Landsat images of the Western Desert of Egypt show a pervasive and systematic patterning. Our study of recent high resolution satellite imagery in

Google Earth, combined with targeted field work, reveals that although some of the patterning results from aeolian erosion and deposition, a

e A Previously Unrecognized System of Folds and Related Faults in Stable Platform

structures that are typically several 100 meters wide and separated by much broader anticlinal structures. Synclinal structures are generally gentle to

open, with shallow but variable plunges and multiple basin closures along their lengths. Although these narrow synclinal structures define many of

Pre-fieldwork mapping in Google Earth Limestones of the El Rufuf and Drunka Formations, Western Desert, Egypt

very different in both geometry and scale from the synclines. They are broad, flat-topped, and up to 10 times wider than the immediately adjacent !
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synclines. In some areas, intersecting sets of WNW-ESE and N-S synclines separate broad, blocky domical structures. In other areas, the WNW-ESE Google Earth offers a unique combination of freely available, high resolution imagery that enables structural mapping in areas where bedrock is

synclines have a sigmoidal pattern, changing trend along their lengths from WNW-ESE to NW-SE. well-exposed, as it is in the Western Desert. Prior to field work, we mapped the structures in our 400 km? study area using the methods outlined below. Barba ra TeWkau ry1 y Asmaa A DOkmakz, Elhamy A Ta rabeess, Ah med S . ManSOU r2, Tharwat A Fattahz & MOhamed A RaShed2

In contrast to the synclines described above, a small number of narrow N-S synclinal structures spaced 6-10 km apart in the El Rufuf and the Drunka

Formations are clearly associated with major faults. The two most prominent of these extend to the south, defining the shape of the Kharga Valley as G O O g I e E a rt h I I I l a g e ry fO r E g y pt TN ~___ SPOT '
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¥
well as the oasis trends.

Abstract

e As Google has replaced older Landsat imagery in Egypt in / _ _ . . _ _ V f ‘t ‘t m d G I E th o 0 We are still very much in the initial stages of regional mapping
As far as we are aware, these fold structures have not been previously recognized. The combination of low dip angles, scale of the structures, and 5 P ) ) ) °1Y gyp ' i ' Because field access to this area was very limited both in time and in the distance that we could travel from e rl yl n g S ru C u re S a e I n OO e a r d int tati B d detailed - |
the last several years with high resolution commercial & SPOT _ ana interpretation. baseéd on our detailed mapping, plus
only slight differences in erosional resistance of massively bedded limestones results in structures that are too subtle and too big to be readily notice- N satellite imagery, it has become possible to study a whole ’. - the Asyut-El Kharga Road, our strategy was to choose a small number of ca refuIIy targeted areas to validate additional regional reconaissance, we have tentatively divided
o . o . | . | | ,  \ 5 itical interpretations (dip directions. unit determinations. fold and fault structur that w Id exten : : - - the structures in this area of the Western Desert into four sets.
able from the ground and too small to be identifiable except in satellite images with resolutions of a few m/pixel. Detection from the ground is also host of features that were too small for study in the CrltICt?] e E)] eren O IS (d prd e(ch 0] | r?,aélcesieblee Orﬁo(r:SSc;f ?h(; 21: dd a:rez Uﬁel:.eezi) rT?iCI)ar fae atuer eCSOch) gcsr end Narrow SynC"n es with medium spacing
. . | | . _in principle, | | | W .
confounded by yardangs, which obscure bedding and structures in many areas Landsat, ASTER, and other imagery that has been used _ 2 ese principie, across itne P uay — E— . _ I I __ _
previously to study remote areas of the Western Desert. DG u n n B RS ‘ ? - "N R il TN : 8 k ’ ot r{ TN O y b TN ;:;
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" . " showing the 15-meter pixels of the Landsat ETM Not all high resolution images of Egypt in Google Earth are : : : : E R o SN . s NG [ER i e 1 %
rl I n O t e rO e Ct panchromatic band), a portion of our map area shows . . . e The white rock of map units 1, 3, 6, and 8 is a dense, white, 7R RTINS YRGS Fin TR o X ol
— . - ’ currently at a resolution of 1 m/pixel. SPOT imagery at about 3 , . . . . i / S — . ol : e
LR Ve intriguing patterns. The resolution is not high enough to o : : : : i massive, crystalline limestone that is spectacularly wind A — - X o ol et AR £ o _
} : K. it m/ pixel is the best that is available in some places. Although this T e . . ) TR - : L W R 31 o € \ | 1
study them, however. . e : . i st fluted in many places (left). Thin < VA A e Most critically, our field work showed that our methods for interpreting dip directions from outcrop , | 3 S ’ t% \ t 4
. is a significant improvement over Landsat resolutions, the contrast sections (below left), plus plus EDAX <3 Ak . . - . . . NER e N =X L VAT Eh &
e The Stable Platform of central Egypt (right) e Features that are enigmatic at best at Landsat resolution between what can be seen in Google Earth’s highest resolution R, th;fthi:;mestone = — e T A patterns in Google Earth images worked well. Mini-Vs in small wadis (above left and center) do, in ~300m Sehe .. r*\“{ 15 sootm By ot o }
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consists of .a sequence of Late Mesozmc et are mappable in Digital Globe images (at left) that are imagery vs. what can be seen in the slightly lower resolution SPOT Yt. o 100% ealeife and contain N fact, point in the dip direction in the field. Broad sloping surfaces associated with mini-scarps (above
through Miocene sediments l.ymg Wostern Deser currently up in Google Earth. This imagery has a images is striking and underscores why structures such as these E leifle n. fl o i A ane comane - NGsogle right) are, in fact, dip slopes and cross-layer scarps. Dips are shallow in most places. e The prominent “wormy” pattern in the regional Google Earth e
R unconformably on Precan.nbrlan basement. . Mminor Western VY "5 AN resolution of ~1m/pixel. Despite proximity to the have not been studied previously — they have simply been - e Ay e e We also learned that, in some areas, dip directions are easier to infer from the satellite imagery than image below results from narrow synclines. Synclines are S .
8 The sequence generally dips very gently Nile River YA\ , N % . Asyut-El Kharga road (black diagonal line), these “invisible” at the resolution of previous imagery. () * Where this limestone occurs in thin on the ground. Where the massive white limestone is wind-scoured (right), upwind-facing scour typically 100-300 m wide, have very shallow limb dips and L ko B
53 north, exposing the oldest rocks in the south. ~Digital Globe i structures have not been previously recognized or studied. E layers or is dipping more than a few surfaces can be mistaken for bedding. In the instance at right, dips are, in fact, away from the S shallowly plunging, porpoising hinges that create multiple s
g g * The Eocene through Miocene section S ' - ; degrees, outcrop exposures are commonly low and observer, toward an elongate basin whose center lies in the dark patch in the middle distance. basins along their lengths (above and above left). Spacing between synclines ranges from
%EZ consists almost exclusively of shallow D e te rm I n I n g u n I ts & St r a tl g r a p h y wind-scoured (above right). e Where the dark surface lag of the gray-brown map about 800-2000 m, and layering between synclines is essentially flat-lying. The finely spaced
& o . . . . Stable Platform boundary after Bosworth et al., 1999 and Youssef, 2003 ] ] [ | . . . . .. . _ :
e marine carbonates (Said, 1990; Issawi et al., ’ D e te rm I n I n g d I p * Where this limestone is thicker, it is eroded into unit is confined between the outcrop areas of two | Most areas contain two distinct orientations of synclines (e.g., WNW-ESE and NNW-ESE; NN}:N 55k patterning
£8 1999) and is shown on the map at left with .. - . . . | , , in these images is a
E ‘?3 ) g The study area lies in the Western Desert of Google Earth images show sub-units of different character and color within the limestones of the yardangs rangmg f.rom I?SS than a meter to adjacent bedrock units (e.g., between the faulted white or NW-SE and NS). Synclines of one trend bend and merge into those of the other trend : X :
<8 shades of brown and tan. Egypt, about 150 km southwest of Asyut alon ' in th many meters in height (right). limestone layers at left), the gray-brown unit is a good | icht and ab ich ing that f i f th lated prominent regional
23 e Our study area (red box at left and red star sYPL Y & Mapping fold structures in the study area on Drunka and El Rufuf that can be traced over long distances. We defined a set of mappable unit types y , the gray & (right and above right), suggesting that formation of the two sets was related. joint set
gy above right) lies along the contact between the Asyut-El Kharga Road. This is a profoundly Google Earth images requires reliable and developed a stratigraphy of sub-units in order to map not only the Drunka-El Rufuf contact but proxy for the non-resistant bedrock unit that e Faults parallel to WNW and NW syncline trends are extremely rare.
29 . . remote area — the map above shows literally the determination of dip direction. We inferred dip also structures within the upper El Rufuf and the lower Drunka Formations in Google Earth images. immediately underlies it and allows accurate mapping e Whatever formed this recional structure is fundamentallv a svncline-formine process -
E § ' two formations in the Thebes Group - the El only road access in the Western Desert. Lake direction from the patterns of outcrop traces. pale brown . Srn . PeREee 5 of bedrock units in Google Earth images despite the T - . tg ical anticline / y , yasy &P
59 i i _ o : _ ) L . o . ese structures are no ical anticline/syncline pairs.
gs Eufuf;o;mahoe (sho}:/v " m.tan) andbthe Ontario would easily fit between the Farafra We recognized three mappable unit types in Pre-fleldWO rk strat COl umn PO St-f|e|dW0 rk strat COI umn N\ caprock The tops of yardangs in the white limestone are fact that it is a surficial unit. yP Y P
€2 runka Formation (shown in rusty brown). Road and the Asyut-El Kharga Road... Google Earth, a white unit, a pale brown unit Units Tvoes for Mabbing in Google Earth _ _ 8 E typically quasi-horizontal surfaces that lie at e In some areas, this dark lag deposit has been ’;—: r wﬂ Very open synclines and anticlines with narrow spacing
with speckled texture, and a gray-brown unit. yp ppIng g ) Unlltfu\f(vr:tg\c%ggnd S approximately the same elevation for a cluster of yardangs in a given area (see middle image redistributed by past sheetwash and fluvial activity | 9{ B & d: % M :’f | A | N In several areas where a
e The contact between the older El Rufuf : \ e These three unit types are described below. T -Iq_)‘ _é at left). This makes it easy to assume that the dips within the limestones are also horizontal. In and, in such places, is not a good proxy for an o R Tﬁ‘% sl | TI.N ahfici)‘r’ies‘iﬁ?fz"é‘;‘/ﬁi‘c/iggzs::. S | A concretion-bearing siliceous
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Formatlor‘l and the younger Drunka Formation gt MRONSE SR f : T N R L TR I sale brown unit with  gray-brown unit I__; =—— _E = less resistant slope former the yardang above left, however, it is clear that bedding dips to the left, while the yardang top underlying non-resistant bedrock layer, which helps | “*:- : leth'}frlj ;;f;i T W!/th narrow spacing ‘*-; Y 1 timestone overlies massive
is shown in the enlargement at left of the Asyut AT S RO P D gl‘ﬁl(;'y A ST R GO RTE e e speckled texture —_Or_ 0T nclqnm-gi?(i)sggr;;,rngile ; (/p) (an old erosion surface?) is horizontal. This explains why the yardangs in the Google Earth explain why structures are commonly difficult to sort » i‘dpbf})’ébhié j e h \ \ FolRA g 1
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sheet. Solid and dashed black lines are W !/ i ‘area — B ' TN -_ 9 mantled by lag deposit of In the field, we discovered that a less resistant white limestone is commonly a slope-former image above right appear to truncate the bedding. out in the gray-brown areas.  expression | | [ 3} b i i ‘= o | II:TW .
. . ' a ¥ s .. . . { T ark, desert-varnishe 7o ‘ _ Sy & R N IR RN AT Create a rime-scale (@)
lineaments mapped by Klitzsch et al. (1987) ¥ 1A N ot In the Western Desert, mini-flatirons occur in - | 2 = chert pebbles beneath the pale brown caprock of units 2 and 4. Hand samples and thin sections (above right), F- © . medium spacing WNW patterning (lef)
i Vi ipDpi i —— | o SR VIR e atterning (left).
based on Landsat MSS imagery. fen Pritadt areas of shallowly dipping sedimentary layers i — T plus EDAX analysis, indicate that this slope-former is a porous, chalky limestone with no silica. Our field L confirmed % ‘\_,‘_,.m/ g 5/ l'p q 5 p
- ~ P - N 76 e ) Ll - o1 — 0 ' b u e R N nticlines and synclines are
e The high resolution satellite image at right from i R and low topographic relief. Despite being 1-2 ~200m o . ‘ T e : | == . The bright blue areas in the thin section above right is blue epoxy filling pore spaces. ‘I(L) ur fie Uwor cen mile ‘\ : el PR | y
Google Earth covers the same area as the | | / The flatirons on the flank of this whaleback orders of magnitude smaller than flatirons i A ol ‘ ‘ Vﬂﬁ'ﬁ;gg lc':rr?:rsttgﬂg” | | S that the splotchmess n s = synclines with 13000 M, Rt ST Aol aPPr oximately the same
geologic map at left. The contact between the El ‘ _ ; anticline in the Zagros Mountains are typical of  seen in mountainous regions such as the _ AT 2w TN pady. ’f’“ | 3 concretions e The thin pale brown resistant rock of ch Google Earth (far right, . medium spacing A fold map for the area above is included in width, and fold wavelengths
Rufuf Formation and the Drunka Formation is 3 T those in areas of moderate to steep dips and Zagros, they serve as good dip indicators in R WL ,,__, | Wh;te 18 £ pale brown unit - map units 2 and 4 is a pale buff to top) is fundamentally 52 ; . | . " synf;lir{es wiztls 4 the panel at left under “Results of mapping”  are typically 100-300 m.
oy . - [ a ionifi hic relief - Al YNAd R o v g —— . . - slightly purplish, siliceous limestone. O structural and that our e 2 S - mediunt spacifg . . O inti lationshi
Clearly visible in the Google Earth 1magery as a Asyut - EI — significant topographic reliet. our 1magery. - \ e \ 11 ; — massive white / - B A = 17 = : : 5 s " TN- verprinting relationships
change in color from white to pale brown Kharga Road \. ' , J 7 = limestone - This unit is rarely more than 1-2 m © maps of folds (far right, bottom) made in Google Earth on the basis of dip direction and stratigraphic . : t s 5 (left) show that the fine-scale
: ' - - - - T " : .
e The location of the Asyut-El Kharea Road \ Google Earth Digital Globe images were captured by a sun-synchronous satellite shortly 1500 = i f- | RCOORIC 3 - — ; thick, and outcrop areas extending 0 sequence accurately reflect bedrock structure. These folds remain profoundly difficult to photograph . p LR T & e folds (blue and purple)
Y 5 ' \ before 10:30 am local time. Sun illumination direction in all of our images is from the SE. — SNV W S | . O @) : T o T L sl g
which provides the only access to this area, is 10 km | fmmewne il 100m e .Google = i over many 100s of meters to kms are O  on the ground, however, due to scale, low dips, and low topographic relief. The panorama above of a ¢ : o e ST predate the larger, and more
' —10km- L e R : : . . : — © : : : = . . s o & - . '
shown in both views. | dib slopes are diftuse and less bright: Sun (SE) The white unit (left side of image at right) . . _ g 6 ‘ ‘ O essentially bedding surfaces (right) QO  very small elongate basin just barely shows the entire structure with its shallowly dipping limbs. | W B o ; X, ¥ prominently developed
gilpefmll?/?ﬁjrr?ir:a?ergadly e Sun (SE) gmgy eveﬁ be @ bi shadowed, depending on o is typically characterized by prominent The thin pale brown unit (above right) S — ()] stripped of the immediately overlying L E; 3 i 3 N, 0 / - ' synclines with medium
sun angle . . . — \ A & :
. : typically forms a resistant caprock with g ) — : : 7 ol g LA SN N-S Zones . v
While exploring new high resolution imagery in Google Earth in 2009 along the Drunka-El Rufuf contact, Tewksbury was intrigued by the E » jointing (above, top image) and, where s}r]:all sc};r oo gi dobes The L('; - - © less resistant limestone. 'ré.:"- L AL },_ TR /: X <o o spacing (green) that are
complexity of patterns that suggests that the contact is not as simple as portrayed on the Asyut geologic map sheet. Images a and b below left flatiron aHren thick enough, prominent yardangs leb P " Z o P z . = T al * Outcrop, thin section, and EDAX analysis i—" # 1 -SRacihg R d&;)f{ ~tue|  described in the top section
: ale brown units does not form yardangs. S o : [0 0 20001 Geola .
and center show pronounced WNW-ESE finger-like patterns both between the white rock at the top of the El Rufuf and the pale brown rock at (above, bottom image). P Y g - | | reveal that this is a siliceous limestone. A — L i of this panel.
the bottom of the Drunka (red arrows), as well as a fainter patterning of similar orientation within the El Rufuf (green arrows) and a more 0 4 | | | J Silica replaces fossils in layers and lenses B N-S zones with wide spa cin g
. . . . . . = o
widely-spaced NS patterning as well (brown arrows). The locations of images a and b are shown with red rectangles on the geologic map above scarps are - A M.- TN ‘ (left and below left) and occurs as large
left and the Google Earth image above right. :E:;F:zved 2ﬁ2:gsai§ s e L9 “~ gray-bri own concentrically layered concretions up to 1 o L AN e e W TN : :
rightiy it | . < P units ‘ m or more in diameter (above left, right One of the unexpected ways that folds showed up in the field is in the outcrop expression of the thin, concretion-bearing siliceous limestone
' | o TN Where layers dip toward the Sun (above left), the sun-facing dip slope is brightly but broadly | e v g 3 ‘ an}:l bel.ow ljlght)- ;Flhese. concretions are unit. Where the unit is dipping (above left), concretions form a line, like pearls on a string, outlining the shape of the fold. Where the unit is \
‘N 5 ¥ illuminated, and a very sharp narrow shadow occurs where the scarp that cuts across the unit ‘ : what lee rse te the w1despread speckled flat-lying, the bedding surface is exposed for hundreds of meters and is dotted over wide areas with fields of concretions (above center). *
Sty Pr o, e , , , texture in the high resolution Google Earth
oty e faces away from the Sun. Where resistant layers dip away from the Sun (above right), the ‘ . > . .
\ S . : : : : images (as described in the panel at left) In the field, we also confirmed faults that we
scarp faces the Sun and is narrow and brightly lit, whereas the dip slope, which faces away ._ s , | | _ | , ,
/ — : : : : | . P 3 A 4 | 2 — and the blocky character of the dip slopes had mapped in Google Earth. The major faults |
/ from the Sun, is broad and more diffusely lit (and commonly somewhat shadowed). " -' 4 ; | | : . . e R " 5N
15 m Immece © 2021 Gusidme ey _. .-* vy - ‘ ‘ (top right). that we field-checked typically form resistant Wl VR e %, A
3 L Dadwe. 2 400 m s 303 bttt G et s > : : : in-li jol
/ a | N b darkg’carp & brigh't dip élop?; outcrop traces of . . — — R — E S 1 ‘ ‘ * These concretions, which were studied by fin-like zones (left) r.narked by densely jointed e Zones trending approiximately NS divide the region into panels 5-10 km wide
' - - 500m R R 003l 5 hl‘ower contacts ' The pale brown unit is decorated with a The gray-brown unit, shown above between L L McBride et al., 1999 in the Valley of the r Ofk. and. fe}11u1t ‘l:;'ecaa cemefnteddx{mth Sp?:;y (large map above and smaller map above left). These zones are fundamentally
;! i 2. Google distinctive, small-scale speckled texture. the outcrop areas of white and pale brown | Watermelons (right), occur in literally ;a c1tlre1 (r;g. t). wa}rlere p;o oundly St;lc y zones of folds, but, in all of these zones, the folds are overprinted by faults
. lveis b Towkel ¢ al. (2009) using SPOT . Cooele Earth sh it th units, has no scarps, hogbacks, or yardangs . n - » . ~ d'ff : S 1“‘ f hundreds of thin, siliceous limestone ;W far | it wo]: f Tgi CE;em to stumble o;l striking parallel to the zones (above and right). Where it is possible to determine
® |'Tevious analysis EeWKSDuUry et al. usin 1magery in Google rar SNOWS a e 1N sections O O different samples O . .. ; ;
Yo Ry Y 5 5 y 5 _ . : T h with : . : h | . o W. P layers in the El Rufuf, Drunka, and Minia these faults in the field had we not mappe slip, outcrop patterns indicate that there must be a component of dip slip (above).
pattern results from the presence of many open, shallowly-plunging folds with shallow, gently By combining dip determinations in Google Earth with mappable unit types, we rapidly realized that our partially silicified limestone from the pale Formations them ahead of time in Google Earth.
porpoising hinges. Narrow, open synclines trending both WNW and NS are separated by broader

stratigraphy consists of nine sub-units (strat column above right): four different white rock units (1, 3, 6,

brown mapping unit.
and 8), two different pale tan speckled units (2 and 4), and three different gray-brown units (5, 7, and 9).

e Each of these zones has one or more narrow synclines trending parallel to the
anticlinal or domical structures. The oblique view in Google Earth at right (look direction shown

zone, and narrow synclines in the adjacent panels (which are commonly more
above) shows that the elongate pale brown patches along the contact are the keels of these i : 00m 222_223%@6[%5‘2:._‘%2"%@ All but Unit 1 are sub-units within the Drunka Formation. Re S u I tS O f m a i n Revision of Drunka-E| Rufuf contact closel.y spaced near these zones? ben.d ir];to and merge wit}.1 the z.ox?e—parallel
narrow, open, synclinal folds. == Al ¥ - : p p g 1087 Acont ool synclines. Closer space of synclines in these zones results in anticlinal structures,
Z = . i - - - " YOAR " — € Syut geologic dominantly rounded to blocky domes (images left and right).
e [t is no surprise that these structures were not recognized at the time of creation of the 1:500,000 o x oy _ This small eye-shaped structure shows a dark Where resistant layers are thin and scarps are \ TN C The geologic map at right shows a generalized map (Klitzsch et al., 1987) - . Y o - Y . ( - fg - hg ) - - .
regional maps by Klitzsch et al. (1987). Even at the highest resolution of the most recent Landsat > L Ay T : scarp and bright dip slope on the north side, and too low to cast shadows, upper contacts ' ; — version of our mapping results, emphasizing Legend blaces the contact o T elmejor NS | ault Zolne t1 ?t ext(eln s ne;t rc?t?l the E K arga Vla ely ranches in 01:11‘. mapping a1;iea (our }
imagery (15 m/pixel in the panchromatic band), the nature of the patterns remain enigmatic LA gz o0 a bright scaTrp a.nd .parjcly sh.adowed dip slope on typically have relatively straight outcrop e g stratigraphy and large-scale structures. - e Subunt contact withi between the Drunka and &eo ;’gltc ma:l) fm pilje att;) L) an Cto}in? es wit tx./vo majorFsyr;: mal it?:t‘gffs tren mfi T?E ?nld N{NVY[ an
(above right). The 1987 maps were based on even lower resolution imagery, the 79 m/ pixel the south side, indicating dips to the SSW and traces, wheras lower contacts are typically A3 L) 3 e Unit 4 cores two very broad north-plunging anticlines I El Rufuf Formations can be traced Ior at leas m north o our mapping area. raults related to this zone cut older 1old structures.
Landsat MSS of the 1970s. i' NW respectively. Both are consistent with the dip irregular. In the image above, south-dipping, B et 1nd one broad. central. low-amplitude dome ~ Drunka contact | ] ] ] ] .
direction determined from the Vs in the small dlightly more resistant white layers show | 'C|2 : : p : iy \ f;rther no}rlth to tlLe W of NE-SW zones with prominent topographic expression | |[nte 'p retation
: 1 : : : : " e Th tral d ' ted f the two broad the road than to the E R OO IR o T ae i I
Previ K ' Vi o Sl el I aged gl ol o o T g s st e koo, xS H S e il dome i b e | Ty | e e s e
rev I O u S WO r T h I S St u d y ’ that the structure above is a very small, elongate, and straight traces of upper contacts. N-plunging anticline, with units 2 and 3 dipping away from in a broad, ESE-plunging anticline flanked — _ Y OPER, ' .y ' surface frace G P _ S ; & younger. |
" and somewhat cuspate basin. the core. Unit 2 outcrop width varies from less than a few 10s by two narrow svnclinal structures Q) trending NNW and one trending NNE, that merge | synclinal axial mapping of structure and e The oldest structures appear to be the closely spaced, open synclines
. . - . : —t  surfacet : 1 .- . :
e Previous work by others in the Drunka and El Rufuf e Our preliminary work in Google Earth described above on of meters on the west side to nearly 2 km on the east. Y y Gray-brown map units 5, 7, anc?l 9 turned out not to be bedrock units at all but, rather, er € south into one syncline. ! :apaz:itr:j;ber stratigraphy indicates, and anticlines that are overprinted by a prominent set of narrow
Formations has targeted general sedimentology, stratigraphy, structures along the Drunka - El Rufuf contact lies in an area P r e _f i e I d W 0 rk m a i n Nothing in the literature suggests significant variation in unit thickness. Variation in outcrop width likely :aik—colcired sutrfa(;e la;g depos;t;Tl;e photoheolfolx./e lef: sho;vz1 the kgr;y-b;own. I,napl um;ch t e The southern syncline lies parallel to a major NS 3 f;?j r::?:?:rizzr:ieces) o however, that .the contact synclines with medium spacing.
and paleontology (e.g., Hassan ef al., 1993; Kaheila et al., 1990; about 20 km east of the Asyut-El Kharga Road —an area not reflects differences in dip amount, with extreme outcrop widths where bedding surfaces of a more resistant . ;ev(\;iii CZZ:?SSdieO; :Il;)(;};sd(;nt (:arlincs(fl(‘;iecliefr;mrzser(:;e Tﬁirfz(e:ec’;ior}: :n(:;:’];:; aez:I :ils striking fault that continues south to bound the ;. e Egg;;e\?vb}; Elhtzsc}(; et TL . - <K]‘;ZS°“ et 1"1 1987) * The narrow synclines with medium spacing don’t hz;ve companion
i ‘ i i ble i i - : - 5 e road actually lies well within the Drunka icli ’ i icli
Rashed and Sediek, 1997) and includes focused studies on the easily accessible in the field. « We divided our reconnaissance mapping - layer have been stripped of overlying softer layers and exposed as a horizontal or slightly undulating surface. o e - 8 X " | A y eastern side of the El Kharga Valley. 94 | o) y | anticlines ef cor.nparable geometry. It's al.most as if the ant1e1mes are
origin of chert in the carbonates (Elshistawy ef al., 1997) and  When the opportunity arose for Alexandria University Masters area into sections and used Google Earth T 7 T ini eate that the dark-co ore ragments are w ite chert x./v1t a coating o .ar esert The pervasive “stripiness” of much of Formation, at the contact between our Units 3 and 4. Our a geometric accident of a process that actively formed synclines.
unusual large concretions in the Drunka Formation (McBride student Asmaa Dokmak to do both work in Google Earth and Pro to save a high resolution image of each - - - e e —— e varnish. Less abundant white fragments are limestone with no desert varnish. the western and northern portions of work indicates that the contact between the Drunka and EIl e Widely spaced zones of more complex intersecting fold structures
et al., 1999). field ground truthing, we chose an area along the same contact section for printing at 55 cm x 72 cm using a the study area (and, indeed, much of Rufuf Formations west of the Asyut-El Kharga Road S appear to be synchronous with development of the narrow synclines,
¢ Measured sections are limited to one drill hole (Barakat and but farther west, where the study area is accessible from the large format color printer e Tewksburv and Dokmak were in the US and Eevot respectivel the Western Desert between here and should be placed farther south, at the contact between our e }2 Prominent NW-SE, flat-floored have the most prominent late fault development, and have “real”
Fakhry, 1965) and to rare areas with significant vertical Asyut-El Kharga Road and where Digital Globe imagery offers We found that havine G . o Barth o hee de};l i be able to understand what eac}? ther V\I:as doiny A the Nile) is due to the presence of Unit 1 (the top of the El Rufuf Formation) and our Unit 2 ‘1;"‘ topographic lows (shown above anticlines with geometries more like those of adjacent synclines.
([ | » . MR . el M0 . . . . . . . .
exposure along the Nile escarpment (e.g., Kenawy et al., 1988), higher resolution than the SPOT images (shown above) that we the oun i at avmgf; OZi.e artt u]? on We took all of our “field” notes in Google Earth placemarks ani narrow, open, WNW-ESE trending, (the first UbUff in the Drunka Formation). SR \% with arrows) occur both east and Although this project at a regional scale is still in its infancy, we are
in small quarries along the Asyut-El Kharga Road, and in the used previously. le compE e(r scrfeen .0;3 ng 1n3 es_ii caved them as ki files synclinal structures that are typically ;}w west of the Nile. Those east of struck by how different these structures, which lie in the Stable Platform
escarpment bordering the El Kharga Valley (Hermina, 1967). e The purpose of our work has been to conduct pre-field work P acer.nar bS ;ee dar et c0111p e v is | " il hool K , several 100 meters wide separated by if g the Nile have been interpreted as of .Egypt, appear to be from fqu typleal of contractlorTal folds belts.
* Very limited work has been published on yardangs in the area mapping and structural analysis over a large area using mapdplng b}'] im (;n irl:l'over ayi e W . ?Ot N yl-ls 1:[ (eiacsl}'j ’ Tmal e 1 o butleac phacenllfr a-nd " broader, low amplitude, anticlinal Ol graben associated with Red Sea Might NE-SW extension assoc1atec1 with Red Sea opemflg. have
of the Western Desert (Grolier et al., 1980). imagery in Google Earth, to field check critical areas where 500t com 1r.1a 10T IOT TS COMPpTex area. THe ata are linked directly to a spot in Google Earth, making it easy L 0 — structures (detail map at right). rifting (e.g., Youssef, 2003). In our area west of the Nile, these structures produced small amounts .Of exten51.on along NW-SE striking %ones of
: ) i could zoom in closely on the computer to see what colleagues are thinking and to have discussions I e , basement weakness, causing the widely spaced narrow synclines?
e The contact between the Drunka and El Rufuf Formations has they are accessible along the road, and to generalize those | . . ey O K also clearly illum h (the T don th cut our WNW-ESE narrow synclines (left). , , .
b , - : : : C screen but map in a larger context on the using Skype. Data and observations in individual placemarks ' \ o R it ur work also clearly illuminates the nature of the lineaments mapped on the NE-SW extension would also put left lateral transtension on pre-existing
een mapped on the Asyut Sheet of the 1:500,000 Geological field results to validate and improve our mapping in the A4 et bt o , . . . o T
Map of Eeypt (Klitzsch et al., 1987). Essentially the onl ) ) : | paper printout. Hand mapping also allowed can easily be added to and updated as work proceeds. In a few rare places, we encountered small outcrops of pale buff, fissile, slightly marly 1987 1:500,000 geologic map sheets (Klitzsch et al., 1987) (see, for example, the A Ckn OWI e d g eme nt S NS basement faults. Small amounts of slip might have produces initial
wOTEEYP ey § Sy e On. g tnaccessible portions of the area. | us to make tentative mapping decisions in h Tewksburv h d thi limestone poking up through the dark surface lag, from which we infer that the chert lag lineaments in the geologic map in panel 1 of this poster, far left). Because the map L _ . 3% % =% , , synclines that were co-eval with NW/NNW synclines, with later more
structural work that has been done in the Study area is the " Asfaras we are able to determine’ the structures that are the i d ke ch il " inthe PaSt o years, TEWISRELY e HhE fhis same Strategy e asludaill R 5 deposits blanket laregelv non-resistant sequences in the stratieraphv. That non-resistant authors had access Only to low resolution Landsat MSS images (at 79 m/ pixel) ASTER SWIR (lef d TIR (richt) i db We are grateful to Sarah Robinson (US Air Force Academy) for Complex structures developing particularly where Stepovers occur
mapping of lineaments for the Asyut regional geology sheet subject of the work reported here have been previously uncertain areas and to make changes eastly, successfully for mapping in Google Earth on four other projects : P : ey q : srapm : : : : o ’ | | el B (left) an (right) images processed by helping us with ASTER image analysis and to Hamilton Mobilitv of underlvine shal :oht have been involved 1l
: : both of which are more difficult when : ST TP , limestone underlies the dark surface lag is confirmed by the presence of white carbonate they mapped lineaments wherever they saw linear trends in the satellite imagery. Sl A SRR ViEEY LAl Wit Dr. Sarah Robinson support our intepretation that _ o . . . obility ol underlying shales might have been involved as well.
Landsat MSS . : in Egypt with nine collaborators spread over seven institutions in the US and Egypt (Tewksbury et al., 2011; | | RGP RURNRAN | o RS PP p d d D Farkas for initial mappine of rtion of thi . . . . . .
using Landsat 1magery. unrecognized and unstudied. 8YP P yp y : : : . . - - 4 km. - , undergraduate Devin Farkas to tial ma of a portion of this
5 5CLY & : o O dv h led that th f these 1 { h . - . : & pping p Continued regional extension might have overprinted the synclines
mapping digitally. Tewksbury et al., 2010). powder just beneath the surface, as shown in the tire tracks above right. ur study has revealed that the vast majority of these lineaments are, in fact, the , Al W Dci:;ae 2 ' Drunka-El Rufuf contact lies at the arrows west of the W teful f ; :ded b stitutions:
, narrow synclinal structures described above, rather than faults. Sk — : Q¢ Asvut-El Kharea Road area. Y¥e are grateiill 10T suppoft provided by OUTISHIUHONS: with major graben, particularly in the eastern portion of our area.
Y & ' Hamilton College, Alexandria University, and Damanhour University.






