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J/\“\ INTRODUCTION southeast to Chala (lat 15°40" S.) and the Ica Erg Complex. Here the local strong South Pacific high-pressure cell developed (see Quaternary Climate Because the mountain ergs were proximal to the coast before uplift of the Ica Gay, Parker, Jr., 1962, Origen, distribucién y movimiento de las arenas
g1° // 3 The longest west-coast desert in the world stretches for 5,600 kmalong wind systems (sea and land breezes, El Virazon and El Terral) overshadow Changes). platform area, they are presumed to be older than the platform ergs. The eolicas en el drea de Yauca a Palpa [Origin, distribution and
= (/, the Pacific coast at the base of the Andes, The seuthiarm pat, i Chile, is .the.offs_hore winds. At Pisco, the prevailing wind direction is northwesterly, Coastal Peru is tectonically unstable because it is located above the ' preservation of platform and mountain ergs is dependent on (1) multidirec- movement of eolian sand in the area from Yauca to Palpa]: Congreso
pre 1 known as the Atacama. The northern part, in Peru, has no formal name and m'dxcatmg substantial or}shore winds. This condition arises because south of subduction zone between two actively converging plates, the Nazca plate tioqal winds (see Climatic Setting) and (2) lack of significant rainfall even Nacional de Geologia, Sociedad Geoldgica del Peru, 2do, Anales, Part
A/ \ R T T T N R i Pisco a coastal mountain range (Cordillera de la Costa) protects the inland and the overriding South American plate (Shepherd and Moberly, 1981). during ENSO events, of which only the strongest reach this far south. II, v. 37, p. 37-58.
; / o b \ Sexhurs Desert) fo its soufl-eentralpart, the seastal desert-contains sand areas of the platform from cold marine air. They are therefore warmer than Although the Pergvian Andes lie along the “ring of fire” that rims the Pacific Mountain ergs were photographed by Rich (1942, fig. 225), alluded to by Grolier, M.J., Ericksen, G.E., and McCauley, J.F., 1976, Wind-furrowed
//’/ ) I deposits that are unusual in several ways. First, the climatic setting of the other areas, and‘ t.hey <.iraw'm thg cgoler e thg oayatFiscoto Oean n.o Quaternary volcanism ha.s occurred north of lat 15° S., where the RN U e Gay (1862}, sandstone along the northeastern margin of the Sechura Desert
> & , coustal desertis pelatively stimyils—seln alls only: diming periodic E! INifio the north. Prevailing wind direction is northwesterly from Pisco to Ica. South Nazca Ridge abuts the South American plate (Barazangi and Isacks, 1976; OTHER EOLIUM [Peru]: Geologica Romana, Rome, v. 15, p. 317-325.
- ) ( storms (described under Climatic Setting) and thus can be disregarded as an of Ica, south.erly. and southwesterly wm_ds, modified by local relief and the NL.xr and Ben-Avraham, 1981). However, earthquakes are common, as In northern Peru, particularly in the Sechura Desert, the relatively high, Grolier, M.J., Ericksen, G.E., McCauley, J.F., and Morris, E.C., 1974, The
S g% ‘ erosional agent, and ceaseless winds blow from the southeast. As a result, northweste_rh'es Just.des.cnbed, are dominant (Johnson, 1976). evidenced by the F of May 31, 1?70 (Pflaker and others, 1971), which ENSO-related precipitation and unobstructed winds favor the deposition of desert landforms of Peru—A preliminary photographic atlas: U.S.
, s\ E~/‘ \ patterns of sand transportation and deposition are also relatively simple. The:aridity, toist arr, and constant low terjnperatures along the coast of dev.astated the reman inland from Chimbote (lat 9° S.). A long-term vertical sand in several of the map units grouped as other eolium. These units are Geological Survey Interagency Report 57, 146 p.
/ s N )\ Secorid, dine fidlds and ergs are abundant and differ according 1o age, Peru, as well as the persistent southeasterly winds, can be attributed to the uplift of the coastline at an average rate of 1.8 cm per year was calculated by barchan dunes (unit b) and three vegetation-dependent forms—parabolic Hartline, B.K., 1980, Coastal upwelling—Physical factors feed fish: Science,
/ — N terrain, latitude, and distance from source area. Their diversity provides a unusual circulation patterns of wind and water in the region. Air circulation Wyss (1978)" Sandweiss and others (1981), however, found a single large dunes (unit pa), coppice dunes, and vegetation mounds; the last two forms ¥ 208, . 3840,
’/ g sample base large enough to develop general models of depositional off .the coast of Peru is pow.ered by the persistent high pressure of the Holoce'ne UPllft of the coa§tal region between lat 8°30" and 9°00" S. Additional together with zibars (described below) are mapped as unit cmz. Some of the Henning, Dieter, and Flohn, Hermann, 1977, Climate aridity index (Budyko-
patterns, including those of transportation from the source area to the anticyclone system of the mid-Pacific. The counter-clockwise rotation of geologic evidence of episodic Quaternary uplift of the Peruvian coast ratio) [map of the world]: United Nations Conference on Desertifica-
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storage area, of bedform development, and of relations between different
terrains and the dune fields. Third, because dune fields are of different ages,
the stages of their development can be studied. Thus, the coastal desert
provides a unique opportunity to study the results of differing eolian
processes in a varied area, which is reasonably accessible via the Pan
American Highway.

The eolian features of the coastal desert are confined to a strip between

wind around this system is streamlined by the Andes to produce a low-level
jet stream parallel to the South American coastline (Lettau, 1978). The
resulting southeasterly winds drive cold Antarctic waters northward against
the Peruvian coast (Smith, 1981; Thiede and Suess, 1983). Here they well up
frorn depths of 50 to 240 m (Demaison and Moore, 1981) to form a nutrient-
rich, cold surface current flowing northward at velocities of 10 to 30 km per
day (Zuta and Guillen, 1970; Demaison and Moore, 1981; Scheidegger and

includes the raised marine terraces (tablazos) of the Talara-Paita region in
northernmost Peru (Richards and Broecker, 1963; Richards, 1967; Richard-
son, 1969). Farther south, beaches are stranded by prominent wave-cut
cliffs. However, simple calculations of uplift based on height of marine
terraces above sea level are complicated by sea-level changes. Many marine
terraces along the coast of Peru were formed during Pleistocene marine
transgressions (DeVries, 1987; Wells, 1987). So far, no realistic rate of uplift

barchan dunes are giant compound forms, of which the most notable is
Pur-Pur Dune (fig. 7; Simons and Ericksen, 1953; Simons, 1956; Smith,
19564, b); brief descriptions of other fields of giant barchans in northern Peru
have been given by Smith (1955a, b, 1956a, b). The area has changed little
since it was photographed in 1939 by Rich (1942, figs. 272, 274). Barchan
dunes also occur in erg source areas and transportation zones. The
parabolic dunes (fig. 8) are primarily beach dunes; inland they are stabilized
by vegetation. Most are found along the coast south of the Sechura Desert;

tion, Aug. 29-Sept. 9, 1977, Nairobi, Kenya, scale 1:25,000,000.
Johnson, A.M., 1976, The climate of Peru, Bolivia and Ecuador, in
Schwerdtfeger, Werner, ed., World survey of climatology, v. 12,
Climates of Central and South America: New York, Elsevier, p.
147-218.
Koepcke, H.-W., 1961, Synokologische Studien an der Westseite der
peruanischen Anden [Studies of commensals on the west side of the
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/_/ / /,// the shorelng and the Andesn foathills. 'Ijhi.s regior.] is newly emerge'nt ar'ld glrissek,tliSS). '{:Z upwglling of cold sea water is partic.ularly §trong becagse f)hlfoughl tinl'le, t(;ased on both eustatic sea-level changes and tectonism, has their only other occurrence is far to the south in the Cerro Huaricangana .Peruvian Andes]: Bonn,.F.D. Verlag, 320‘p.
Mancora Erg /‘\ - tectonically unstable. People, water, anql mjlgat'ed fields are found primarily e coast of South America projects westward, contacting actively circulating een éa culated. . Erg, 125 km southeast of Ica and inland from the coast. The coppice dunes Lanning, EP., 1963, A pre-agricultural occupation on the central coast of
e C where the narrow flood plains of mountain rivers cut across the desert to the water of the open ocean to very low latlt}xdeS_(LydOlph, 1957). Because the rustal instability and emergence along t'he Peruvian coast are also (fig. 9) and vegetation mounds cover large inland areas, primarily north of Peru: American Antiquity, v. 28, no. 3, p. 360-371.
/ ) sea. Most of these rivers are intermittent, and farming and irrigation are water is so cold, the adjacent 300-m-thick air layer is perpetually cooled, documented by a growing body of archeological data on pre-Columbian Trujillo where vegetation is common, but also south of ﬂ:le Pisco Erg where 1965, Early man in Peru: Scientific American, v. 213, no. 4, p.
Cabo Blanco “/;”7) ‘ &Q regulated by the supply of water from the mountains. The river valleys, as lacking t.hermal convection cells and pre\{enting preci'pitation (Hartl_ine, irrigation farming i,m_d o its subsequer-]t collapse due to the decrease and groundwater-fed vegetation fixes the’ sand. 68-76.
gty — </ et well as the low, typically dry deflation basins in the Sechura Desert and 1980; Reimers and Suess, 1981). Thg resullt is a desert with perpetual wind; even .reversall of 1rrlgatlon-canal gradients (Moseley, 1983). Large-scale Zibars (fig. 10) are mapped with the coppice dunes and vegetation Lanning, E.P., and Patterson, T.C., 1967, Early man in South America:
. “ 4 \ elsewhere in northern Peru, are periodically inundated by El Nifio rains. The almost constant cloud cover at the inversion layer; cold, moist marine air; irrigation agriculture in coastal Peru began after 900 B.C. (Park, 1983), but mounds on the basis of their size (less than 10 m high), but in contrast to Scientific American, v. 217, no. 5, p. 44-50.
\! C _ effect of El Nifio is strongest in the north and weakest in the south, allowing and frequent fog—but with no rain. “abandoned [prehistoric] canal sections presently run uphill or have these other dune forms, they are not vegetation dependént Becaiss silirs Lettau, H.H., 1978, Concluding remarks, in Lettau, H.H., and Lettau,
| — . observation of the effect of differing amounts of precipitation on eolian . A final factor in ensuring hyperaridity in coastal Peru is the Andes, grédignts that would be inoperable today” (Moseley and others, 1983); tilted have low angles and la(;k a slip face, they are difficult to re(,:ognize fromthe Katharina, eds., Exploring the world’s driest climate: University of
/,»' \ (\S\ processes. 7 which rise within a few tens of kilometers of t'he coast to heights pf 4,000 to bUlld‘“SS are common on archeological sites (Donnan and Ortloff, 1983; also ground, although they are visible fr;)m the air. They occur only in areas of Wisconsin-Madison, Center for Climatic Research, Institute for
, / - T The map shows the areal distribution of major eolian deposits, gathered 5,000 m. They not only cham?el thg coastal. winds tg proquce the jet stream, found in quelgy a.nd others, 1983). Sea-level cl:lang('as or tectonism could reversing winds on the Ica platform. Environmental Studies, IES Report 101, p. 249-264.
Lobitos® C — under the generic term “eolium,” and of the principal wind-eroded landforms. but they alsq form an effective §hleld agalpst trpplc?l air masses from the account for indications at olfier dated archeological §1tes that th?j shoreline Lomas (unit |, fig. 11) are composed of sand that has been stabilized by Lydolph, P.E., 1957, A comparative analysis of the dry western littorals:
% N The 500- and 2,000-m topographic contours relate the ergs and smaller dune Amazon basin (index map), which otherwise might interfere with the well- of Puerto de Casma (lat 9°30’S.) was as much as 3 kminland from its present mats of Tillandsia, by blue-green algae, and by other plants that acquire their Association of American Geographers, Annals, v. 47, p. 213-230.
fields to overall Andean relief. The Continental Divide, the crest of the established inversion layer. position until about 2,000 yr B.P. (Pozorski and others, 1983). In south- moisture fromintense coastal fogs. Alt,hough their range is thus restricted to McCauley, J.F., 1976, The surficial geology of Mars: Academia Nazionale
Talara . ] = ) Western Cordillera (Cordillera Occidental), is shown to give regional Thus, hyperaridity in coastal Peru is ensured by (1) an inversion layer of central Peru, a few kilometers southeast of Peninsula Paracas (13°50’ S.), a the coast, lomas are important because their stabilized sand increases the dei Lincei, Atti dei Convegni Lincei, Rome, v. 25, p. 141-158.
( Figure 15. Wmd-etch,ed f‘urrows in sands-tone, Whlcl‘-l s?lopes gently to the perspective; its various segments and major peaks bear their Peruvian cold m.aritime air above the ocean along the coast, which prevents the raised lagoon floor is surrounded by conspicuous shell mounds and middens extent of arable land and because their sensitivity to small climatic changes is McCauley, J.F., Grolier, M.J., and Breed, C.S., 1977a, Yardangs, in
Puinta Paiiftas / n?rth towards Rio Piura (.at top of picture). Individual shrubs are as - forrpatnon of convection cells and thereby reduces annual rainfall to a few that stand 5 m above sea level and have been dated as 3,550 to 3,650 yr old useful in studying such changes. omas are mapped in coastal and platform Doehring, D.O., ed., Geomorphology in arid regions: Fort Collins,
Punta Balcones high as 2 m. Foreground is about 0.2 km across. We gained first-hand knowledge of the coastal desert of Peru during millimeters, and (2) the Andean cordillera, which helps channel the cold air (Craig and Psuty, 1971). However, DeVries (1987) and Wells (1987) found areas where they are clearly defined; loma vegetation is not mapped where it Colo., Donald O. Doehring, p. 233-269.
3 field expeditions in 1971, 1973, and 1978. Field work included ground north along the coast and separates the dry environment of the coastal that many shell mounds and middens are still at sea level, stranded by occurs on bedrock and in many’small patches on sand. Lomas were ____1977b,Yardangs of Peru and other desert regions: U.S. Geological
/ Limit of \ ) reconnaissance of eolian features followed by a flyover to gain an aerial desert from the humid easterlies of the Am_azon basin. . prograding bea.ches after the Holocene maximum transgression. described by Nuriez (1949) and Engel (1973). Survey Interagency Report: Astrogeology 81, 176 p.
// i pibiot = } perspective. We acquired thousands of ground and oblique aerial photo- ) In Tu?rtl?em Peru as f.ar sputh as 'lea, the main departure' from In COanIU&Oﬂ, Peru has been proven to be relatively young. Vqlcanism Sand streamers (unit st, fig. 12) and sand sheets (unit sh, fig. 13) are thin Mégard, Francois, Noble, D.C., McKee, E.D., and Bellon, Herve, 1984,
Sullana C0V°T29¢ . Piura / graphs in the field. We supplemented the field work by studying topographic yperaridity = cagsed by ?P‘S,f’dlc torrential dowrilpour's associated with the and batholith gn‘lplacem'ent, along with utht_ and b.athohth unroofing, had units of low relief that barely cover their substrate. The streamers are sorted Multiple pulses of Neogene compressive deformation in the Ayacucho
77 % and geologic maps and hundreds of vertical aerial photographs. Thus we pnset of El Nifio (“The Child,” so-called because its arrival at the west coast fo'rmed a formidible barrier to atmospheric circulation by the middle of the in a distinctive pattern (noted in Description of Map Units) and are intermontane basin, Andes of central Peru: Geological Society of
A —— studied almost all map units and major landforms on the ground as well as on is commonly at Christmastim'e.). During El Niﬁq even?s, the high-pressure Mlgcene. Most o'f the coastal desert is newly em.ergent because of tectqnic associated with yardangs. Both the streamers and the sheets are rippled. America Bulletin, v. 95, p. 1108-1117.
photographs. The exceptions are zibars, which were not recognized at the system over tbe Sou'th Pacific decreases in intensity and sea surface upl.lft and.eustatlc sea-level changes and associated beach progradation. PRINCIPAL WIND-ERODED FEATURES Molina-Cruz, Adolfo, 1977, The relation of the southern trade winds to
< time, and some of the mountain ergs, which were hidden by fog during parts temperatures rise, while corresponding pressure cells in the Indian Ocean This terrain formed after the onset of hyperaridity and has not been eroded ) ] upwelling processes during the last 75,000 years: Quaternary
Chulucanas of the ground and air reconnaissance. fail, and the Indonesian low is strengthened. This pressure change was first by water to any significant degree. Areas in northern Peru and the region of the Ica Erg Complex are Research, v. 8, p. 324-338.

CLIMATIC SETTING

The four conditions for the existence of a sandy desert are met to an

climatic and are discussed below.
The aridity index (Budyko ratio) for the mapped area ranges from 50 in

observed by Walker and Bliss (1932), and overall the phenomenon is known
as the Southern Oscillation. Today, the local effect (El Nifio) and the regional
event (Southern Oscillation) are usually lumped in the term El Nifio/Southern

records. They concluded that the average period between all ENSO events
has been 3.8 years. Frequent but moderate ENSO events have affected only

QUATERNARY CLIMATE CHANGES

Important factors in evaluating the ages and accumulation rates of the
dune fields in the coastal desert are the onset and duration of consistent

strength of the cell might permit seasonal or year-round precipitation along
the coast. Northward or southward shifts in the pressure cell would change

characterized by, in addition to eolium, hybrid erosional forms such as
vardangs (fig. 14) and furrows (fig. 15). Yardangs are streamlined, wind-
sculptured hills; those in Peru are developed in sedimentary rocks and have

directional winds prevail or where wind direction reverses daily to cause sea
and land breezes, as in south-central Peru in the lower valley of Rio Ica (fig. 5;

Moseley, M.E., 1983, The good old days were better—Agrarian collapse and
tectonics: American Anthropologist, v. 85, no. 4, p. 773-798.
Moseley, M.E., Feldman, R.A., Ortloff, C.R., and Narvaez, Alfredo, 1983,

_ Pl .unusually blgh degree in coastal Peru: (1) a“d‘ti’]’ @) l:;lersstlent fwmg’ @) arﬁ Oscillation (ENSO). During an ENSO, the monsoons fail in Indonesia and southeasterly winds, which ensure hyperaridity. Changes in the coastal a blunt, rou_nded end upwnr?d, ANAITOW Erest with symmetrical side slopes, Principles of agrarian collapse in the Cordillera Negra, Peru: Annals
Paita inexhaustible supply of sand from coastal beaches, channels of ephemera the coast of Peru is deluged (Walker and Bliss, 1932; Quinn, 1971; Philander : : : PR and a tapering end downwind. They range in length from less than one to i i
Sand Sheet t d barren ground under constant deflation; and (4) a lack of e . ’ ; Quinn, : er, climate have been caused by changes in the South Pacific high-pressure cell. hundreds of A . of Carnegie Museum, v. 52, art. 13, p. 299-327.
SifgRInS, SHid Sartetl g i T > e 1985). ENSO events ranging in intensity from moderate to very strong have Should the strength of the cell increase, no El Nifio incursions would take uncreaso m'eters. Ithough yardangs can occur singly, they are commonly Miiller, G.K., and Miiller, C., 1974, Vegetationskundliche Studien in Peru
vegetation, which is controlled by aridity. The first two conditions are been summarized by Quinn and others (1987) on the basis of historic place and hyperaridity would be even m’ore pronounced. A decrease in the clustered in fields of parallel forms. They are found where strong uni- (Teil 1) [Vegetation studies in Peru (Part II)]: Wissenschaftliche

Zeitschrift, Leipzig, Karl-Marx Universitat, Mathematik-Natur-
wissenschaftliche Reihe, v. 23, no. 5, p. 559-580.

\ LT : : i i d Flohn, 1977). These values are . <o s ioqe i -49: - . R
\ o® : hlelt o ) S / t:e notr' o tlc)) 1t50 o thetsoucflh ‘f'l-lenntlr}ci o f; o s d ! ipitation. Rati the northern coastal areas; precipitation has been carried into the southern precipitation patterns along the north and south edges of the coastal desert. Grohgr and ofhers, 1974, P 47-45; M°C3“1€§’ and others,l 1977a, b). Nielson, Jamie, and Kocurek, Gary, 1986, Climbing zibars of the Algodones:
Y . vphoto coverage i the ratios between net radiation at the surface and precipitation. Ratios  agtal desert only by very strong events that have occurred i \ : Peruvian yardangs are hybrid landforms: those in the lower Rio Ica valley i -
\ 6} L Ramon Grand \ e larger than 1 indicate radiation in excess of available moisture; ratios greater : o g g urred, onaverage, at Unfortunately, evidence for climate change along the coast of Peru is iginall “i ¥ i Secmentary Ceglags. .48 p. J-15.
N 0 ABGRRRAIGN SIRRES 3 ¢ 4 ki . . o . C. ditions; 50-year intervals. Thus the northern part of the coastal desert has received contradictory, subject to multiple interpretations, or insufficient to develop a e g stream-erodedl rock "islands” that have been undergoing Noble, D.C., McKee, E.H., Farrar, Edward, and Petersen, Ulrich, 1974,
Laguna Ramén Chico Dune Train 400 N\ / tha.n 1._5 are con51dered‘ sgmﬂcant mdlc:—..\tc.)rS of potentla.xl.Iy arid conditions; much more precipitation than the southern part. chronology of,climates and their changes during’ the Quaternary deflation since the trunk streams became incised; other yardangs parallel to Episodic Cenozoic volcanism and tectonism in the Andes of Peru:
( o, ratios in excess of 20 indicate hyperaridity, the condition of all parts off The beainning of hyperaridityin the coastal desert ianaled by th . . ; the coast developed in former marine terraces; those in the far north near i &
L N coastal Peru. However, lack of precipitation does not mean lack of moisture t of J 1l = f Xpt ¥ We d Wa]i =R eh g th © Much of the evidence for climate change comes from the north coast of Talara have been rilled and gullied during episodic El Nifio d ' Farth and Flanetaty Science Lettars, v, 21, p, 213 220.
(] p . > ’ ) onset of upwelling of Antarctic waters. We do not yet know when this ; : e : episodic N0 downpours. fi .O.V. i6 i6 i
\ nor does it indicate excessive heat. Frequent heavy fogs (gartias) and H 4 Peru, on the edge of the hyperarid zone. Climate in this region changes Drutiez, MO, 1963, Lavegeissiony lode as lmas delategifinde Aoart
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SECHURA

perpetual cloud cover, which is formed at the inversion layer between cold
and warm air, provide some moisture to coastal Peru and keep its
temperatures below 28 °C year round (Johnson, 1976).

Winds are dominantly southeasterly, paralleling the coast and the
Andes (Johnson, 1976). In the south, around Lima (lat 12° S.), these winds
parallel the coast at nighttime and in winter, and they are westerly in the

ancient upwelling began or its relation to the rise of the Andes. However,
evidence of the onset of upwelling and of its fluctuations has been preserved
in the sedimentary and fossil record of the continental shelf and slope (Suess
and Thiede, 1983). Such evidence indirectly aids in the interpretation of the
paleoclimate of coastal Peru during much of the Cenozoic. Recent work on
this problem is summarized below.

GEOCLIMATIC HISTORY

abruptly from hyperarid in the south to tropical. Even moderate ENSO
events or small movements of tropical storms to the south bring moisture
into this part of the coastal desert. Near Talara (lat 4°37" S.), the late
Pleistocene faunal assemblages of the Talara tar seeps include waterfowl,
crocodiles, mastodonts, and ground sloths, indicating a more humid
regional climate at that time than at the present (Bryan, 1973) and suggesting
that the desert was smaller at times in the Pleistocene (Lanning and

Erosional landforms in the Sechura region were described by Bosworth
(1922). Where yardangs are interspersed among sand streamers along the
terraces of the lower Rio Ica (fig. 12), they are included with this unit.
Wind-etched furrows (fig. 15), deepened by fluvial and chemical
erosion, have formed in sandstone underlying interfluves along the northeast
margin of the Sechura Desert (Grolier and others, 1976). The furrowed area
is more than 75 km long and 35 km wide. Furrows are 0.5 to 1.0 km long, 25

[Vegetation and flora of the lomas in the Acari region]: Lima, Peru,
Revista de Ciencias, 1y 2 trimestres, p. 29-38.

Nur, Amos, and Ben-Avraham, Zvi, 1981, Volcanic gaps and the consumption
of aseismic ridges in South America: Geological Society of America
Memoir 154, p. 729-740.

Park, C.C., 1983, Water resources and irrigation agriculture in pre-Hispanic
Peru: Geographical Journal, v. 149, no. 2, p. 153-166.

Vega de ¥, 6° I 2 5 s : . ) ;
: T = morning in summer. Farther north, near Trujillo (lat 8° S.), wind directions t . k B 2

Bayoyar @ W\ B udo'f s i ( % in th TECTONICS Patterson, 1967). DeVries (1987) has reported a southward shift of cold- & 100 Wld.e s Sl 3 dew ce'ntlmeters fo ° B 1tnete'rs deep; they are Paskoff, Roland, 1973, The Plio-Quaternary climatic changes along the

"\ have a more easterly component, changing from south-southeast in the S ; subparallel, aligned northeast in the approximate direction of the onshore o ao ; :
/ \ C A morning to south- southwest in the afternoon. The winds all along the coast The rise of the Andes, even when considered to have occurred only caiaba sl gt sl e s B e e southweste,rly wind. Eolian grooving and fluting of bedrock, includin semianid seaboard of Cl_nle, i Amiran, D.H.K.,- R
/ \\\ I / S ) ._\’5 \ CERRO have a slight onshore component, but they are not real land-sea breezes. since the start of the Triassic and to be restricted to the Peruvian cordillera, caused by the onset of ENSO eventsin Fhe SOUth Pacific. Richardsoni{1978) limestone (Smith 19.55b) accompanied by deflation and saline vt,zeatheringg ?st-" Co'astal desgrts, Sl e
\ / \YAN‘Q’%\#&I‘QCA Wind speeds range from between 4 and 8 knots around Lima to 13 knots is an extremely complex sequence of events. It involved at least three suggte; tedfﬁ;ﬁt mRa - gné)}\:g molh:lsll(s, thl: lived 8,000 to 6’000$;B'P_'1_a; the are common polygenetic processes elsewhere in northern and south-centrai Plaker 22?;? gﬁﬁ;ﬁngﬁe?ﬁg cljrzc_}}as lj F., 1971, Geological aspects
e ' ! Dunas los PN ‘ g\ il Figure 9. Coppice dunes. Shrubs are as much as 2 m high. Foreground is around Chimbote (350 km northwest),‘averaging 10 knots along the entire orogenies during the Late Cfetaceous, Eocene, and early Pliocene (Zell, IMOUES O e Rio -G le fesadt SIeAms neal pleschboay .. aiara, Peru, particularly east of the Peninsula Paracas (Grolier and others, 1974, p. c;f the M; 31 19’70' [;;ru arthi ,k.‘ ic, i d logical Society of
\g‘@ . by / / 5 about 0.2 km across. coast. Winds are generally stronger during the second half of the year. In the 1979, p. 27-43). These orogenies were accompanied by or interspersed with retrgateq nortbward 149 km to Tumbes because of 1ncrea§ed Holocene 39; McCauley, 1976) and on the terraces of the lower Rio Ica valley e ‘ S dnare memological soiely ©

Diine Trdin 5y I /o } /41 93 m/ coastal desert, prevailing southeasterlies show a pronounced curvilinear large-scale volcanism and emplacement and unroofing of batholiths (Cobbing, dessication. His conclusions have l?een challenged by De,Vrles (1987) and The mapped units and features are only a fraction of those in the ;:oasta] Phil Qmegcé E{unitglgé VE|6 11],? : 54\1—]5_78[;1* - J 1 of the A heri
Y y ! ) i " ( /N /> A pattern as they move inland, changing to southerlies, southwesterlies, and 1972; Noble and others, 1974). Most important for the coastal desert is the We”? (1387) , both of vu;hom ei\tabll}shsé that R1ch;:irckl)son N rSOHUSkS were desert. Windblown sand commonly is too thin and discontinuous to map; lansgém;es’ v" 492 né) 23 mo;g;z 23662"1;JL BURI SHSEG el
Punta la Negra Erg S Alto Cabo Verd? e Train LV 4\.)0(7/ /\ westerlies. This pattern can be ol?served in "the orientation of individual ~ growing body of evidence (Mégard and others, 1984; Tosd.al and' others, :Zggetlfio:\?/irtr:—c“(fl];i:a?;n(s) terffni;(:in:;ai::iitfockayliezrélare\fit:::::bm most eolian erosional features are too small. Three types of these features— Potter. P.E. 19’86. S(;uth. An;ei-ica and a fow isils of sandk Pt I Beagh
m\\ CaiiG / QE/ y dunes and dune fields (Rich, 1942, fig. 267; Craig and Psuty, 1968, p. 52-59). 1984; Alpers, 1987) that the Andes have been a barrier to tropical rains from »OpP v y- blocks hollowed out by the wind (tafoni), sun-cracked pebbles, and rocks ;ands’: Jou;nal of Geology, v. 94, p. 301-319. '

/

g1° \

s

DeVries and Wells suggested that these warm-water mollusks were

Dune Train 3 ;:j»--,y & An exception to the general direction of the surface winds along the the Amazon basin and a funnel for southeasterly winds since the middle i — i : . : .
\& DE‘SERT ( S ) L“;,’;ijj?f/’/ i coast is in thi platform agrea south of Pisco (lat 13°43" S.) that extinds Miocene. If so, hyperaridity could have begun at a:y time thereafter, when a obliterated from .the I?eruvian coa.st as Holocene marine transgress.ion and ;’:g}:arehtl:: e:rf)?erﬁﬁ)e: lo‘::li: i‘;scf;:e:sbgcirt?)\?’n\iﬁiﬁ)‘\A/::;O::l}:;rc:?g:dlsf;[zg Pozori&;l'l'hlc;rg;sl; Po;grskl,.Shzllahbgaﬁikeg;, EJC, " [{/laHaKllDy my.sl'}ly}:l .
\ oy Y - /9’// \\) AN bgach progradatpn'ﬁlle'd the THAkNe embaym'ents w!‘mere they had lived; no illustrated by Grolier and others (1974, p. 49) and McCauley and others G. . h" 1r g i e sl e s
The base map is an enlarged version of the Mapa fisico politico, Republica del Peru [Physical political LN - chmateA s LRl S 2 (1.971) L. it (1977a). Most of these small erosional features are hybrids, formed by M e it 407_41‘6. :
map, Republic of Peru], 1970, scale 1:2,000,000, published by the Insituto Geogrdico Miltar (IGM) \ \ e LN theoretical grounds that lower sea levels during glaciations would have e processesthatinclude physical weatheringand chemical weathering < ennicet e b ernaty meteorological and oceanographic
del Peru. Locations of cities and towns, contour lines, and drainages were taken from this base. Ergs, N ~* ) enhanserd hypera.rldlty anclloaked the SOUt.h?m Oscillation intoahigh index by salt corrosion, in addition to deflation and sand blasting i shepelapupein i W cquntofil Pactic: Hatare, . 25, 0 330_33'1;
dune fields, and other eolian features were mapped on the Hojas de la Carta Nacional [Quadrangles of the \ @ Moitone - /"/ ) p.h age; shatacterizes by EXHEME hype.rarn.dlty ani no ENGL avents; This ’ ACKNOWLEDGMENTS . Quatinl, W.H, Neal, V., and fimtunez de Maydlo, S'E"‘ 1367, £l Nifin
National Map], 19691976, also published by the IGM, scale 1.100,000, contour interval 50 m, then o N g (T CmaEpe, ¥ s il b St sl PaiioTige (L IEVE0) St ks L el . . s Mpan e BURe b
transferred onto the 1:1,000,000-scale base. Locations and elevations of selected mountain peaks are T 3 O DMorrg'pEid - N o / al I ) wor.k H.] the Amazon baS} n. Hyperaridity since 5,000 yr B.P., punctugted by Spe@al Bhenis axe doe o The fOHC.’WI.ng persops who aided in the : Geophysical Research, v..92, o 14449_14461'
from Operational Navigation Charts L-26, M-25, N-25, edition 3, 1980, scale 1:1,000,000, of the U S. . \\\\ une e I 2 periadic ENSQ events, is well documented by, among others, Rollinsand  acquisition of data, used for the compilation of this map: Ing. Alberto eimers, G, and Buess, Ervin, 1963, Spatisl and teampor pattens of
e O] e e Ak fspato 0au, » Q:/ — 7 others (1986), Sandweiss (1986), and Wells (1987). In their summary of the Glesggke, Director, and Ing. Mateo Caseverde, Assistant Director, Instituto organic matter accumulatxop on the Peru contm.ental‘ margin, in
_ . ‘ B i £ I 2 long historical/climatic record of this coast, Quinn and others (1987) Geofisico del Peru; Ing. Guillermo Abele, Chief Geologist, Cerro de Pasco Thiede, Jorn, and Suess, Erwin, eds., Coastal upwelling—its sediment
The’fnllowmg are translations from Spanish to English. e Ri0_~ C e concluded that the climate since Spanish colonial times has been hyperarid Corporation; Ing. Juan Lacruz, Chief Geologist, Comisidn de Rehabilitacién record, Part B: New York, Plenum Press, p. 311-346.
bahia . ..oovvn bgy . pampa ........ plain C\hiclayo - .’\'""’/ /‘1/0,‘\0/ except during ENSO events. The evidence is therefore not clear that even yReconstruccion dela Zona Afectada;Ing. José Lizarraga, Director, Oficina Rich, J.L., 1942, The face of South America: American Geographical
COMmo « vt hill, mopmam‘ DIAYR i s 2o pos s 5 s beach \\ St (__ 500 B B northern areas of the Peruvian desert have had periods of increased or Nacional de Evaluacién de Recursos Naturales; and Ing. Eleodoro Bellido, Society Special Publication no. 26, 299 p.
cordillera. . .. ... mountain chain puero ........ port . \ B a0 ~ ~ decreased precipitation during the Holocene, and such evidence would not Director, Servicio de Geologia y Minerfa. Col. Jorge Tamayo, Acting Richards, H.G., 1967, A summary of the marine Quaternary of the Pacific
L1 PP coast AITT1) - headlfnq: point L & P A\ necessarily apply to the coastal desert south of the zone of frequent El Nifio Director, Servicio Aerofotografico Nacional (SAN), kindly arranged for us coast of North and South America: Journal of Geosciences, Osaka
duna(s) ....... dune(s) quebrada (abbreviated as “0.") \ ™ / / ~ rains. to examine the photographic files of his agency. Gen. Oscar Picconi, City University, Japan, v. 10, p. 83-90.
hoyada.s oo o0 s o 0 s hollow IS dry wash \_ 7 AN In the coastal desert south of the range of moderate ENSO events, Director, Aeronautica Civil, Gen. Frank Tweedle, Director, and Col. Richards, H.G., and Broecker, Wallace, 1963, Emerged Holocene South
laguna .. ..... . lake . {0 5 0 gy s fiver S | # D additional paleoclimatic work is needed. Lanning (1963, 1965) estimated that Guillermo Pestana, Sub-Director, Investigaciones de la Fuerza Aérea del American shorelines: Science, v. 141, p. 1044-1045.
nevado. ....... mountain sefial . oovuunnn signal E O’ l & s lomas (defined in Description of Map Units) were once 10 times more Peru (FAP), graciously aided in arranging for clearance of some aerial Richardson, J.B., IIl, 1969, The pre-Ceramic sequence and Pleistocene and
' {\ B extensive throughout Peru, during a wetter climate than today’s. However, photographs. We extend special thanks to Gen. Manuel Valencia, Director- post-Pleistocene climatic changes in northwestern Peru: University
P'agu'::’l:‘igz 0 pa // because lomas are formed under conditions of extreme aridity and intense General of the SAN, who arranged for aerial reconnaissance‘and photo- of lllinois, Urbana, Ph.D. thesis, 193 p.
WO F y coastal fogs, their possible extension would have been during a period of graphy to supplement our ground studies during the 1973 field expedition. 197.8’ Early eeiiel (eig) tbe Peruvian north coast, efarly IATIHNS
\Y/J hyperaridity, not precipitation. In Chile, a field reconnaissance found Lts. Luis Llaque and Juan Woll of the FAP served ably as our pilots in 1973. exploitation and the PlelstO(':ene anfi Holocen? environments, in
N\ intermixed sand dunes and soils and stratigraphically distinct cold-water and Ground transportation was furnished by participating Peruvian government Bryan, A.L., ed., Early man in America: Occasional Papers of the
\‘\ warm-water molluscan faunas, which led Paskoff (1973) to suggest alternating agencies, and a light airplane was provided by the FAP to supplement our Department of Anthropology, no. 1, University of Alberta, Edmonton,
\ : wet and dry climates in the past. ground reconnaissance in 1973. p. 274-289.
\(/f 7N O & 4333m \ Wind speeds and durations in the coastal desert have varied during the J.F. McCauley, G.E. Ericksen, and Grolier completed the initial field Sandweiss, D.H., Rollins, H.B., and Anderson, T.H., 1981, A single large
f L . 7~y Quaternary. Smith (1955a) observed differences in the color and stabilization work. PhOtOSYaPhS \.Nere'taken by McCauley and Ericksen. Field work and magnitude upl_xft n the HOIOCQ“? record of tl'.me Peruvian north
Pacasmayo ~— L of sand sheets; for their formation he hypothesized two episodes of intense the preparation of interim U.S. Geological Survey Interagency Reports coast: Geological Society of America Abstracts with Programs, v. 13,
O e = S K wind action separated by an interval of decreased winds. Oceanographic (Grolier and others, 1974; McCauley and others, 1977b) were sponsored by no. 7, p. 545.
P S /,/ I \ evidence based on quartz, opal, and radiolarian assemblages (Molina-Cruz, the Planetology Programs, Office of Space Science and Applications of the Scheidegger, K.F., and Krissek, L.A., 1982, Dispersal and deposition of
o2 e — \ 1977) indicates that velocities of winter winds were intensified during past National Aeronautics and Space Administration under contract W-12,872. eolian and fluvial sediments off Peru and northern Chile: Geological
o N f N cool climatic stages. Oceanographic evidence also suggests that circulation The compilation of this map was supported by the Geosciences Division, Society of America Bulletin, v. 93, p. 150-162.

Figure 1. Beyond storage zone of Pampa las Dunas Erg, showing sand recycling into ephemeral tributaries of
Rio Chao. View is west, across south-bank tributaries. Relief shown is about 200 m.
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continues today on a newly emergent terrain, and where the climate may
have been wetter than today’s until as late as 5,000 yr B.P. In the older desert
to the south, hyperaridity may have continued unabated since before the
Pliocene, and sand deposition may have been constrained only by sea level.
In such a hyperarid environment, sand blown to a sufficiently high elevation
could have been preserved throughout the Quaternary.

CLASSIFICATION OF MAP UNITS AND OTHER FEATURES
ERG-FORMING EOLIUM

Eolium is divided into nine morphostratigraphic units according to
bedform type. Because the dune fields and ergs form more than one type,
their eolium is divided according to their depositional substrate: the narrow
coast, the Ica platform, or the mountains. This classification is based on the
premise that further work will reveal additional distinct differences in erg
histories according to their depositional substrate. More precise stratigraphic
units may eventually be established on the basis of distinctive characteristics
of the sand—its mineralogy, sorting, and depositional history—but such
distinctions were beyond the range of this study.

In most of the map area, between the Sechura Desert and the Ica Erg
Complex, the coastal desert is only a few tens of kilometers wide. It receives
some moisture from ENSO inundations, particularly in the north, but their
influence is seldom felt south of Lima. In this region where the desert is
narrow, sand moves inland from the shore and is deposited in coastal ergs
(unit c) where the Andean foothills begin to obstruct the wind, generally
below elevations of 500 m (figs. 1-3). These ergs are also found on the
southern part of the platform of the Ica Erg Complex (fig. 4). Coastal ergs
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DESCRIPTION OF MAP UNITS
ERG-FORMING EOLIUM

Parabolic dune sand—Partly stabilized by ambient air and
ground moisture and sparse vegetation. Individual dunes
0.10 to 1.0 km long, 100 to 200 m wide, tens of meters
thick (fig. 8); long axes are oblique to coastline, parallel to
direction of effective sand transfer. Leading edges of
front lobes and steep, outer dune sides commonly
stabilized by grass or shrubs; front lobes overlap, indi-
cating two or more pulses of sand advance. Commonly in
large, elongated, multilobate, "partly vegetated coastal
blowouts south and southeast of Sechura Desert; rarely
in dune trains, as in southern part of Cerro Huaricangana
platform erg south of Ica Erg Complex. Forms small dune
fields adjacent to beaches or estuaries where sand supply

[Ergs (“sand seas”) generally isolated from one another by stream valleys. Listed in
order from most complete eolian system (consisting of source area, transfer zone, and
storage zone) at least complete system (consisting of storage area only)]
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- Sand of coastal ergs (Holocene)—Mineralogically immature;
composition in source area ranges from quartz arenite to
lithic arenite (Potter, 1986), but degree of sorting accord-
ing to size and mineralogy during transport inland is
unknown. Forms at least 25 ergs, one to several kilo-
meters across, distributed discontinuously along narrow

‘\ 00

/
Figure 2. Storage zone of Quebrada Grande Seca Erg. View is northeast.

Relief shown is about 150 m.
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coastal plain. Coastal ergs are independent, three-part plentiful; fields are discrete eolian systems, independent e Y ae— \Q
systems consisting of source area, transfer zone, and of much larger coastal ergs. Sand budget generally —10° / ; \%
storage zone against westernmost Andean foothills (figs. positive, because cultivated fields stabilize sand and Huarmey 5%, ‘ b \E

\ -
prevent fluvial recycling .-Bampa Metacaballe Erg

Sand in coppice dunes, vegetation mounds, and zibars—
Makes up dunes less than 10 m high. Coppice dunes are
temporarily stabilized as triangular wedges in lee of
vegetation clumps (fig. 9); largest field in eastern and
central Sechura Desert. Vegetation mounds are drift
sand fixed by vegetation; large mounds common along
Pan American Highway south of Pisco Erg where vegeta-
tion is fed by ground water. Zibars are low-relief dunes
lacking discernible slip faces (Cooke and Warren, 1973,
p. 309; Nielson and Kocurek, 1986); best developed in Ica
Erg Complex, also in corridors between longlinear dunes
in Ocucaje platform erg (fig. 10) west of Rio Ica. Coppice
dunes and zibars seem to be in steady state; vegetation
mounds in various stages of accretion or erosion, depend-
ing on local sand flux

Loma sand—Underlying and stabilized by loma vegetation
that receives only a few millimeters of rainfall per year (fig.
11). Exhibits faint soil profile. Restricted to areas of
frequent gardas. Lomas common in central Peru, but
only larger ones with sand substrate mapped. Loma
vegetation includes associations of algae, lichen, moss,
theropytes, and several species of the rootless monocot
Tillandsia (Koepcke, 1961; Miiller and Miiller, 1974).
Bedforms subdued or lacking where sand is stabilized by
algal crust, but stepped lomas (lomas escaladeras) com-
mon in south-central Peru. Lomas are sensitive climatic
indicators, but interactions between loma sand and
vegetation need further study before loma sand budget
and advances or retreats of loma vegetation can be
determined

Sand and granules of sand streamers—In yardang fields.
Poorly sorted by creep and saltation; in straight or slightly
curvilinear bands (streamers) parallel to wind direction;

1-4). Bedforms are (1) foredunes and linear dunes
adjacent to beach in source area; (2) barchan trains and
seifs in transfer zone; and (3) densely crowded barchanoid
and transverse ridges on steep, west-facing slopes of
coastal hills and Andean foothills in storage zone. Bed-
forms change abruptly due to differences in availability of
sand and sharp changes in gradient. Two to three
successive pulses of sand accretion are indicated by
overlapping bedforms in storage area; light-toned bed-
forms commonly overlap increasingly darker dune sand
from earlier pulses. Sand recycled by both fluvial and
marine transport. Overall sand budget either positive or
in steady state (if rate of fluvial recycling is in dynamic
equilibrium with rate of sand accretion)

Sand of platform ergs (Holocene and Pleistocene)—
Quartz sand mixed with unknown amount of lithic
fragments and heavy minerals. Most ergs cut off from I
supply areas by tectonic uplift, thus consist of only two
parts, transfer zone (where ergs are tens of meters thick)
and storage zone (where ergs are possibly hundreds of
meters thick and more than 25 km?2 in area; fig. 5). Ergs in
Ica Erg Complex merge into one another. Bedforms
include barchan trains and sand sheets in transfer zone;
zibars and parabolic dunes on proximal edges; linear
dunes, large barchanoid ridges, and star dunes in storage
zone. Overall sand budget probably increasing; locally
ergs may be in steady state or loosing sand

m Sand of mountain ergs (Holocene to Pliocene?)—Of

uncertain mineralogic composition. Present occurrences

in storage zones only (fig. 6), completely or partly cut off
from former source areas and transfer zones by marine
regression and tectonic uplift from Pliocene to present st
time. Present and past degree of sorting inland from
coast unknown. Ergs tens to hundreds of meters thick,
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Figure 14. CerroHueco laZorra,ayardang that is the erosional remnant of ariver terrace. The yardang is 50
to 100 m high and 2 to 4 km long. View is south. Note sand streamers at base of yardang. Foreground is
about 1 km across.
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Figure 10. Zibars mapped as part of platform erg sand unit (pl) in
corridors between linear dunes of Ocucaje Erg. North at top.
Vertical aerial photograph 18975, Servicio Aerofotografico Nacional.
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Figure3. Transfer zone of Quebrada Grande Seca Erg, showing trains of barchans typical of zone. Individual
barchans are tens of meters wide and several meters high. View southwest.
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several square kilometers in area. Larger bedforms overprinted by transverse ripples (fig. 12; see also fig. 14). aya de Pescador ke \

include megaripples along Andean valley slopes, bar- Streamers consisting of sand are light and streamers e 70\3\ f P d \ Co "

chans, barchanoid ridges, linear ridges, and star dunes in consisting of granules are dark. Streamers of alternately g Huaral - ( N i//'/é‘/vr

central parts of erg. Sand being slowly removed by mass light and dark ripples are one to several meters wide and e \‘1(
P

several hundred meters long. Streamers occur at several
places (not mapped) between Huarmey and Chimbote in
northern Peru, where they were first named “sand
streams” and described by Simons and Ericksen (1953),
but they are best developed in lower Rio Ica valley in
corridors between yardang fields on wind-swept and
wind-modified terraces. This valley location has daily
alternation between intense sea breeze and more subdued
land breeze; resulting effective transfer of sediment not
known but probably slightly landward. Sand streamers
probably among most stable eolian bedforms

Sand of sand sheets—Locally drifting, sparsely vegetated
in places. Sand sheets multilobate, occur in bands of 5 to
15 subparallel straight sheets 10 to 20 km long, 0.1 to 10
km wide, but no more than 20 cm thick (fig. 13); locally,
many pebbles and rocks on desert floor protrude through
sheets. Found near coast where garuas are frequent, but
are independent of coastal ergs. Sand sheets located in
south-central Peru west of Rio Ica and in western
Sechura Desert. Source areas are deflated surfaces
nearby. Several episodes of sand advance indicated by
overlapping sand lobes; younger, overlying lobes lighter
in tone. Sand budget of young sheets positive; that of old
sheets stabilized by loma vegetation in a steady state, but
sheets may lose sand to downwind desert surfaces at all
times. Time of reconstitution not known

wasting and avalanching down steep valley slopes to
ephemeral-stream channels below, transported down-
stream by occasional flash floods, and carried up coast by
longshore drift. Therefore sand budget of each erg
probably negative

OTHER EOLIUM
Mineralogically immature sand (Holocene)— divided into:
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b Barchan sand—Ranges from quartz arenite to lithic arenite
(Potter, 1986). Forms giant compound barchans as wide
as 1 km, tens of meters to more than 100 m high, such as
Pur-Pur Dune 30 km south of Trujillo (fig. 7). Giant
compound barchans commonly topped by smaller second-
ary barchans. Trains of smaller, simple barchans calve off
horns and extend many primary-barchan widths down-
wind. Fields of giant barchans form in shallow depressions
in western part of Sechura Desert. Advance of giant
barchans very slow (about 1 m/yr) because of large sand
volume (Simons and Ericksen, 1953). All giant barchans
undergoing deflation: Pur-Pur Dune cut off from its
source area since prehistoric time by irrigation in valley of
Rio Vird; other giant barchans supplied with sand from
ocean beaches and upwind deflation surfaces only epi-
sodically. During El Nifio downpours, wave erosion
severely degrades barchans standingin depressions inundated
by flood water from nearby ephemeral watercourses.
Faster moving, calving barchans also excavate sand from
primary barchans. Thus sand budget of each giant
barchan is negative

Figure 12. Sand streamers. Alternating light and dark ripples are several meters wide; overlying transverse
ripples are a few centimeters high. These streamers are on a terrace within a field of yardangs, some of

~12®
which are visible in distance.

Contact

Dune trains—Schematic; primarily barchans; movement in-
land from coast

Yardang or yardang field—Includes some sand streamers

Boundary of furrowed area HUAMANRAZO
N 5278 m
Pan American Highway / P
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Figure 11. Lomas on marine terrace 200 m above sea level. Lomas are as
much as 400 m high and 6 km long. North at top. Vertical aerial
photographs 1052, 1054, and 1056, Servicio Aerofotografico Nacional.
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) | Figure 13. Multilobate sand sheet. Individual lobes are
® several kilometers wide and tens of kilometers long.
c_gz 4 North at top. Vertical aerial photographs 22059,

Figure5. Synoptic view of Ica Erg Complex, showing typical platform ergs and fields of yardangs; yardangs /73/ < A 22061, and 23306, Servicio Aerofotografico Nacional.
are concentrated on both sides of lower Rio Ica valley at right. North at top. (Photograph 42008, taken \_s® / / il S
by hand-held camera of Earth Observation Experiment, Shuttle Mission STS 41-G, October 1984, N G'«“/’c{al"pe /‘“’5‘\' VA
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Figure 6. Typical mountain ergs. Cerro Copara in foreground is 700 m high; Cerro Blanco in background is
400 m high. View is north.
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