.6 115312 73800 612.24 2355.6 19000 300 61.64 29.14 680 35815 126.6373
29 8.2 22000 14656 78 19.44 5100 58 207.83 860 7575 170.487
30 89 1338 856 30 12.44 225 10 204 190.11 80 234.15 189.9509
31 8 2512 1608 157.63 95.76 280 6 134.39 4433 544 110.2427
32 74 21229 13587 784.28 57171 3500 81 221.43 1300 7240.2 181.6433
33 79 5734 3670 295.26 136.46 850 23 6.6 140.91 600 1688.2 126.5912
34 8.7 4800 3072 418 98.41 460 18 435 90.67 860 1010 81.62836
35 8 50220 32141 2064.1 972.77 8486.7 39.93 4552 168.28 1450 18563 21391
36 8.3 10320 6604 770  256.36 1000 32 97.31 1150 2903.75  79.82529
37 8.1 9942 6362 43.86 150.17 1638.7 43 16.55 101 1260 27225 110.4356
38 82 10880 6963 533.12 166.7 1600 49 44.23 400 3480 36.28273
39 8.6 3600 2304 156.8 85.73 510 17 99.52 120 1200 81.6382
40 7.3 116250 74400 1632.6 2107.6 18000 198 125.34 59235 34155 102.8188
41 81 2140 1370 4728 31.12 410 8 16.5 25498 400 330.35 236.665
42 8.6 3700 2368 156.8 83.35 440 16 217 90.67 100 1058 77.99503
43 81 2320 1485 128.07 71.82 320 8 16,5 144.25 160 709.29 145.8311
44 8.7 2220 1420 86.24 54.77 320 18 435 181.34 90 620 156.0067
45 8.8 1000 640 48 25.1 140 7 217 11942 70 260 101.5792
46 8.8 5770 3692 196 142.88 840 385 435 10394 280 1852 92.514
47 85 4010 2566 196 88.11 550 135 101.73 120 1287.75 83.4511
48 8.8 5580 3571 196 135.74 900 45 154.81 110 1730 126.9937
49 8.8 2670 1708 100 59.54 420 135 165.86 80 812.4 136.0582
50 8.8 1547 990 141.12 26.2 150 7.5 87 136.11 100 388 126.1537
51 8.2 10800 6912 266.56 285.77 1600 45 163.65 260 3612 134.2453
52 85 6800 4352 46256 195.27 740 29 137.11 40 2498 112.474
53 7.7 10509 6726 450.19 271.3 1650 17 134.2 640 3631.1 110.0869
54 75 6055 3875 400 83.26 916.98 15 16.55 101 365 1979 110.4356
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TABLE 3: Thehydrochemical analysesdata of thegroundwater samples(mmol/L)
Ca Mg Na K CO; HCO; SO, Cl

Well no. (mmol/L) (mmol/L) (mmol/L) (mmol/LO (mmol/L) (mmol/L) (mmol/L) (mmol/L)
1 5.5888 5.995296 41.306 0.58834 0.072493  0.942261 5.335125  54.82785
2 4.668145  3.928605 43.48 0.5116 1.814537 4.164 48.80856
3 9.98 6.994512 47.828 0.99762 0.03633 1.014869  7.633965  67.64475
4 9.8303 11.81295 78.264 1.43248 3.684144 8.328 98.72538
5 3.75747 3.715603 35.2188 0.23022 1.70456 3.9558 39.48564
6 3.7924 1.199059 22.6096 0.61392 0.072493 1.15992 0.8328 31.3302
7 2.369522  1.771861 18.2616 0.28138 1.70456 1.6656 20.54934
8 6.986 5.795453 35.871 0.49881 1.087313 3.6435 53.40375
9 6.986 4.99608 37.3928 0.49881 1.087477 4,164 53.40375

10 6.3872 5.195923 36.958 0.40928 0.072493  1.087477 4.42425 50.55555
11 12.72949  63.72366 186.964 0.79298 0.684765  0.342387 5.608908  327.7319
12 1.1976 2.398118 18.2616 0.94646 0.072493  1.848628 2.9148 18.67968
13 2452585  6.367432 54.35 0.3837 0.128987 1.74783 5.4132 61.8395
14 15.1696 12.59012 76.09 0.84414 0.869981 4.164 126.0329
15 1527539  25.49029  120.0048 0.58834 0.273806  0.753121 2156952  156.3408
16 2.851286  2.953238 40.8712 0.23022 2.177412 2.2902 44.8662
17 9.7804 7.943562 73.916 0.49881 0.579878 10.41 89.00625
18 11.5768 9.142621 78.264 0.78019 0.217478  0.431713 9.369 99.0384
19 8.849017  10.58223 78.264 0.92088 1.924514 9.10875 103.1971
20 26.946 11.49098 160.876 0.81856 0.072493  1.304808 19.779 190.8294
21 17.5149 15.98746 86.96 0.81856 1.377416 13.0125 132.822
22 6.415643  0.203955 40.219 0.33254 0.205313 2.3282 3.581561 46.0647
23 9.58579 10.09003 76.09 0.42207 1.737504 8.8485 98.559
24 8.23849 9.228562 52.176 0.40928 0.329967  2.088906 5.205 71.91564
25 7.0858 9.39263 117.396 1.11273 0.314469  1.268586 4.3722 143.8341
26 4424384  6.152374 95.656 0.8953 0.219978  3.299307 4,164 102.3998
27 51.397 39.15035  367.8408 1.0232 0.685265 2.7922 14.574 521.7
28 1527539  96.86227 826.12 7.674 1.027231  0.477605 7.0788 1009.983
29 1.9461 0.799373 221.748 1.48364 3.406334 8.9526 213.615
30 0.7485 0.511533 9.783 0.2558 0.339966  3.115903 0.8328 6.60303
31 3.932869  3.937651 12.1744 0.15348 2.202652  4.614753 15.3408
32 19.56779  23.50872 152.18 2.07198 3.629238 13.533 204.1736
33 7.366737  5.611235 36.958 0.58834 0.109989  2.309515 6.246 47.60724
34 10.4291 4.046619 20.0008 0.46044 0.072493  1.486081 8.9526 28.482
35 51.4993 40.0003 369.0017 1.021409  0.758591  2.758109 15.0945 523.4766
36 19.2115 10.54152 43.48 0.81856 1.504911 11.9715 81.88575
37 1.094307 6.17499 71.25068 1.09994 0.275806 1.65539 13.1166 76.7745
38 13.30134  6.854704 69.568 1.25342 0.72493 4.164 98.136
39 3.91216 3.525218 22.1748 0.43486 1.631133 1.2492 33.84
40 40.73337  86.66451 782.64 5.06484 2.054323  61.66364 963.171
41 1179636  1.279654 17.8268 0.20464 0.274973  4.179122 4.164 9.31587
42 3.91216 3.427352 19.1312 0.40928 0.036163  1.486081 1.041 29.8356
43 3.195347  2.953238 13.9136 0.20464 0.274973  2.364258 1.6656 20.00198
44 2.151688  2.252142 13.9136 0.46044 0.072493  2.972163 0.9369 17.484
45 1.1976 1.032112 6.0872 0.17906 0.036163  1.957294 0.7287 7.332
46 4.8902 5.875226 36.5232 0.98483 0.072493  1.703577 2.9148 52.2264
47 4.8902 3.623083 23.914 0.34533 1.667355 1.2492 36.31455
48 0.48902 5.581629 39.132 1.1511 2.537336 1.1451 48.786
49 2.495 2.448285 18.2616 0.34533 2.718445 0.8328 22.90968
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TABLE 4: lodideand Bromideconcentrations(mg/l) or (ppm)

Equilibriummodeling

Nlo' 0'04 2'31“4 '\ég 0(')65 2%r9 5'18' | Br Results of these analyses were used within
5 . o s - i PHREEQC!™ to cal culate saturation indices of major
3 0038 208 27 007 251 51 - . minera sthat might beether dissolving or precipitating
4 - - 28 0084 337 52 007 563 withintheaquifer system of El Bardaweil. Both the
S - - 29 0071 309 53 - - PHREEQ and PITZER databaseswere used for these
(73 0.035 20.7 gg 0075 328 2‘5‘ (%’55 gig cd culations. Groundwater temperatureswere not mea
8 0042 227 32 - . 55 - N sured during sample collection, and were assumed to
9 0045 284 33 - - 57 0063 323 beapproximately equal tothemeanannual tempera:
10 0.044 254 34 0065 209 58 0.058 282 ture(21.5°C) asobserved at Port Said on the Medi-
11 0.056 238 35 009 358 59 0.052 243 ta‘raqea’]Coﬁwmes(_')kmfromthegudyb@n. There
120068 289 36 0064 295 60 0072 324  j5ngLnown geothermal activity inthebasin. Ground-
13 - - 37 0059 329 61 0.068 293 :
14 0058 307 38 0055 344 62 0064 171 Wwatertemperatureslikely donot depart from meanan-
15 0055 282 39 0063 401 63 006 233 hud temperatureby morethan 5°C, whichshould have
6 - - 40 007 391 64 0039 129 minimd effect ontheequilibrium constantsthat arepart
17 005 481 41 - - 65 0053 229 of thesaturationindex caculationsusedin our andysis.
18 005 442 42 - - 960055 183 Afterinitial results, the PHREEQ databasewas dis
19 - - 43 005 157 67 0.058 20.9 . )
20 0049 554 44 - - 68 0061 253 cadedinfavorof thePITZER databasegiven gener-
21 0.057 483 45 - - 69 0028 178 dlyhighsdinitieswithintheaguifer sysseminthepar-
22 0056 509 46 0.063 194 70 - - ticular areaof interest (ionic strengths between 0.04-
23 0058 545 47 00s8 207 - - - 1.22moal/l). Thesaturation statefor dolomitewascal-
24 - - 48 0062 213 - - -
TABLES: CI/Br and | /Br ratios
Well no. Lat Long Cl/Br I/Br Cl/COzand HCO4
1 30.9279418726  32.5099574182 204.712844425234 0.00117686646570395 50.4342176516381
2 30.9326679584  32.5136189511 26.8986318217061
3 30.9396854779  32.50760356  259.853404543269 0.00115027380998852 62.2041967780415
4 30.9359618906  32.5455267274 26.7973712863899
5 30.9525748  32.5452651816 23.1647111277984
6 30.9845116536  32.5334959453 120.934572 0.00106458089711625 24.0119505634418
7 30.9822202199  32.5434344151 12.0555099263153
8 30.9774941341 325633114093 187.976494823789 0.00116494226803382 49.1153602009211
9 30.9746298569 325803114537 150.248818045775 0.000997642963444458 49.1079577351787
10 30.9729112667 325897268318 159.035021893701 0.00109068648042012 41.0243104229666
11 30.9235022236  32.5818806743 1100.27048192773 0.0014814671980038 191.579462274771
12 30.9346729554  32.6263423245 51.6451138878893 0.0014814671980038 9.37037289154847
13 30.9255072206  32.6305269491 30.8338520549453
14 30.9664666206 32.6130038131 328.022044973941 0.00118951682184995 144.868475318777
15 30.9797855678  32.6098653719 442.976688 0.0012279892111113  120.240001938104
16 30.9868030873  32.5991422645 20.6052921094612
17 31.0114360147 325808344909 147.853999740125 0.000654494344232446 153.491284893966
18 31.0177374424  32.583188349 179.035435221719 0.000712243845194133 114.326400682645
19 31.0088581443  32.5886807029 53.6224027076345
20 31.0185967226  32.6072499679 275.22835232491 0.00055688726350955 131.637086111537
21 31.0100038611  32.61221923 219.725537142857 0.000743034013905631 96.4284127463055
22 30.9969713207  32.6098653719 72.311623956778 0.000692709613211991 16.8214163056511
23 30.9916723914  32.609603826 144.496536110092 0.000670058099647589 56.7244769925409
24 30.9812177214  32.6229422829 26.1678368981228
25 30.9873759607  32.6344500279 549.88671091866 0.00195815939449066 75.8235953687933
26 30.985084527  32.64648081 27.3879332963703
27 30.970619833  32.6595577756 1660.75192828685 0.00175592227651844 125.363559127433
28 30.9802152229  32.6760347282 2394.64871412463 0.00156938809996248 399.168592918092

Countinue next page
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TABLES: Cl/Br and I/Br ratios

Well no. Lat Long Cl/Br I1/Br Cl/CO3and HCO;,
29 30.9869463057  32.6598193215 552.371059223301 0.00144670785436131 62.7111195829111
30 30.9996924094  32.6572039174 16.0852226542683 0.00143968801635277 1.73982666472633
31 30.9995491911  32.645696227 6.96469496930541
32 31.0002652529  32.6336653903 784.321258811538 0.00211892543945255 56.2579959973413
33 31.0052777754  32.6300038574 18.8223366124686
34 31.0088581443  32.6454346811 108.888457607656 0.00195815939449066 17.4635882468248
35 31.0118656398 32.6781270405 1168.34713109497 0.00158285252300685 122.481460368094
36 31.0168781623  32.6370654319 221.79102361017 0.00136596297578655 51.3418962777168
37 31.022033903  32.6279115451 186.457024285714 0.00112911215774909 34.7946186389788
38 31.0241821184  32.633403899 227.943682325581 0.00100666557422496 135.373126525234
39 31.0238956817  32.6378500149 67.4285206982544 0.00098918414530054 20.7463181416007
40 31.0237524634  32.6572039174 1968.26826705882 0.00112720330282898 468.850900048512
41 31.0277624873  32.652757747 1.97012324354485
42 31.0390764375  32.6279115451 19.1457294074607
43 31.0382171275 32.6226807916 101.796053895287 0.00200517057054654 6.86478584415217
44 31.0449482402  32.6284346368 5.60920798137296
45 31.0499607328  32.6286961827 3.6126149439276
46 31.0511064496  32.6221576999 215.10277385567 0.00204465382611091 28.2544401426593
47 31.0624204297  32.6276499992 140.174163 0.00176416262950694 21.7797388881922
48 31.0714429462  32.6247731039 183.009341408451 0.00183270707358686 19.2272532777391
49 31.0629932732  32.6187576583 8.42749315472733
50 31.0645686451  32.6124807214 4.34095233629098
51 31.0733047249  32.6143115424 37.9753588766932
52 31.0758825953  32.6101269177 99.9748583872114 0.000782835686334155 31.346817679645
53 31.0680057956  32.6017576685 46.553876314026
54 31.0389332192  32.5962653146 152.189584832765 0.00128933152044699 25.2923967994634
55 31.0767418755 32.5884191571 322.765281432692 0.00110991332542752 75.5885055531376
56 31.0415110896  32.5716806586 55.9981596135188
57 31.076169032  32.5698498921 246.600330464396 0.00122805833518736  76.3997520248
58 31.0753097219  32.563834501 332.8917075  0.00129497044080828 72.0286232978701
59 31.0768850938  32.5536344308 194.330048777778 0.00134734259571539 40.7682020420058
60 31.0668600788 32.5528498478  110.9718927  0.00139916346478136 65.7132526313053
61 31.0525386031 32.5596498764  194.1782221843 0.00146124238983992 98.223317378223
62 31.0498175144 325528498478 331.054452126316 0.00235648583542124 37.5880670903076
63 31.0627068365  32.548926769 241.415422702146 0.00162134822099128 29.0963912338947
64 31.072159008  32.5476190397 290.632561702326 0.0019035130858072 20.3175764734818
65 31.0763122204  32.5452651816 266.649373100437 0.00145720736397535 70.2746220263151
66 31.0682922024  32.5426498321 310.897372131148 0.00189231124335184 54.580261652585
67 31.062133993  32.5429113234 206.359798719617 0.00174728069046859 59.5873915556594
68 31.0525386031  32.5395113364 173.156319 0.00151806470783591 44.4899766229802
69 31.0301971095 325157112634 198.322779094382 0.000990419081811527 21.714221175427
70 31.0582671874  32.5196343967 24.4797733601971

culated usingtheK equilibriumvaluefor moderately  phase.

ordered sedimentary dolomite from Hyeong and

Capuano” (Log Ksp = -8.42 at 21.5°C versus-8.54

for PHREEQ database). To comparetheion activity
product (IAP) for dolomiteonthesamemolar basisas
cd cite, the squareroot wastaken of the|AP dolomite
from PHREEQ. Saturationindicesreported by PHREEQ
vary from negativeva ues (undersaturated) to positive
values (super-saturated) with avalue of zero (+0.25
for caciteand dolomite'¥) indicating equilibrium be-
tween the aqueous sol ution and the particular minera

Reaction path modeling

After graphicd anadysisand equilibrium modeling
with the compositionsfor the sample analysesfor El
Bardaweil system somesimplereaction path modeling
was conducted for the system to determinewhat min-
eralsmight beeither dissolving or precipitating to ex-
plainthevariability in solutionsobserved intheaquifer
system. Two end member compositionsweredefined
asthedilutewaters (Cl <50 mmol L-1) andthesaline
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TABLE 6: Valuesof saturation Indicesof minerals
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TABLE 6: Valuesof saturation I ndicesof minerals

Waell no. Calcite Gypsum Dolomite Halite Aragonite

Well no. Calcite Gypsum Dolomite Halite Aragonite

1 0.57 -0.9 1.45 -4.42 0.38
2 0.16 -1.06 0.38 -4.45 0.01
3 0.73 -0.62 1.45 -4.29 0.59
4 0.74 -0.69 171 -3.94 0.60
5 -0.53 -1.13 -0.93 -4.62 -0.67
6 0.62 -1.65 0.87 -4.89 0.47
7 0.26 -1.52 0.54 -5.15 0.12
8 0.66 -0.99 1.37 -4.50 051
9 0.74 -0.92 1.48 -4.48 0.60
10 0.67 -0.93 1.40 -4.51 0.53
11 0.33 -1.14 1.53 -3.11 0.18
12 0.74 -1.59 1.92 -5.19 0.60
13 -0.41 -1.28 -0.26 -4.26 -0.55
14 0.66 -0.84 1.39 -3.85 0.52
15 -1.22 -1.93 -0.38 -3.59 -1.36
16 0.64 -1.46 1.43 -4.50 0.49
17 0.23 -0.56 0.50 -4.00 -4.00
18 0.55 -0.56 114 -3.94 0.41
19 0.51 -0.69 1.25 -3.92 0.37
20 0.82 -0.10 141 -3.39 0.67
21 0.77 -0.36 1.65 -3.79 0.63
22 -0.10 -0.94 -1.56 -4.50 -0.24
23 041 -0.66 0.99 -3.95 0.27
24 0.51 -0.87 121 -4.23 0.37
25 0.77 -1.12 1.82 -3.61 0.63
26 0.55 -1.25 1.39 -3.83 041
27 0.58 -0.22 1.23 -2.63 0.44
28 0.30 -1.20 161 -1.98 0.15
29 0.33 -1.43 0.43 -3.19 0.19
30 1.03 -2.14 2.03 -5.88 0.88
31 0.53 -0.96 1.19 -5.46 0.39
32 0.53 -0.42 1.28 -3.38 0.38
33 0.66 -0.75 1.33 -4.54 0.51
34 1.30 -0.43 2.32 -5.02 1.16
35 1.43 -0.21 2.94 -2.63 1.29
36 1.10 -0.27 2.07 -4.27 0.95
37 -0.12 -1.34 0.63 -4.07 -0.27
38 0.57 -0.81 1.00 -3.99 0.43
39 0.95 -1.54 1.99 -4.87 0.81
40 0.30 0.13 112 -2.02 0.15
41 0.47 -1.42 1.10 -5.50 0.32
42 0.32 -1.60 1.97 -4.99 0.80
43 0.71 -1.43 1.52 -5.28 0.57
44 114 -1.79 243 -5.33 0.99
45 0.89 -1.99 1.85 -6.03 0.74
46 1.16 -1.21 2.54 -4.50 1.01
47 0.95 -1.47 191 -4.81 0.81
48 0.38 -2.53 1.96 -4.48 0.23
49 1.20 -1.82 2.53 -5.11 1.05
50 1.36 -1.48 2.35 -5.85 122
51 0.86 -1.29 211 -3.97 0.71
52 1.32 -1.79 2.63 -4.44 117
53 0.49 -0.72 1.13 -3.96 0.35
54 0.36 -0.83 0.38 -4.44 0.21

tobecountinuein right column

55 1.03 -0.71 2.24 -3.82 0.89
56 0.59 -0.77 1.27 -4.11 0.44
57 117 -0.57 2.39 -4.05 1.03
58 1.05 -0.81 2.18 -3.96 0.91
59 0.90 -0.73 1.79 -4.40 0.76
60 -0.18  -0.83 -1.37 -459 -0.32
61 0.94 -0.67 191 -4.25 0.80
62 0.69 -1.13 1.64 -4.31 0.54
63 0.30 -0.72 0.71 -4.26 0.16
64 0.76 -1.27 1.53 -4.68 0.61
65 0.71 -0.66 1.40 -4.25 0.56
66 1.29 -1.09 2.66 -4.34 114
67 0.98 -0.92 1.96 -4.46 0.83
68 0.72 -0.92 144 -4.45 0.57
69 0.36 -0.86 0.83 -4.57 0.21
70 0.40 -0.71 0.93 -4.37 0.25

waters(Cl >200 mmo L-1). Themedian chemica com-
position of thesetwo end memberswereused asinitia
(dilutewaters) andfina (salinewaters) for thereaction
path modeling. Ten other combinationsof diluteand
sdinewaterswereusad for reaction path modeling, while
theseresultsare not reported they yielded similar inter-
pretations. Againthe PITZER databasewasused within
PHREEQC and after initial broad inclusion of phases
the input file was limited to the following minera
phasesthat could potentialy bedissolving or precipitat-
ing: hdite(NaCl), gypsum (CaSO,.2H,0), carbon di-
oxide (CQO,), calcite (CaCO,), dolomite (CaMg
(CQO,),), epsomite (MgSO,), mirabilite (Na,SO,
.10H.0), and leonite (K ,Mg(SO,),.4H.0). Available
mineral phaseswerelimited to theseto ensure area-
sonablenumber of phasesand that all major anionsand
cationsin available chemical analyseswere utilized.
Severd initid runswere completed withamuch longer
list of minera s (30), those salected wereacombination
of minerasclosest to saturation andincluding al pos-
sibledissolved chemica species.

RESULTS

Hydraulic headsintheregion of El Bardawell Lake
indicateacomplex inland flow regime dominated by
upland recharge and dischargeinto the sabkhasinthe
study area. Thereisalso amore coastal flow regime
running paralle tothe Mediterranean from east to west
(Figure2). Inthisaguifer system chloride concentra-
tionsserveasagood surrogatefor total dissolved sol-
ids. Comparisonsof chlorideconcentrationsto ground-
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water elevationsindicate no coherent relationship be-
tween the two environmental variables (Figure 3).
Groundwaters are dominated by sodium (Na‘) and
chloride (Cl -). Notably, sampleswith the highest Cl
concentrationshavethelowest Br/Cl ratios, which are
sgnificantly lessthan seawater (Figure4).

Mixing diagramsof the aqueous chemicd datain-
dicatethat seawater intrusion and mixingwith freshwa-
tersisunlikely to bethe sourceof increased sdinity in
theaguifersof theel Bardawell region (Figure5). The

31

et

+
Meditermanian  Sen

-

= i
£ Farfnt
Luke

dkm

o Bt

e I NS gcale =
23 278
Figure2: M ap of water tableelevationfor region. Arrows
utilizewater tableelevation derived fromall well locations

infigureltoindicatelikely direction of regional ground-

EPLET]

water flow

1000

15000 * *
000 +

]
b

2 8

Cloridemg/L
3

1{100KE *

Kinle )

0
4 &

it &
Lita™ .
1} & d E 2
Water Elavation mast
Figure3: Datashow littleto no cor relation between water
elevation above seaslevel and chloride concentration a
surrogatefor overall salinity inthissystem

10

0.1
o =0 224
= FE0.8671
= 0.
8
[®] -+
E LS
O oM -
g TE———
s} —4
0.0001 ;
0 PE0 500 750 1000 1250

Cloride(mmol/L)
Figure4: Graph showingchloridetobromiderelations
for groundwater sin El Bar dawell region. Water swith high
chlorideconcentrationsand low CI/Br ratiosareshownin
open squar es, remaining sampleswith closed diamonds
and seawater composition with grey background

g = F S & * g 5
S 7o [S] S
£ am g 2 a E 4« (=
IS
E = S i 3 :
£ o 1S o £ ¥
S m ; 4 S 2] e, O
g o o =) g| o
(% :\"_ g 0 2 a = % o =

D ° ¥ O O

j 5 2 6 &

o 250 500 75D e 1250 o 250 I 70 D0 1250 n =0 a0 7o mee 110
Chloride(mmol/L) Chloride(mmol/L) Chloride(mmol/L)
. 1a K] 1
- —~ - —
S m o = & B = -
IS o [ 50 o)
g = = :i""
g a E = E ‘ﬂ o
(7]

% & I: = 1] ® B4 & I? ]
& s € oo ¢
C Og = ] a] ooz
o > 10 b = .
@© E! n o o ] m
s n -l 1] a g

0 250 5 S0 4000 1250 o 35 S0 TER 00D A3EC 2 S0 S0 TSR W 120

Chloride(mmol/L)

Chloride(mmaol/L)

Chloride(mmol/L)

Figure5: All graphsshow Cl-rich water swith low Br/Cl ratioswith open squares, remaining sampleswith closed
diamondsand seawater composition in thegrey background star symbol

Snoivonmental Science =

A Tudéan Journal



ESAIJ, 4(1) January 2009

Sl Halite
L ]
-
L ]
g
+f

Sl Dolomite (1/2)
. -

0.5 o 05 1 1.5 2

Sl Galcite
Figure6: Saturation indicesfor El Bardaweil aquifer sys-
tem. Groundwater swith high chloride concentration and
low Br/Cl ratios are shown in open squar es, remaining
freshwater samplesareshown in closed diamonds

TABLE 7: Reaction path modeling results

Mean
Mineral flux  Stdev of Mineral
Mineral (+ dissolve, - Mineral flux formula
precipitate) mol/L
mol/L
Halite 2.74E-01 2.65E-04 NaCl
Gypsum -3.99E+00 4.24 CaS0,4:2H,0
Cadlcite 5.60E+00 8.34 CaCO;
Dolomite  -3.51E+00 4.17 CaMg(COs),
Epsomite  4.01E+00 4.25 MgSO,:7H,0
Mirablite  -3.52E-02 1.50E-04 N&S0,4:10H,0
Leonite -1.36E-04 3.60E-04 K,MQg(SO,),:4H,C

composition of seawater™ is off thetrend line con-
necting dilute and more concentrated waters. Thisre-
sultindicatesthat acomposition different from seawa:
ter ismixing with thefreshwater inthissystem or that
thereare exchange, mineral dissolution and precipita-
tion reactions occurring. Mixing with seawater better
explansmagnes umand sodium chemidry but doesmuch
morepoorly a explaining potassumvariaionwithchlo-
rideintheavailable sampleanalyses. Thesecationre-
sults may be explainable through cation exchange be-
tween seawater and aquifer materials.
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Resultsfor anionshowever again show asituation
that isnot likely to be explained by seawater intrusion
with both sulfate and bromide graphed against chloride
showing that mixing between fresh and seawatersis
not likely to beagood explanation of chemical concen-
tration variability inthe aquifer. Notably seawater is
much moreenrichedinbromidethan dl samplesinthe
aquifer. For sulfate, seawater isapotential component
but not areliable one ashigh chloride samplesconsis-
tently havelower sulfate concentrationsthan thosein
seawater and the higher sdinity samplesdo not plot on
anything resemblingamixinglinebetween thefreshwa:
ter samplesintheaquifer and seawater.

Saturation index resultsindicate several features
about the chemistry of thissystem. Theonly chemicas
to have positive saturation indices arecalcite (or ara-
gonite) and dolomite(Fgure6). Haiteand gypsum show
somevaiationinther saturationindicesbut theindices
for both are never super saturated and smply go from
large under saturation to only minor under saturation.
Notably the saturation indicesfor dolomiteand cacite
areonly under saturated in afew of thefreshwater wells
and al but one of thehigh calciteand dolomite satura-
tionindicesareinwell sampleswith el evated chloride
concentrations. Additionally, thehigh chloridewaters
contain the highest saturation indicesfor halitewhile
gypsum variability in saturation index issignificantly
greater in high and low chloridewaters. Most of the
high gypsum saturationindicesarefound in watersthat
aso haveeevated chloride concentrations.

Reaction path modeling of either median or spe-
cificdilutewater wellsevolvingintothechloriderich
wellsresultedindissolution of hditeinto thefreshwater
to explain the composition of the more Cl rich water
samples. Theresultsfor other mineral phasesare not
straightforward. Whilethe average of the ninework-
ablemodels, using themedian of diluteand sdlinewa
tersasinitia andfinad compaogtion, indicatesprecipita-
tion of gypsum, some model s show dissol ution and oth-
ersprecipitation. In all models somedissolution of a
sulfate bearing minerd is present along with the disso-
lution of cdl citeand the preci pitation of dolomite. Com-
bined, theresultsindicatechloride saltsaredissolving
along with the dissolution of calcium rich carbonates
and the preci pitation of magnesium rich carbonates.
Sulfate modd resultsaremoreambiguousbut in gen-
erd indicate moresulfate di ssol ution than precipitation
onaverage (TABLE7).
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DISCUSSION

Salinity source

Increasesin sdinity in thissystem gppear to bedue
to dissol ution of evaporite mineralsasopposedtoin-
trusion of seawater. Thisconclusion canonly bedrawn
by relying on several linesof evidence. First, the hy-
draulic head of the system does not have astrong cor-
relationtovariationintotd dissolved solids (Figure 3).
Thislack of correlation by itself isnot conclusive but
indicatesthat areas of lower hydraulic head wherewe
might expect seawater intrusion to bemost evident are
not infact the areas of highest salinity assuch amodel
might indicate (Figure 1 and Figure 2). Second, while
some dissolved species such asMgand Naappear to
be either a mixture of salt and fresh waters or of
evapoconcentrated water this sort of a mixing and
evaporation mechanism fallsgpart for SO, and Br and
by inferencefrom there Cl concentration (Figure5). In
particular, thelow Br/Cl ratiosof high Cl concentration
waters(shownin Figure 3) imply that dissol ution of Br-
depleted evaporite minerd sexplansthechemica com-
position of the system.

Chemical evolution

Thereaction path and saturation index modeling
donein PHREEQC appearsto support the evaporite
dissolution hypothesisviasevera means. First of all,
saturation indicesfor haitebecomemuch closer toone
for themore Cl rich watersin the system. Second, the
reaction path results cons stently include hditeasone
of themost prominent mineralsdissolvinginthissys-
tem. Somemay view thisasaresult of thelimited min-
erd assemblage usedin our modeding (NaCl istheonly
Cl bearing sdt). Whilecertainly over smplified it was
found when other chloride saltswereincluded it smply
resultsin dissolution of onesdt and precipitation of an-
other with thenet chemica changebeing dissol ution of
halite. Sointheinterest of smplicity themorelimited
minera assembl ageresultsreported herewere utilized.

Wedo not intend for our reaction path resultsto be
adefinitiveresult that is uncontestabl e but rather we
usetheresultstoindicatethe sortsof minera sthat must
be dissolving to explain the composition we observe.
They are one more piece of evidence that evaporite
dissolutionistheprocessdrivingthechemica evolution
of El Bardawell aquifer system.

ESAIJ, 4(1) January 2009

Sabkhasand dolomite

Extensiveresearch hasshown that coastal sabkhas
are one of the most important environments in the
present day wheredolomitization of sedimentscan oc-
cur. Most evidence points to interaction between
sabkhasand marinewater inputsthroughtida pumping
and subsequent geochemical reactionsinwhich mag-
nesium (from seawater) substitutesfor caciuminara:
goniteand thusresultsinformation of dolomitein situ3.
Existing studiesof sabkhasand theformation of dolo-
mite havefocused on aspecific set of chemical condi-
tions-arcum-neutra pH, sulfidereducing conditionsand
saturation with respect to gypsumi®81%23, Our system
Is not saturated with respect to gypsum (Figure 6).
Additionally thereislittleevidence of sulfatereduction
withinthissystem cong dering theincreasing sulfate con-
centrations, alack of increaseinakainity inthesystem
ingenera and with no general correl ation between de-
creasesin gypsum saturation S multaneousto increases
indolomite saturation. Instead of themoretraditional
hypothesized pathway of dolomitization occurringin
coastal sahbkaswith full connection to seawater and
tidal forced” hereit appearsthat dolomitizationisan
ongoing processwith theinteraction of freshwater re-
charge with the Mg-rich evaporites left behind in a
coastal sabkhafrom apreviousperiod of land seawa
ter interaction. Our hypothesishereissimilar toresearch
inthe near coasta zonein the Coorong basin of Aus-
traliawhereit hasbeen demondtrated that evaporating
groundwatersarecritica sitesof dolomiteformation*”,
however morerecently it hasbeen shown that sulphate
reduction isa so animportant processin the Coorong
digtrict of Australid?®, asindicatedinthisEl Bardawell
system sulfate reduction does not appear to bean im-
portant process.

Theevidencejustifyingthishypothesisisseverd fold.
First, thereisastrong positive correlation for calcite
and dolomite saturationindices (Sl) (Figure 6). Sec-
ond, many of the SI values for dolomite are greater
than oneagainindicating that the preci pitation of dolo-
miteispossible (Figure 6). Third, the molar ratio of
Mg/Cainthissystemisgreater than onefor 35% (25/
70) of thesamplescollected. Asstated by Margaritz et
al . aratio greater than onefor Mg/Caisafundamen-
tal precondition for dolomitization. Whiletheratiois
often greater than one (sometimesashigh as 12) there
isnot aspecific structureof thisratiorelatingitto other
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geochemical properties in the system (results not
shown). Fourth, inverse geochemical modelingwithin
PHREEQ indicatesthat dolomite precipitatesin this
system aswater evolvesfrom upland freshwater tolow-
land sdlinewater locations(TABLE 7). Thisdissolution
of calciteand precipitation of dolomiteisthe precise
mechanismthat isbelieved to occur during dolomitiza:
tion of limestones?.

Our modd of how thismight work isdissolution of
evaporitesand carbonate mineralsincreasesakalinity
and cal cium and magnes um concentrationsaongwith
theoverdl increasein salinity withhditedissolution. The
increasein calcium and magnesium likely comesfrom
sulfatesdtsand thusthe source of magnesum might be
epsomiteor asimilar minerd. Withtheincreaseinadka
linity, calcium and magnesium, the system becomes su-
persaturated with respect to dolomiteand calcite (Fig-
ure6). Thishypothesisdiffersfromtraditiona views
sinceinstead of dolomitization occurringinan organic
richreducing environment it instead occursinacarbon
poor sand aquifer sysemwith evaporitedissolutionin-
teractingwithincoming freshwater to causedolomitiza-
tionwithintheaguifer materia. The proposed mecha-
nism hypothesizesthat dolomitization occursdueto
groundwater-evaporitesinteraction asopposed to the
more commonly hypothesized seawater intrusion
mechanism. Thisinteractionwould still occur in coastal
environmentsthe causewould just beadifferencein
wheretheadditiond water and solutesarecoming from.
Instead of from the ocean the water and solutesorigi-
nate on land and interact with terrestrial evaporite de-
posits. Our proposed mechanism needsfurther docu-
mentationincluding mineralogica anays sof sediments
demonstrating the presence of dolomite.

CONCLUSIONS

Severd resultsfromthisstudy areof particular im-
portance. Firgt, thisnear coastal aquifer systemisnot
currently subject to seawater intrusion but rather to
evaporitedissolution, aprocessand problem likely to
be present in other recently coastal sabkhaenviron-
mentsin arid and semiarid seacoastsaround the globe.
Second, theidentification of dolomitization occurringin
thissystemisimportant aswemay haveidentified an
aternative mechanismfor dolomitization that involves
theinteraction of fresh groundwaterswith evaporitedis-
solution and precipitation of dolomite. Finally, the
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mechanism of salinization inthisregion indicatesthat
ongoingeffortstoirrigatethisregionwith Nileriver weter
should proceed carefully and avoid areas with evapor-
ites as much as possible due to the adverse soil and
water salinizationthat would likely occur.
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