) ) ) ) ) ) ) [ | [ | [ | [ | [ | [ | [ | [ | [ | o "

e e b P o G 46 4 e 5 -y ey Deformation Bands and the Expression in Siliciclastic Cover Rocks of Slip on Basement Faults in Southern Egypt i MS&

ates that cap the Sinn e‘-Ka | ab Plateau. In t ec-ar onates capping t e.P‘a.teau,. aults have ittetoPogra}? ic expression but are characterized by spectacu ar.eye— . . I Ia]]]]' |tOI] T
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i Eyes Along Faults on the Sinn el-Kaddab Plateau - ccanrt Lnivers - arci arei

are present along these faults as well but are much less common than along faults in the overlying carbonates. Hamilton College, Missouri University of Science and Technology, University of Nevada, & University of Vermont

O
- Southwest of Aswan, the E-W-striking Seiyal Fault cuts a sequence of siliciclastic rocks containing friable, porous quartz sandstone. The discontinuous resistant fins e deseribed in the infroduction below left . e Eye-shaped domes and basins are ubiquitous on faults in this region — our current inventory stands at S i I F I t i n C r t S n d t n - |
(D marking the surface expression of the fault consist of a core zone of deformation bands overprinted by joints and sheared joints cemented by calcite, with poikilotopic > liscrlhed e 1.n r;) t;lc ton below feb ’tirfewﬁus | about 500 domes and basins > 500 m in long dimension — and they occur on faults of all orientations. ‘ e ya a u e a Ce O u S a S O e " — — -
calcite extending from the veins into cement halos adjacent to the veins. Damage zones containing deformation bands lie adjacent to the fault core. The deformation WOTKETSs had Tecognize © presence o both fatllts an e Domes and basins along faults occur in rocks as old as the Cretaceous (Kharga and Tushka n : . : !
Q . . . . eyes in southern Egypt, but inaccessibility of large parts of & & | The Seiyal Fault stretches for over 90 km EW across the southern end of the Sinn s I S C u S S I O n
( bands, veins, and related cement halos combine to make the fault zones more resistant than the surrounding country rock. the area, coupled with lack of good quality aerial Depressions and Nubian Plain) and as young as the Middle Eocene (Sinn el-Kaddab). Field mapping | el-Kaddab Plateau. Elongate eyes (both domical and basinal) up to 5.5 km long decorate I n O u tC ro p S f . t I b t
E-W and NNE-SSW faults cut siliciclastic rocks of the Six Hills area of the Kharga Valley over a distance of at least 200 km west of the Sinn el-Kaddab Plateau. High pho tography or high resolution satellite imagery, by others (e-g ., Issawi, 1968) indicates that some of the domes in the Khar ga and Tushka Depressions the trace of the fault and are cut by the fault (below). The Seiyal Fault cuts Lower 100 m u m m a ry O Crl ICa O Se rva IO n S
resolution satellite imagery reveals that the faults are characterized by en echelon major ridges and intersecting subsidiary ridges in ladder-like linking band and con- precluded detailed mapping and analysis of structures in are cored by Precambrian crystalline basement. Eocene carbonates on the Plateau, and Upper Cretaceous through Upper Paleocene $ 0 Faults and stresses
jugate geometries. Geometries are consistent with predominantly strike-slip movement, dextral on EW faults and sinistral on NNE-SSW faults, with a compression large parts of the area. Last year, we used high resolution e Eyes are most common and most complex in the Eocene carbonates (green on the map below), rocks east of the escarpment. The fault dies out on the Nubian Plain west of Lake CC) GCJ « The NNE-SSW and NW-SE faults in El Sett Tellaal consist of en echelon segments, not through-going fault
is ori : i ' i ' i ix Hi ' ' . . ’ occurring both along faults and in country rock between faults (B below). : - . - - N ’
axis oriented NW-SE. Based on our field work along the Seiyal Fault, we infer that slip along basement faults in the Six Hills area was likely accommodated in the imagery recently posted in Google Earth to do an g g Y ( ) | Nasser. Presence of fissures in surficial deposits along the trace of the fault (shown with / O lc\l) planes. The Seiyal Fault where we examined it in sandstones is similar in surface expression (albeit with
overlying siliclastic units by formation of deformation band arrays and that basement faults focused fluid flow in the overlying siliciclastic cover. inventory of eyes along faults of the Sinn el-Kaddab * Eyes are least common and least complex in the sandstones at the bottom of the sedimentary sequence arrows at right) suggests that the Seiyal Fault, like the seismogenic Kalabsha Fault to the J % ) smaller and lower relief ridges) and is not characterized by a through-going fault plane.
. | -
- Plateau and surrounding areas (Tewksbury et al., 2009; (pale yellow on the H.lap ?elow) and are spatially relate.d to faults. . . south, is still active. % 8 e The only faults that appear to have long segments of through-going faults are the EW faults in El Sett
. Pandey, 2009). The inventory is shown below, and * Large eyes 15-40 km in diameter (A below) occur only in the shales/marly shales/chalks in the middle O % Tellaal and the portion of the Seiyal Fault where it cuts carbonate rock on the Sinn el-Kaddab Plateau.
I n t rO d u Ctl O n important conclusions are summarized at right. of the sedimentary sequence (tan on the map below). __ : = = S e EW and NW-SE faults in El Sett Tellaal have features consistent with right lateral strike slip. NNE-SSW
Eyes and faults in the carbonates e t z LCE faults have features consistent with left lateral strike slip. Both appear to have non-zero, but
The sedimentary bedrock of the Western NS S e W e undetermined, dip slip components.
: == £ ) ) ) L e Deformation bands along the EW Seiyal Fault suggest largely right lateral strike slip, with left lateral
Desert of Egypt displays a remarkable set s R ATk ' A - - Thin sections of fault damage zones reveal the high Fault core zones contain lenses of high porosity coun- : : .g : 4 55 SEY TS P
. ; A RN c - , , : : strike slip along subordinate conjugate structures.
of eye-shaped structures ranging in size e d -, / 2O . B N porosity of friable sandstone country rock (A, where try rock (A), low porosity deformation bands (B), cal- . e 1 ) L
R | o g€ St # : (75 - 7 — b ok 4 5 w & . . ] ] o ) . ° . ) . . ) . . . . . .
from <100 m to several 10s of kilometers. e G b g g Pty | g NS _ 5 \ 3 blue epoxy fills pore spaces) and the low porosity and  cite veins (C), and poikilotopic calcite cement halos (D) h P oEmee, et t orler.1tat10.ns o or.1entat10ns 0 con]ugate. SLructures are Cc(,) neistent with a maximum
Ficld mapping and satellite image analysis B - S § . Y 22 g iy | ! Ey.5 finer grain size of cataclastic deformation bands (B). completely filling pore spaces adjacent to the veins. orizontal compression direction oriented NW-SE (approximately 325-145°).
show that these are structural domes and '~ e The discontinuous ridges along the fault trace have dense, resistant cores with a prominent vertical Eyes _ . .
: : : . 2h ’ 7km cEa ol o i oh o in the adi e On the Sinn el-Kaddab Plateau, eyes are common along faults of all orientations and are commonly
basins. Some are spatially associated with ot Abu Bayan Al Bahari Fault - structure defining fins (upper left, center, and upper right at A). Bedding in the adjacent sandstones N . .
: . complicated and multiple. Eyes also occur in the country rock away from faults.

faults at the surface; others are not. dips shallowly (blue Sharpie above and C above right), and the fins truncate bedding.

~

P Yesani b East of the escarpment, the Seiyal Fault bends

Medium scale eyes along faults. db e In El Sett Tellaal, only the EW faults have eyes, and they are generally simpler and fewer in number than

e Polished vertical surfaces with shallowly plunging lineations occur in some of the resistant fin zones.

north and crosses Cretaceous sandstone and

those along faults on the Sinn el-Kaddab. Faults of other orientations in El Sett Tellaal do not have eyes, nor

The long-term aim of our work in Egypt is to address the following questions: e The resistant fins (A above right) are bordered by zones with vertical deformation bands in a damage

does the country rock in El Sett Tellaal.

e What is the location and geometry of eyes of various types, and in what ways do siltstone (green above right). Precambrian

zone extending many centimeters to several meters away from the fin zones (B above right). cc vein

e Late Cretaceous through Eocene shaly, marly, and chalky rocks exposed over large areas between the Sinn

Chronology
of features

1 . . 5 ik [ N e fTL T e, — B e basement lies less than 100 m beneath these , , ,

eyes vary with size, host rock type, and location relative to faults: &S g Qg =% R ey, oo > S nite e Deformation band damage zones along the main branches of the Seiyal el-Kaddab escarpment and El Sett Tellaal have very large eyes only loosely related to faults.

e How and when did the eyes form, and what do they tell us about regional tectonics? Large SF:aIe eyes broadly '  the A Abu Simbel Road Fault have linking band geometries consistent with a large component of Timi
([ ] -
e What role did reactivation of long-lived basement faults play? = associated with faults. Just west of the Aswan-Abu Simbel Road, right lateral strike slip (above right). ming , . : : : . .
e What role did the character of underlying sedimentary lithologies play? 2= "'@' the fault a.nd severa.l small branches c.ut a The trace of the Seival Fault is characterized e Deformation band zones without Preliminary petrographic work suggests that the sandstones were weakly cemented by an Fe-rich carbon- * Deformétlon l?an.ds. in sandstones along the Seiyal Fault are overprinted in fault cores by joints, sheared joints,
e What do these extraordinary exposures tell us in general about the response of a S5 S " Seiyal Fault 2-km eye in the sedimentary layers (right). . i ; y N - ate cement, possibly in the vadose zone, and experienced several subsequent cementation events. Cross and C.a1c1te vein filling. | |
. . .y AT i * The eye is a domical structure with y many discontinuous resistant ridges core zones are common In the cutting relationships indicate that calcite vein fill and blocky calcite in poikilotopic cement halos postdate * Eyes in Cretaceous sandstones in El Sett Tellaal and along the eastern Seiyal Fault predate faults and are cut by en
sedimentary cover sequence to slip along pre-existing basement faults? ~ % 4 | black b d below lef h : . . . . . 1 :
7, T S "Kalabsha Fauit e generally shallow dips. Bedding is (black arrows above and below left), rather country rock away from the main formation of deformation bands (db, above left) and, in some cases, form in zones adjacent and parallel to echelon fault segments, by linking bands, and by through-going faults.
T h i S St u d y mreames: . = horizontal in the country rock away from than one continuous, through-going fault. trace of the fault (right) and preexisting deformation bands (db, above right). e Faults and eyes in the sandstones of El Sett Tellaal must postdate deposition in the Late Cretaceous.
| | | s : Ridges range from less than 1 meter to several -cut dipping layering in the | e Faults and eyes in carbonate rocks of the Sinn el-Kaddab Plateau must postdate deposition in the Middle Eocene.
i . =~ the dome and the fault. & & Cross-cut dipping layering LT .
Small SCE le eye? " tl‘;e (I:to untry . = . e The bedrock : . friabl meters in both height and width and from a dome. S U Mmn la ry Of O U r I n Itl a I WO rk O n th e S e I ya I Fa U It e Dikes in El Sett Tellaal are offset by slip along the EW faults with eyes but crosscut the NNE-SSW faults. The age
e In southern Egypt, Precambrian basement is overlain unconformably by a rock away from faults Nubian Plai el % The two images above show the complex eye e bedrock consists of porous, friable tan , 1o i : : : :
ubian Plain 74 . - . . - few meters to several 10s of meters in length. . . e The Seival Fault is characterized in the Nubian Plain bv di t' ctant rid ot fd | of the dikes is unknown, but major magmatic events in SW Egypt occurred during the Late Cretaceous (83-78

sequence of Early Cretaceous through Eocene Stable Platform sediments. — T TR N AR and fault structure typical of the Eocene sandstone interlayered with siltstone and * Asetof parallel ridges (light ©otlys TanT o CAmacieriEe 1 n. ¢ oo i ey 1sc0.n. o re51s. an. 116 BES FOnoE 1n$ 0 : N zon.es Ma) and the Middle to Late Eocene (41-45 Ma, with some dolerite dikes as young as 32 Ma) (Meneisy, 1990).

e The youngest rocks in the sequence are Eocene limestones (salmon color on the _;:;‘““: fopligsy carbonates. The faults typically do not show layers of dense, ferruginous sandstone. dashes far right) at a moderate bordered by damage zones containing deformation bands. Initial work on linking band geometries in the deformation ’ ’
W e N : : : . : ; ; : ; . .
map at right) that cap the broad, high, and remote Sinn el-Kaddab Plateau | GG T up as ridges, although subtle differences in e The fault and its branches cut the dome and angle to the main trace of the fault band.s suggests .a large confponent of right .late.ral strike slip 01.1 the Seiyal Fault | | | . Th e resbonse o f C re ta ceous cover t o SI | 3 I on
, , , TSI e g i ST . L t te dippine lavers within the dome h dashes far rich * In this hyper arid desert climate, the combination of deformation band damage zones and calcite veins with calcite p p g
standing between the Nile Valley and the Kharga Depression. i) BN L I80% 754 »isc-s #1005 resistance between rocks on opposite sides of runcate dipping lay : (heavy dashes far right) are t hal tes fault ts that <tant than th friabl ¢ I . .
T — i L : : . : cement halos creates fault zone segments that are more resistant than the porous, friable country rock.
e Beneath the carbonates lie shales, marly shales, marls, and chalks of Late L Kilometersiou s il 12 faults commonly results in minor topographic The purpose of our field work was to defined by deformation bands with : 5 : : : p .. g .. : red Ctlvated basel ne nt fa u ItS N E I S ett Tel Ia a I
Seological Ma of Eqyot (1957). Baharya, Faraira, Asyut, Dakh .  faul £ Limited field . purp linking band geometries (right) * The dense core zones contain deformation bands overprinted by calcite-filled joints and sheared joints with cement
1 1 eological viap o , banariya, raraira, Asyut, Daknia, I 1 I I . . .
Cretaceous and Paleocene age (red and lime green at right). Cor e Bt Al Shoate Simp“ﬁﬁ < by Anoop o oy and Invento;)rl] C(I)fI r!ﬁar;3105n00f:olrge(s_r2ni Sbbasrlns(,9 ta; lleazsé;[o5900Prannldnelog% gér)nensmn le)xpressu;ns of fau raczs imi ; ield wor f characterize the nature of the Seiyal Fault . ‘cf o 31 R g t halos, suggesting accommodation of slip along basement faults first by formation of discontinuous zones of deformation Our current working hypothesis is as follows:
' - : i s . ft f | u wksbu , ; . indi : : : . : : el :

e The bottom of the section consists of Cretaceous sandstone and siltstone of the Svﬁsve:qgg’fgowf;d:gu,diw DEM. Key map at left from ying 9 y y y on.e oL us (Hogan).m Icates the presence o where it cuts the sedimentary units. —F N ek - cOnsIs en. WIHH IOHON cojtsate bands followed by fracture and slip in the cores of the segments, localized fluid flow, and precipitation of calcite, as has e Reactivation of major EW basement faults resulted first in the formation of forced folds in the Cretaceous

“Nubian Group” (green at right), which lies unconformably on Precambrian breccias along faults in the carbonates. to the main fault. been proposed by Eichubl et al. (2009) for the Moab Fault. sandstones and siltstones immediately overlying the basement — these are the domical and basinal “eyes”.

basement. These oldest sedimentary rocks are exposed in the Kharga Valley and
the Nubian Plain but extend beneath the Sinn el-Kaddab Plateau. Prior to

— —_— — - — e Continued or later slip on the major EW basement faults in response to NW-SE regional compression caused

o o _ _ _ __ ' . . o o localized brittle deformation resulting in deformation band formation, overprinting by joints and sheared
erosion, they were covered by the younger shales, chalks, and carbonates. F a u I t S a n d E ye S | n th e E I S ett I e I I a a I Re g | 0 n Generalized map of faults, eyes, and dikes in El Sett Tellaal TR N e = S TR . __ P e A C h ara Cte ri Stl CS Of th e N N E- S SVV fa U |tS B > o foints in high strain zones, localized fluid flow, and precipitation of calcite in veins in fault core zones. In the
e Eyes are present in all of the sedimentary lithologies, although they are most \f/ vl R gy;sf N e e S G — : ".j:;_ : JeNE gk Mt Rt R i 2 _ 4: * S \ 'A ARk W - hyper arid Sahara, these fault segments now form resistant ridges.
spectacularly developed in the carbonates of the Plateau. The extraordinary network of ridges in El Sett Tellaal b v :\I;IVESSESf\;\LrtaSUIt;S / ' > ;i e &, oot Gy e g & = R i S | G ; | Q ¢ 383  aaGee T siGougle e o 2 e - BN R e TS % | ™ e The presence of en echelon segments with linking bands, rather than through-going faults, suggests that slip
e Because mobility of shales underlying the carbonates may have played a shows clearly on the hillshaded SRTM DEM below ASTER DEMs indicate that fh t LT CIKeSR b " | Rt A Ol N ) ! : N TR o : AR R e N was limited along the NNE-SSW and NW-SE fault sets in El Sett Tellaal and that through-going faults had
S cate e mos o i 2! X% y 1Y - ot o B ; A MR T S S T 5 .
significant complicating role in formation of eyes in the carbonates, we chose - e e . }11n 1. e o ; B e y %, = R PR SN : h N L D e | . Wed >t TN A R not propagated upward from the basement to this level along these faults.
to study the faults and their eyes in the rocks immediately above the basement Prom.ment of .e ridges at lef’.c are. 10-20 m & é S & . :'f”,-f 4 : : : P e 7 ”' | i | / ; /-u; o . = ' N SoR | ¥ e The fact that the EW faults are the only ones with both eyes and long, through-going fault ridges suggests
in the El Sett Tellaal (Six Hills) Region of the Kharga Valley and in the Nubian 1Cr;1 hellgh]’;. Tt}: hlghelast;risiutlon 111migefs o f 4 é : ; \ :;__/‘ ;*i@\* j AL & & A : ,: 57 APy e | /"'" = f S0m S e that the EW faults are the main faults accommodating deformation in El Sett Tellaal.
oogle eve e smallest o | i T R 3 A B Ay T o RNE | S B,
Plain SW of Aswan. By first establishing the response of the siliciclastic rocks th g d . Vl e ¢ e o and X - T LA TN v = M , sy il TS o T Relationship to other feat i i i
e es are on eter or so wide an O _ S _ e e e . e . oz B : LA L R elationship to other features
at the base of the section to slip along basement faults, we will be better able Hages at y @ HEter oF 5o wide d e A o~ 3 SN & = 41 % s e s s i e i A “ Mg 2 R ¥ 8 T - ; . ‘ ¥ RN v £ I m pl ICatI O n S fO r StrU CtU reS I n E OCe n e Ca rbO n ateS
to determine why eyes are so much more common in the Eocene carbonates spaced less than 10 m apart (below), ‘ E oo sl 1 | NS TR gF R S A b e VNI S it i AT e oy et ' P i g e e R R IR AT T 3 T ' ' o e | * Along one NNE-SSW fault (left), a NW-SE .
S W L A | ' T | 20t =l e Rl R S R e ol B ERTY g T R ARSI AP e T ’ i Ry .
and to assess theyroi,e of mobilitv in the shales between the two seqauences similar in scale to those that we observed B ﬁ“’f?;éx)gﬁr%:: & R SR e _ ¢, 1l SIS et s ; e ﬂe » \\* il e AR f _ AL AR P . /f G EA TN |- 500& 500 m N e | fault appears to be offset along the Of th e S | n n e I - Kad d a b P I atea u
o Y E o in the field along the Seiyal Fault. Ht— A mm%f ,/,,'}':-J;ffr*f 1Y S S S O = 3 e B %E; e e R TS _ RN S R N ST o e || s S s 200 m opuommmms . eGeegle NNE-SSW fault. It is far more common, Our current working hypothesis is as follows:
e El Sett Tellaal lies in one of the remotest parts of Egypt, and we have studied the B T \ ' | TR . o e S BN OIS T o ; : ' _ : " NNE:SSW faults - AP i e AV S - . . .
area exclusivelv using satellite imagery. The area southwest of Aswan is % *{’\W« Gl R el BT s 0 I ok A G - 3k ' \ g , DRI ey e0e N b however, to see no clear offset of one by e The huge eyes in the shales and related rocks that overlie the Cretaceous sandstones and underlie the
. Pl H 33 ! SEREN T . - S N s e Ny = ey . . 1 : e - e [ LY e iGne ' ) ~"!"-‘mm ' o . o R ) * oy . . . .
bl h y g d h gll y t d f ld d t d 1 f th n of the Geological Map of Egypt-(Ey I ‘\“.’_;f"’; RS 4 N i - 2 e e i _\.\ " - o m ';=. _:' ‘ EW faUItS Wltll eyes.m@(mgl' - : - o B Do P \ mw@gmm@ LA I@«@ ) Characterlstlcs and sense Of Sllp . -.}i ' ¥ 3 the other. Eocene Carbonates Of the Smn el-Kaddab Suggest Wldespread mOblllty in the Shales.
- ; o i : . e T : el R ' / - SOOE - - o ; e . e : : :
accessible, Nowever, and we have collected Held data and samples from thiS area. | o | . | -' ' - - — ' ' : S . ~ \ | ‘ _ * Typical portions of NNE-SSW faults are shown at two T n 5 e In many places, the main ridge and e Mobility in the shales underlying the carbonates could help explain why dome and basin structures are
. * We mtepr.et the r.na]onty of the ridges t(? be fau.lt ridges analogous B . - > # Based on the imagery in Google Earth, we have defined and mapped three families of faults (described The central image above shows the three fault families that we have identified in EI Sett Tellaal. | ‘\ o : NW-SE faults different scales in the two images above left. S A | i linking band trends of the NNE-SSW and more common and more complicated both along faults and in the country rock in the carbonates of the Sinn
P rev I O u S WO rk ;0 thel 1‘;515;32:] ridges tha’;we }I?appej m tlhlf fllel(i along the f & - .J o % *“(;‘k " 3,?‘\ below and a}’c1 right) and one set of dikes. The map above is generalized and does not show small-scale e EW faults with eyes are generally characterized by prominent, long straight ridge segments. gt S = | S : e The NNE-SSW faults in the map area are dominated by oy B 7 0 NW-SE faults have the same conjugate el-Kaddab than they are in the underlying Cretaceous sandstones.
. . . . : ; “& v : o \%‘ £ . . . < 1. . : ¥ S S : ) . ) . ) LT g v 4 . . . . . . .
eiyal Fault. e.sug.getst. that these ri ges. 1 ely also consist o = (T 3 B et G R features such as l.mkmg bands or srr}all splays and subsidiary faults C0101js are as follows | e NNE-SSW faults are generally characterized by complex stepover and linking band geometries : 2 P v SRE el right stepovers with linking band geometries as shown ’ Al Y e . geometries (above). Several huge questions immediately emerge and will drive our future work:
e The eyes of the Western Desert were first studied by Hume (1908) in the area south of the Sinn el-Kaddab core zones of veins in joints and sheared joints bordered by _ W K g3 ! ek SRR * EW faults with domes and basins. These faults are parallel to the major EW faults of the. Sinn and a lack of eyes above, indicating a significant component of left lateral AN ¥ - R . e There is no place in the map area where a * When were these faults active? Our working hypothesis suggests that the bulk of the deformation forming
Plateau, and he recognized them as structural domes and basins. Areas where faults and eyes have been damage zones containing deformation bands developed in the G o e Bl 1‘;_‘ T 3: | A s el-Kaddab Plateau. The central set connects eastward to the Gebel Abu Bayan Al Wastani and Gebel ' . . o Ry ol strike slip. The presence of the dark resistant unit to the S \"; N "'7\“ | lationshi be d trated the eyes and faults postdates the Middle Eocene. The conundrum is that statements about major right lateral
: : : e . . dst f the Cret Six Hills T r s g . LD e 5 Abu Bayan Al Bahari faults that cut the western side of the Sinn el-Kaddab. The southern group e NW-SE faults are generally characterized by en echelon geometries with linking bands and a lack | 2 s ) Y clear relationship can be demonstrate lip al W faults durine th : biaui the raud and
previously mapped by others are shown with colored outlines on the simplified geologic map above right. golrous Sands on;zs © | © ref ACeoUs o TS ormef1 1En' 4 LR smmm . W ) LR LS wiGogglte connects to major faults in the Tushka Depression to the east. of eyes. Poaduk ] g Dt west of the fault but not to the east (image above far right) o R e R between the NNE-SSW faults and the EW le a 028 tE l 1391;5’55191;?“189’;96 ngélltoslan (Lfatzeolgl))agf u lrllqul’c;?us lr11n tde 1te;ature (e.g., qu;rau 2;1 "
i i e Below, we provide evidence for our interpretation of the ridges. ) . . - - i , , uiraud et al., , , ; : Youssef, . On the other hand, we have yet to find a publishe
e Eyes and related faults were carefully mappe.d by Issawi (1968) alo.ng the Kalabsha a.nd Seiyal Fau.lts, as p p & Variations in resolution of current Google Earth imagery from extraordinary (A) to e NNE-SSW faults parallel to prominent bedrock fault trends throughout central Egypt. Details about each of the three types are presented below and at right. suggests a component of dip slip as well. et i faults with eyes. comece that describes the actual evidence for maior Cretaceos slio on the baseme}r’fc e ltsin t}Il)is tof
well as along several other un-named faults in the southernmost Sinn el-Kaddab region (blue outline _ (merely!) great (B). Most of the imagery on this poster is from areas with resolution B. e NW-SE faults. * Eyes are extremely rare on the NNE-SSW faults. The basin sl e e e The dikes appear to be younger than the . : P . . p.
above) as part of a project to establish whether major east-west faults in the region posed a seismic hazard Fault rldgeS C h ara Ct e ri Sti CS Of EW f U I.t S With ey es above right is the only example that we found, and its i 100?'!’" 1 o ool NNE-SSW faults (left) Egypt, so the amount of slip and the nature of structures produced remain legitimately open questions.
: : : : B A i Tt TS Sl Y o B b e Ot ' e Did Cretaceous slip accomplish only forced folding in the cover rocks (which could have been thin), with
to the Aswan High Dam. El-Hinnawi ef al. (1978) mapped eyes along faults cutting the escarpment on the _ i . B e = potential association with other faults is unclear. SAR'® g A p P y & /
east side of the Kharga Depression (magenta outline). Barakat (1972) used aerial photos to map faults and Long continuous ridges En echelon ridges Linking band geometry in stepovers m@i@a‘i@; - % Characteristics e ”,z..., _, *>\\k'<;._\\£\ | Timing of eye and fault formation post-Middle Eocene reactivation responsible for the vast majority of the structures we now see?
lineaments in a large area (cyan outline) overlapping with that covered by Issawi and a 1950s study by the - & |£¥~ Yol o, '%?E | Oy R o Y I LEcdALLY e g * Eyes are characteristic of this fault set and distinguish A~ * Everywhere we have mapped eyes and ridges associated with C h ara Cte ri Sti CS Of th e N W-S E fa u ItS " The age of dikes in Sett feflaal holds great promise for determining the timing of development ofboth the
- - - - - - - Landsat Panchromatic Band (Band 8) Edetet O sk LN ) RT3 _ this set from the other two. Eyes include both domes the EW faults, both the main ridges and subsidiary ridge eyes and the faults. How old are they?
Yugoslavian Enterprise for Applied Geophysics. Barakat was the first to systematically inventory the eyes S (ol R s S e B ¥ ; £ y ¢ & y 1dg How thick was the cover rock when the faults in El Sett Tellaal were active?
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in a portion of the region, and he mapped about 100 eyes in the area outlined in cyan; he identified one Y-, ke e ) > i L Rl L S ALY ’v | B = I . : and basins ranging from well-defined small domes and splays cross cut and postdate formation of the domes and ’ 5 N e Can detailed chronologies of formation of structures, veins, and cements help constrain the model?
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eye in El Sett Tellaal. Alfarhan ef al. (2006) used ASTER imagery to map several stretches of the Kalabsha ' . il § 7 L . B - Bt vy { | ~ - Lk 3 - — o basins a few 100 m in size to broad subtle domes and f basins of the eyes (images at left and right). . .y e If the Cretaceous cover rocks experienced at least two episodes of slip on underlying basement faults, why
and Seiyal Faults and proposed that eyes formed in stepover regions of strike-slip faults. WSy 5 o AN & 5 | T | Py g > § . g‘ : / \ | s - basins many kilometers in diameter (examples at right g * In these images, the main EW faults and subsidiaries are ; \ are the structures less complex than those in the younger rocks, which experienced only one episode of slip?
e The major EW faults (and less prominent NS ones) cutting central Egypt (heavy black lines on map above) i e ex af’!.‘;?“‘m%“ £ 97 e ﬂ e S (Cmg} ; ? S g o i ‘ and below left). We have inventoried a total of 257 i shown with solid lines; bedding traces are outlined with light \ e Is it reasonable to suggest that the shales were mobile? If so, what caused them to mobilize, and when?
have been recognized for many years, and their role in regional tectonics, as well as their repeated ‘ R ‘ . ? domes and basins in El Sett Tellaal along the EW faults. _ Sl  lGle dashed lines. i i | i e What role did processes that formed the “bubble wrap terrain” (Tewksbury, 2009) in Eocene rocks north of
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reactivation, have been discussed by many authors (e.g., Guiraud, 1985; Guiraud and Bellion, 1995; | | We suggest that the following types of ridges developed along faults: : : o ; » o : . : wilooglte the Sinn el-Kaddab Plateau play in the formation of domes and basins of the Sinn el-Kaddab, and can those
Guiraud, 1999; Guiraud et al., 2001; Youssef, 2003; Stern and Abdelsalam, 1996, Adamson et al., 1992). Conjugate ridges . 1 . 4 il 1 Tenoth (above left and | y long, continuous ridges a kilometer or more in — — e - | Characteristics and sense of slip processes help explain the greater complexity of structures in rocks higher in the sequence?
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shows a swarm of linear features in El Sett Tellaal. These linear features were mapped simply as “fractures Geological Map of Egypt (1987), Dakhla, Luxor, Bir Misaha, and El-Saad EI-Ali . ;fftset fd omesho; bas.lzs " :h]: Sedlmsnts v la}.,e;f; o A . left). These exceptions display eyes but are :i';_ﬁ l i images above. LR ST "k 5 ‘ I m pl |Cat| ons fO I ﬂ u |d ﬂ ow | N th e N U b | an aq u |fe I
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o ! approximate y . M OTIEss I IENgH, common .y Cf)nnec cda o fault trend, rather than by through-going, continuous y | d e g : dominated b hel i 1 oo A " i* The section of the Seiyal Fault in our study lies in Cretaceous siliciclastic rocks that form the extensive Nubian
——— : B [ o ' & _ stepovers by linking bands. The stepover and linking band 0TS _ ridges. e e otiinated by i €Cheion §EOMELHES Wi s ' Y aquifer in Egypt and elsewhere in North Africa. The presence of fault damage zones with extensive
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. . I | A geometries enables us to determine the horizontal component of slip $S00UT. e S SR gl T Y o 2 linking bands as shown above. We . QR 12, SR “> deformation band formation may have a complicated impact on fluid flow in rocks of the Nubian aquifer.
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| | plus the apparent offsets of a number of the eyes (e.g, — ’ , - Sgmasmme . wCsgle| == = s 1 Timing relative to dikes * Although the geometry of fault segments 250 m o cons EOORIC bands may inhibit the flow of groundwater both along faults and across faults in the saturated zone. The
At S B _ | 7 _ N N s Bedd | ng ndge S o o left and below left) is consistent with a large — — ' e Dikes are offset both along the and linking bands consistently indicates a contours on groundwater head strike at a high angle to the axis of the Kharga Valley, and the groundwater
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Ay : NS \ y _ . . . ¥4 t:*"""—, Tk 94 LA R 1 < horizontal. tvoicall e};odin ifa v dendritic” =~ .;,; B RO e The offset dome at left appears to require a component (above) and along the minor EW slip, the pattern of eroded resistant layers Relationship to the other fault sets deformation bands in El Sett Tellaal might well influence groundwater flow rates and directions, especially
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g o iy - AL TN o R * We suggest that long straolg tto | il | J : , 7l L ‘ . W ' e beddin e folded o d . _ i“:ﬁ» v = - : the south side of the fault. | _ | bl . consistent with slip sense well (image at right). and linking band trends of the vadose zone, where low-porosity deformation bands can be up to six orders of magnitude more hydraulically
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The primary reason that the 1987 Geological Map of Egypt (previous section above) does not provide useful * The featurés that we mte.rpret as dikes x | feSIS .a;me © .:\}fleen 111Pplnlg ayers pro vces setsot | 1% _:--'.-.‘:-;.._-" '___;:_‘_,:_..-}-5,;::‘-;. e - | & | ; (B = AT e Where NW-SE faults are in close surface along deformation band zones.
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up in Google Earth (1-2 m/pixel, color images above and right), however, it is possible to see spectacular S | (B). In several areas, the ridges that we the example below right, beds 8 AN Il & | N The key map above center shows progressive northward steps in one of the main EW faults. Enlarged images a-e show that eyes and eye complexes are NW-SE faults to appear to either die We have received NSF funding to study the origin of domes and basins in the
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detail not only in the major ridges but also to see subsidiary features (e.g., right) that allow interpretation of , interpret as dikes form crude radial Y B R dip generally NW. The “eye g % & = = | located broadly in fault bend and stepover areas. In every instance that we have examined here and elsewhere in El Sett Tellaal, the domes and basins out or merge with the EW faults Western Desert. Our grant provides funding for several undergraduate students to
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these features and their significance. Furthermore, the region is only very locally covered by obscuring . complexes centered on broad domes PG above right is a complex of a Y e o _, that form the eyes are cut by straight fault ridges that developed later than the domes and basins, offsetting and truncating the eyes. We interpret this At S T L | participate in field research in Egypt. For more information and application
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sand, which provides an opportunity to map these features in detail in a region nearly 10,000 km? in area. g < W o in the bedding. + 500m tﬂh\?‘“ number of folds in bedding. > _Zi?m ‘mmgﬂ?;@gb P 200m iy ;° S ARSI S s to indicate that the domes and basins formed in the sedimentary cover before the basement fault propagated up through the cover rocks. e O : . instructions, please contact Barbara Tewksbury via email at btewksbu@hamilton.edu
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