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Fluvial history of the Rio Ilave valley, Peru, and its
relationship to climate and human history
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8 Abstract
9
10 Fluvial strata and landforms in the Rio Ilave valley (Peru) document a history of Holocene aggradation and
11 downcutting that is correlative with regional climatic events and provides an environmental context for human
12 occupation of the river valley. Periods of aggradation correspond to periods of high (or rising) level in Lake Titicaca
13 and elsewhere on the Altiplano, and increased sediment accumulation in the Rio Ilave valley. Downcutting episodes
14 correspond to periods of low level in Lake Titicaca and low or rapidly decreasing sedimentation rates in the Ilave
15 delta. There are five terrace tracts (T1 through T5) present in this southwestern Lake Titicaca tributary. These tracts
16 occur as both paired and unpaired terraces and have average heights from 1.4 to 24.3 m above the valley floor. The
17 major part of the fluvial sequence was deposited during the time period from prior to the Last Glacial Maximum until
18 about 8300 calendar years Before Present (cal BP) ^ a period of generally high (but variable) precipitation on the
19 Altiplano and high water level in Lake Titicaca. Initial deposition (aggradation) was followed by successive
20 downcutting to the T4 and T3 terrace surfaces. Initial downcutting began immediately after precipitation, runoff, and
21 sediment load decreased while base level dropped. It was followed by a period of episodic equilibrium and minor
22 downcutting that included a prolonged period of soil formation between V8350 and 6780 cal BP. The major pulses of
23 downcutting likely occurred between V6000 and 4500 cal BP and were coincident with periods of decreased
24 precipitation on the Altiplano and decreasing levels of Lake Titicaca. Two final periods of infilling, resulting in
25 deposition of the T2 and T1 terrace sediments V4000 to 2500 cal BP and V2000 to 1600 cal BP (during periods of
26 rising water level in Lake Titicaca, lacustrine sedimentation in the Rio Desaguadero valley, and increased
27 sedimentation offshore the Ilave delta), were separated by brief equilibrium stages and a brief downcutting event. This
28 fluvial history, when coupled with regional paleoclimatic data, relates to the region’s preceramic through Tiwanaku-
29 period archeological records. Archeological evidence indicates that humans occupied the Ilave valley as early as 10 000
30 cal BP. The higher terraces (T3, T4 and T5) were occupied for at least 5000 years, but humans did not utilize the
31 lower terraces (T1 and T2) until after V4400^3700 cal BP. Our results confirm that these lower terraces would not
32 have been available for either occupation or agriculture until after V4000 cal BP.
33 < 2003 Published by Elsevier Science B.V.
34
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37 1. Introduction

38 Humans entered the Titicaca basin by 10 000
39 cal BP (Aldenderfer and Klink, 1996; Aldender-
40 fer, 1998a; Klink, in press) and by the eve of the
41 Spanish conquest, the basin was the scene of one
42 of the densest populations in the Andean world.
43 Even though the close dependence of agropastoral
44 return on the state of climate and the natural
45 environment is a constant reality of the human
46 occupation of the Altiplano, during the past and
47 into the foreseeable future, the role of climatic
48 variation in the cultural evolution of the Titicaca
49 basin is poorly understood. For example,
50 although it has been suggested that the collapse
51 of Tiwanaku after AD 1000 was associated with
52 long-term drought (Ortlo¡ and Kolata, 1993;
53 Binford et al., 1997), we know little about how
54 climate a¡ected certain critical processes in prehis-
55 tory such as the domestication of indigenous
56 plants and animals. How populations grew and
57 thrived in a harsh and apparently unpredictable
58 climate is a major research issue in the anthropo-
59 logical study of highland peoples in general and in
60 the Titicaca basin in particular. How the land-
61 scapes occupied by those people changed in re-
62 sponse to climate forcing and how these changes
63 may have a¡ected the human occupants of the
64 landscape are the major foci of this paper.
65 Because riparian resources formed the basis for
66 the subsistence economy of the early inhabitants
67 of the basin, the £uvial history of watersheds is
68 particularly important. It has been claimed that
69 humans are the major modi¢ers of the landscape
70 in the Lake Titicaca basin (e.g. Erickson, 1999,
71 2000), but in the Rio Ilave valley human altera-
72 tions are small (agricultural enhancement of soil
73 erosion, for example) in comparison to natural
74 landscape evolution. In most of the watersheds
75 of the Lake Titicaca basin (Fig. 1), landscape evo-
76 lution is primarily controlled by £uvial processes.
77 The £uvial data presented here allow us to begin
78 to examine systematically the question of how
79 Holocene climate variability a¡ects the landscape
80 and how landscape variability a¡ects human ac-

81tivities. We are at an advantage in this region,
82relative to many traditional £uvial geomorphic
83studies, because we know the history of both cli-
84mate and base level (the level of Lake Titicaca).
85Middle Holocene precipitation on the Altiplano
86was perhaps 40% less than modern (Cross et al.,
872001). This aridity caused the level of Lake Titi-
88caca to drop as low as 85 m below its present level
89(Seltzer et al., 1998; Cross et al., 2000). The arid-
90ity was enduring, but punctuated by millennially
91paced wetter periods (Baker et al., 2001b). As
92summertime insolation increased throughout the
93southern tropics, Early Holocene aridity gave
94way to generally wetter conditions starting after
955000 cal BP. The Late Holocene, wet ‘climatic
96optimum’ of the Altiplano was also marked by
97millennially paced wetter periods (Rigsby et al.,
982000; Baker et al., 2001b; Rigsby et al., 2001),
99the most recent of which coincided with the Little
100Ice Age of the northern high latitudes (Thompson
101et al., 1986).
102Although it is generally agreed that climate is
103important in the evolution of £uvial systems (Por-
104ter et al., 1992; Brigdland, 2000, and many
105others), much controversy exists as to how
106much, and on what time-scales, it is important.
107While Vandenberghe (1995) suggests that climate
108is most signi¢cant on orbital time-scales, studies
109by Nanson (1968) and Erskin and Warner (1988)
110caution against regarding short-term climate
111changes as minor in relation to orbital-scale
112changes. Most workers do agree that major
113changes in the £uvial environment occur during
114times of climatic transition (e.g. Knox, 1972;
115Rose and Boardman, 1983; Bull, 1991; Vanden-
116berghe, 1995; Brigdland, 2000; Reneau, 2000).
117And, it has been suggested that the main climatic
118control on river systems is discharge variability
119(Schumm, 1993; Miall, 1996; Jones et al., 2001).
120In systems with minimal vegetation (and, typi-
121cally, low sediment cohesion), such as the Ilave,
122increases in runo¡ lead to increases in sediment
123load, delivery of large amounts of sediment to
124either the local or the absolute base level, and
125to valley aggradation (e.g. Rose et al., 1980;
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126 Rose and Boardman, 1983; Bull, 1991; Sugai,
127 1993; Allen and Breshears, 1998).
128 Because the Rio Ilave drains the Cordillera Oc-
129 cidental ^ an active volcanic arc ^ a large portion
130 of the source sediment is composed of easily
131 eroded pyroclastic deposits. But, although Late
132 Pleistocene glaciation in the Cordillera Occidental
133 accelerated the supply of these pyroclastic sedi-
134 ments to £uvial systems and to Lake Titicaca
135 (Baker et al., 2001b; Seltzer et al., 2002), active
136 volcanism has played no other discernible role in
137 Holocene £uvial evolution of the basin. The
138 youngest macroscopic ash found in Lake Titicaca
139 cores dates at 27 000 cal yr BP (Baker et al.,
140 2001b). Also, there was apparently no time in
141 the Holocene when the vegetative cover in the
142 basin was so great that sediment cohesion would
143 have been dramatically altered (Paduano et al.,
144 2002). The relative unimportance of these compli-
145 cating factors simpli¢es the task of trying to de-
146 duce the most important relationships among the
147 histories of precipitation, base level (Lake Titicaca
148 level), and £uvial aggradation vs. incision in the
149 Ilave valley.

150 2. Geomorphic and climatic setting

151 Lake Titicaca (Fig. 1), at an elevation of 3810
152 m, is the highest large lake in the world and the
153 largest lake of South America. The lake occupies
154 an endorheic basin that extends from about 14‡ to
155 17‡S and from about 68‡ to 71‡W. This basin, the
156 northern part of the Bolivian and Peruvian Alti-
157 plano, is bordered by the Cordillera Occidental to
158 the west, the Cordillera Oriental to the east, and
159 the Cordillera Vilcanota to the north. The south-
160 ern limit of the basin is lower, and the lake over-
161 £ows periodically (depending on lake level) into
162 the Rio Desaguadero that discharges into the
163 large, shallow, saline Lago Poopo, and the pres-
164 ently dry salars (salt £ats) of Coipasa and Uyuni.
165 The Rio Ilave is one of the ¢ve major tributaries
166 to Lake Titicaca; in order of decreasing discharge
167 these tributaries are the Ramis, Ilave, Coata,
168 Huancane, and Suchez.
169 The northern Altiplano has a cold, semi-arid
170 climate. Average annual precipitation in the

171Lake Titicaca watershed is about 800 mm. Precip-
172itation is strongly seasonal with approximately 3/4
173of the annual precipitation falling in a four-month
174period from December through March. The an-
175nual cycle of precipitation on the Altiplano is
176highly correlated with the annual cycle of deep
177convection that develops over most of tropical
178South America during the austral summer (Acei-
179tuno and Montecinos, 1993; Aceituno, 1996). The
180Paci¢c coastal temperature inversion, aided by the
181relatively steep lapse rate and the Andean oro-
182graphic barrier, precludes signi¢cant moisture
183£ux from this source (Garreaud, 1999). Modern
184instrumental records illustrate the rapid response
185of £uvial discharge in the Titicaca basin to the
186summer season precipitation peak, and the rapid
187response of lake level (base level) to summer dis-
188charge peaks (Fig. 2). Changes in lake level are
189clearly related to seasonal as well as interannual
190precipitation variability.
191Intraseasonal to interannual precipitation vari-
192ability on the Altiplano is attributable to a num-
193ber of di¡erent atmospheric circulation patterns
194(Lenters and Cook, 1997, 1999). Because the po-
195sition and intensity of the Bolivian high control
196£ow throughout much of the height of the tropo-
197sphere from the Andean crest upward, they also

11Fig. 1. Map of the Lake Titicaca basin showing the Rio
2Ilave and other major drainages.
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198 control the advection of moisture onto the Alti-
199 plano from the Amazon basin. Aceituno and
200 Montecitos (1993) demonstrated that the Bolivian
201 high is shifted southward, and easterly moisture
202 £ux is enhanced, during wet intraseasonal events
203 on the Altiplano. Modern statistical (Vuille et al.,
204 2000) and synoptic (e.g. Lenters and Cook 1999;
205 Garreaud and Aceituno, 2001; Garreaud et al.,
206 2002) climatological studies have repeatedly dem-
207 onstrated the importance of similar controls on
208 interannual precipitation variability in the central
209 Andes that are well correlated with El Nin‹o
210 Southern Oscillation (ENSO) variability. This
211 ENSO-related interannual precipitation variabili-
212 ty clearly a¡ects riverine discharge and lake level
213 (Fig. 2) ; it also in£uences modern agricultural
214 yields on the Altiplano (Orlove et al., 2000).
215 There has been little study of the nature and
216 origin of precipitation variability on the Altiplano
217 on decadal to millennial time-scales, yet such var-
218 iability must play an important role in the £uvial
219 and landscape processes. Two archives of climate
220 information that are relevant to this issue are the
221 Quelccaya ice core (Thompson et al., 1986) and
222 the lake level history of Lake Titicaca, measured
223 at Puno, Peru, since 1914 (Servicio Nacional de
224 Meterologia y Hydrologia del Peru). The annual

225rise of water level in Lake Titicaca is well corre-
226lated with the wet season (and annual) precipita-
227tion amount on the northern Altiplano (Fig. 3).
228Moreover, Melice and Roucou (1998) showed
229that N18Oice from the Quelccaya ice cap (Thomp-
230son et al., 1986) is inversely correlated with annu-
231al lake level rise in Lake Titicaca, hence the ice
232core isotopic composition can itself be used as a
233proxy for regional precipitation (Fig. 4). Melice
234and Roucou (1998) also demonstrated in the
235Quelccaya record that there is a statistically sig-

11Fig. 3. Annual rise of lake level (October^April) is correlated
2with the instrumental record of annual precipitation within
3the northern Altiplano (normalized rainfall departures from
420 stations in the Lake Titicaca watershed): lake level rise is
5a good measure of precipitation integrated throughout the
6basin. ENSO and quasi-decadal £uctuations of lake level are
7evident.

19
30

19
31

19
32

19
33

19
34

19
35

19
36

19
37

19
38

19
39

19
40

11 Fig. 2. The level of Lake Titicaca has been recorded at
2 Puno, Peru, since 1914. The highly seasonal nature of the
3 rainfall on the Altiplano causes increased input to the lake
4 (as illustrated by the Ilave discharge) and a sharp lake level
5 rise near the end of the wet season. This rise is followed by
6 a slower, evaporation-driven, fall of lake level spread over
7 the remainder of the year and, at high lake stages, discharge
8 via the Rio Desaguadero.

11Fig. 4. There is a signi¢cant correlation between the N
18Oice

2from Quelccaya and annual lake level rise (r2 = 0.2424,
3n=69, signi¢cant at the 99% con¢dence level), a less signi¢-
4cant correlation between layer thickness at Quelccaya and
5lake level rise (r2 = 0.1558, n=69), and no signi¢cant correla-
6tion between N

18Oice and layer thickness for the period 1500^
71984 (r2 = 0.0125, n=485). Thus, N18Oice is an excellent proxy
8for past precipitation; ice layer thickness is not.
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236 ni¢cant, large amplitude, persistent variance with
237 a period of about 13 years. We believe that this
238 apparent quasi-decadal variability of precipitation
239 on the northern Altiplano is related to the quasi-
240 decadal variability of northern equatorial Atlantic
241 sea surface temperature (Fig. 5; see also Nobre
242 and Shukla, 1996, their ¢g. 14)
243 Millennial-scale precipitation variability on the
244 Altiplano is documented throughout the Holo-
245 cene by the Sajama ice core (Thompson et al.,
246 1998; Fig. 6) and Lake Titicaca sediment cores
247 (Baker et al., 2001b). Baker et al. (2001b) pro-
248 posed that these millennial events are linked in
249 time and, perhaps by forcing mechanism, to the
250 ‘Bond events’ of the North Atlantic (Bond et al.,
251 1997; DeMenocal et al., 2000; Bond et al., 2001).
252 Insolation control by the precessional cycle has
253 a major impact on the intensity of the South
254 American Summer Monsoon (SASM; Zhou and
255 Lau, 1998) and on the summertime precipitation
256 amount on the Altiplano. The last two maxima of
257 summertime insolation over tropical South Amer-
258 ica were at V21 000 cal yr BP and at present
259 (Berger and Loutre, 1991). Response to this or-
260 bital variability is evident in sediments from Lake
261 Titicaca and the Salar de Uyuni. Lake Titicaca
262 was very fresh and over£owing at 21 000 cal yr
263 BP and is fresh and (barely) over£owing today,
264 but in the Early and Middle Holocene, the lake
265 level fell to 85 m below its outlet (Seltzer et al.,
266 1998). In the Salar de Uyuni the insolation max-

267ima are coincident with thick accumulations of
268lacustrine muds. However, the presence of lakes
269during periods of low insolation (e.g. 30 000 yr
270BP; Baker et al., 2001a), coincident with Heinrich
271events and cold temperatures in the North Atlan-
272tic, suggests that the pattern of cold North Atlan-
273tic/wet Altiplano observed in the Holocene record
274also is found in earlier portions of the record.
275Tributaries to Lake Titicaca must respond to
276these quasi-decadal, multi-decadal, millennial,
277and orbital variations in precipitation, recording
278their responses in the sediments of the terraced
279river valleys. In the Rio Ilave valley, sediments
280preserved in terraces and modern cutbanks docu-
281ment a history of aggradation and downcutting
282that we attribute to regional Holocene climate
283change. Speci¢cally, as the data reported here
284show, periods of aggradation are correlative
285with periods of increased precipitation (and rapid
286rise of Lake Titicaca) and periods of downcutting
287are correlative with periods of decreased precipi-
288tation (and falls or standstills of Lake Titicaca).

2893. Methods

290Our analysis of terraced, Holocene-age £uvial
291sequences in the Rio Ilave valley and our inter-
292pretations of their climatic causes and possible
293human responses are based on archeological and
294climatological data sets and on detailed examina-

11Fig. 6. N
18Oice in the Sajama ice cap (Thompson et al.,

21998), three-point moving average of presumed 50-yr inter-
3vals. Millennial events of 1^1.5x amplitude are persistent
4throughout the Holocene. The arrows highlight the millennial
5cold SST events deduced from sediment cores o¡shore West
6Africa (DeMenocal et al., 2000) and synchronous with the
7‘Bond events’ of the subpolar North Atlantic (Bond et al.,
82001). Baker et al. (2001b) hypothesized that tropical Atlan-
9tic meridional SST gradients force millennial wet^dry cycles
10in the Lake Titicaca watershed.

11 Fig. 5. Time series of annual rise of level of Lake Titicaca
2 compared with the time series of DJFM Sea Surface Temper-
3 ature (SST) anomaly for the northern equatorial Atlantic
4 (7.5‡ to 22.5‡N, 2.5‡E to 37.5‡W; SST anomaly data from
5 Kaplan et al., 1997). Colder SSTs in the northern equatorial
6 Atlantic correlate with wet conditions in much of Amazonia
7 (Nobre and Shukla, 1996) and in the northern Altiplano.
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295 tion of the geomorphic and sedimentologic char-
296 acter of the river basin. Terrace and modern cut-
297 bank exposures were mapped and measured using
298 standard techniques for sedimentological facies
299 analysis (such as those outlined by Miall, 1996;
300 Reading, 1996). Emphasis was placed on identi¢-
301 cation and description of lateral and vertical fa-
302 cies changes (facies architecture) utilizing varia-
303 tions in grain size, sedimentary structures, bed
304 morphology, and contacts. Sediments comprising
305 the terraces were described in detail, key eleva-
306 tions and a longitudinal pro¢le surveyed, terraces
307 pro¢les constructed (with the aid of a total station
308 and Global Positioning System (GPS) equip-
309 ment), and datable organic material sampled.
310 Well-preserved, datable organic material is
311 scarce in these strata. Where present it consists
312 of small amounts of disseminated organic detritus
313 (woody material and charcoal) within the slightly
314 sandy mud lithofacies. These samples were sub-
315 jected to radiocarbon analysis at the National
316 Ocean Sciences Accelerated Mass Spectrometer
317 Facility, Woods Hole Oceanographic Institute.
318 The CU-Boulder INSTAAR Laboratory for
319 AMS Radiocarbon Preparation and Research
320 performed all the preparations. CALIB 4.3
321 (Stuiver and Braziunas, 1993; Stuiver et al.,
322 1998a,b) was used to convert the radiocarbon

323ages to calibrated years Before Present (cal BP).
324Discussion in the text focuses on the 2c calibrated
325ages; both calibrated and uncalibrated ages for all
326samples used in this study are presented in Table
3271.
328These sedimentologic techniques allow us to
329di¡erentiate among the major £uvial depositional
330environments preserved in the terrace sediments,
331to identify smaller-scale environments (such as
332channel, point bar, crevasse splay, wetland, and
333£oodplain) in some locations, and to use these
334distinctions to make interpretations about the im-
335pact of Holocene precipitation variability on the
336£uvial processes in the Ilave valley. We broaden
337the context of these environmental changes by
338comparing the £uvial data with archeological
339data from survey and excavation projects in the
340Ilave and Huenque drainages (Aldenderfer and
341Klink, 1996; Klink and Aldenderfer, 1996; Al-
342denderfer and de la Vega, 1997; Klink, in press)
343and with climate and lake level (base level) data
344from Lake Titicaca (Baker et al., 2001b).

3454. Terrace sediments

346Sediments that comprise the Rio Ilave terraces
347are £uvial silts, sands, and gravels that occur in

Table 1
Sample numbers, location names, terrace numbers, and radiocarbon and calibrated ages for all the samples used in this study

Sample number Laboratory number Location name Terrace number Radiocarbon age Calibrated age1
(yr BP) (yr BP)2

HS-2 CURL-5464 Quinafaja T1 1660S 35 1673S 393
HS-1 CURL-5462 Quinafaja T2 2560S 40 2577S 934
HS-3 CURL-5465 Quinafaja T2 3440S 50 3702S 1295
RC1-b CURL-5457 Rio Uncallane T2 2460S 35 ^6
CH-3 CURL-5460 Chingani T3 33 000S 27 ^7
HS2-1 CURL-5461 Quinafaja T3 29 000S 180 ^8
QP2-1 CURL-5466 Quebrada Pucara T3 21 700S 200 ^9
QP2-2 CURL-5467 Quebrada Pucara T3 13 040S 70 15 420S 73510
QP2-3 CURL-5468 Quebrada Pucara T3 26 980S 170 ^11
Toto 2 CURL-5456 Totorani T4 7350S 50 8837S 20612
Toto 3 CURL-5455 Totorani T4 8020S 75 8020S 7513
Toto 5 OS-27588 Totorani T4 5980S 40 6808S 8614
Toto 5 OS-27587 Totorani T4 5930S 40 6735S 7015
Toto 5a OS-27590 Totorani T4 6080S 45 6938S 5416
Toto 5a OS-27589 Totorani T4 5980S 45 6813S 9617
Toto 6 OS-27591 Totorani T4 7400S 45 8262S 9418
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348 three distinct facies associations (FAs): gravelly
349 braided river deposits, sandy braided river depos-
350 its, and meandering river deposits. Braided river
351 deposits are more abundant than meandering riv-
352 er deposits, occurring throughout the upper and
353 central reaches of the river valley. Meandering
354 river deposits are con¢ned to the lower reaches
355 of the river valley, in the areas downstream of
356 Totorani (Fig. 7). The lithofacies that constitute
357 these FAs (Table 2) were classi¢ed on the basis of
358 grain size, sedimentary structures, biological com-
359 ponents, and stratigraphic position, following the
360 procedures of Miall (1996, 1983) and Rust (1978).
361 The lateral and vertical distribution of lithofacies,

362along with groupings of their characteristics,
363formed the basis for the FA de¢nitions (Table
3643). Descriptions of the FAs and their character-
365istic lithofacies, as well as interpretations of the
366depositional environments, are presented below
367and illustrated in Figs. 8 and 9.

3684.1. Gravelly braided river deposits (FA-1)

369Gravelly braided river deposits occur only in
370the terraces of the Rio Uncallane tributary and
371the lowest (oldest) strata in terraces along the
372central stretch of the Ilave (between the Rio Un-
373callane and the Rio Huenque; Fig. 7). This FA,

Table 2
Summary of lithofacies used in this study

Facies
code

Description Sedimentary structures Interpretation
2
1

Gm Gravel, matrix-supported Crude horizontal bedding Channel ¢ll ; bar3
Gmsh Gravel clast-supported Horizontal bedding, commonly imbrications Channel ¢ll ; bar4
Gp Gravel, transitional between clast and

matrix supported
Planar cross-bedding Channel ¢ll ; bar

6
5

Gt Gravel, clast-supported Trough cross-bedding Channel ¢ll ; bar7
Sh Sand, very ¢ne to very coarse Horizontal bedding Channel ¢ll ; bar8
Sp Sand, ¢ne to coarse, locally pebbly Planar cross-bedding Channel ¢ll ; bar9
Spw Sand, medium to silty sand Planar, wavy, ripple, to climbing ripple

laminations
Point bar; levee

11
10

Smg Sand, ¢ne to very coarse, locally
dispersed pebbles and mud rip-ups

Massive Channel ¢ll ; bar
13
12

St Sand medium to very coarse, locally
pebbly

Trough cross-bedding Channel ¢ll ; bar
15
14

Fm Mud Massive Channel ¢ll ; bar16
Fml Mud Massive or planar laminations Overbank and/or £oodplain;

inactive channel18
17

Fprw Silt, mud, clay; common clay drapes Planar, wavy, ripple, or climbing ripple
laminations; convolute bedding

Levee and/or crevasse splay;
overbank and/or £oodplain20

19

Fsm Silt Massive or planar laminations Overbank and/or £oodplain;
inactive channel22

21

Table 3
Description, dominant lithofacies, and depositional environment of the FAs preserved in terrace exposures of the Rio Ilave

Facies as-
sociation

Dominant or
characteristic lithofacies

Description Depositional
environment2

1

FA-1 Gm, Gt, Gp, Smg, Sp,
Fm

Crudely bedded, ¢ning- and coarsening-upward sequences of cross-
bedded and laminated gravels with minor sand and mud

Gravelly braided
stream deposits4

3

FA-2 Gnsm, Gm, Smg, St, Sh,
Sp, Spw, Fsm, Fml

Complexly cross-bedded, ¢ning-upward sequences of coarse sand with
local gravel and minor mud

Sandy braided
stream deposits6

5

FA-3 Fml, Fprw, Fsm, Spw,
Smg

Planar laminated to cross-laminated to massive muds, silts, and sands
in thick ¢ning-upward sequences

Meandering stream
deposits8

7
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374 which includes the coarsest grained strata present
375 in the Rio Ilave terraces, is characterized by
376 crudely bedded, ¢ning- and coarsening-upward
377 sequences of gravel, with minor amounts of
378 sand and mud (Fig. 8A).

379 4.1.1. Description of lithofacies
380 Fine-grained lithofacies are rare in FA-1. The
381 only ¢ne-grained lithofacies present in FA-1, lith-
382 ofacies Fm (massive mud), occurs as rare, thin
383 (s 0.25 m) beds interspersed between the thick
384 sand and gravel lithofacies. Sandy lithofacies in
385 FA-1 include planar cross-bedded, medium to
386 very coarse sand (Sp) and massive pebbly sand
387 (Smg).
388 Three coarse-grained lithofacies dominate FA-
389 1: lithofacies Gm, Gt, and Gp. Lithofacies Gm is
390 horizontally bedded, clast-supported, and locally
391 imbricated coarse gravel and gravelly sand. Clast
392 size ranges from pebble to boulder, with cobble-
393 size clasts dominant. Lithofacies Gt and Gp con-
394 sist of trough and planar cross-bedded gravel, re-
395 spectively. Lithofacies Gt is a clast-supported cob-
396 ble to boulder conglomerate. Lithofacies Gp is
397 transitional from clast- to matrix-supported and
398 generally ¢ner grained (containing mainly cobble-
399 and pebble-size clasts) with varying amounts of
400 sand-size matrix material. These gravel lithofacies
401 occur as 1^1.5-m-thick stacked gravel beds or as
402 0.5^2.5-m-thick, sharp-based units that ¢ne up-
403 ward and are capped by thin (s 0.3 m) beds of
404 lithofacies Smg or Sp.

405 4.1.2. Interpretation
406 A gravelly braided river, similar to the braided
407 stretches of the modern Rios Ilave and Uncallane,
408 deposited FA-1. Evidence supporting this inter-
409 pretation includes the abundance of coarse-
410 grained sediment, the presence of complexly inter-
411 bedded coarse-grained sediments, the interbedded
412 ¢ning- and coarsening-upward sequences, and the
413 scarcity of ¢ne-grained lithofacies. This FA pre-
414 serves complexly intercalated bar and channel se-
415 quences such as those present in the proximal-
416 and mid-reaches of modern gravelly braided rivers
417 (Reineck and Singh, 1980; Miall 1987).
418 Braiding results from large and rapid £uctua-
419 tions in river discharge, abundance of coarse sedi-

420ments, high rates of sediment supply, and easily
421eroded banks (Shelton and Noble, 1974; Cant
422and Walker, 1978; Cant, 1982). Under such con-
423ditions, the stream channel is rapidly choked with
424coarse bedload. Rapid decreases in velocity cause
425instantaneous deposition, consequently sediments
426are poorly sorted and the most common litho-
427facies are channel gravels and low relief bar de-
428posits (Gm, Gp, Gt, and Sp). Such deposits dom-
429inate both paraglacial and non-glacially
430in£uenced braided systems (Smith, 1974; Boot-
431hroyd and Ashley, 1975; Rust, 1978; Smith,
4321978).

4334.2. Sandy braided river deposits (FA-2)

434Sandy braided river deposits of FA-2 are com-
435mon in the central reaches of the Rio Ilave valley,
436especially in the Rio Aguas Calientes and Totor-
437ani reaches (Figs. 7 and 8B). Stacked, complexly
438cross-strati¢ed, ¢ning-upward, lapillaceous sands
439and gravelly sands with thin interbeds of silt and
440mud characterize these strata. FA-2 is distin-
441guished from FA-1 by an overall lack of gravel,
442the dominance of sandy distinct, ¢ning-upward
443sequences, and the common occurrence of inter-
444bedded muds.

4454.2.1. Description of lithofacies
446Sandy lithofacies dominate FA-2. Lithofacies
447Smg (massive gravelly sand), St (trough cross-
448bedded coarse to gravelly sand), Sp (planar
449cross-bedded very coarse to medium sand), and
450Sh (horizontally strati¢ed coarse to ¢ne sand) oc-
451cur in 0.5^3-m-thick, ¢ning-upward sequences.
452Lithofacies St is the most abundant sandy litho-
453facies in the FA. The sandy sequences are locally
454interbedded with thin (0.2^0.8 m) beds of parallel
455to ripple-laminated silt and silty sand (Spw and
456Fsm) and massive to laminated silt and mud (Fm
457and Fml). Gravel lithofacies are rare in these stra-
458ta. Lithofacies Gmsh and Gm occur locally at the
459base of sandy ¢ning-upward units, but thick grav-
460el beds are not present. Individual gravelly and
461cross-bedded sand beds of this FA can be traced
462laterally throughout much of the central portion
463of the study area.
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Fig. 8. Typical measured stratigraphic sections from the Rio Ilave terrace exposures. (A) Gravelly braided river strata; composite section from the Rio Uncallane.
(B) Sandy braided river strata; composite section from the Totorani area. (C) Meandering river strata; composite section from the Huancumiri^Quinafaja area. Ar-
rows show direction of ¢ning. See Fig. 10 for locations and Table 2 for lithofacies descriptions.
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464 4.2.2. Interpretation
465 FA-2 was deposited by a sandy braided river.
466 Fining-upward sequences are common in sandy
467 braided systems. Fining-upward sequences such
468 as the ones preserved in this FA generally result
469 from sedimentation in braided channels (Miall,
470 1982; Reineck and Singh, 1980). They also result
471 from waning £ow over bars and channels as the
472 result of accretion during active channel migra-
473 tion (Davis, 1983; Kraus, 1984). Such sequences
474 suggest cycles of £uctuating energy regimes. They
475 may record individual £ood cycles (Darby et al.,
476 1990) and are probably related to annual to mil-
477 lennial-scale £uctuations of precipitation. Individ-
478 ual coarse units (Gm, Gmsh, Smg) are channel
479 deposits (Miall, 1982). Pebble stringers and chan-
480 nelized gravels more likely represent lags on scour
481 surfaces (Reading, 1996).

482 4.3. Meandering river deposits (FA-3)

483 Meandering river strata (FA-3) are abundant in
484 the Rio Ilave terraces. They are present in all of
485 the terrace exposures downstream of Huarca (Fig.
486 7). This FA is characterized by 0.5^6.0-m-thick
487 sedimentary packages dominated by distinct ¢n-
488 ing-upward sequences of volcanigenic sands and
489 tu¡aceous siltstones and mudstones, thick sequen-
490 ces of interbedded silt and mud, and local lenses
491 of sandy gravel, silt, and mud (Fig. 8B). FA-3
492 occurs both above and laterally adjacent to (grad-
493 ing from) FA-2. It is distinguished from FA-1 and
494 FA-2 by a lack of gravel and the presence of thick
495 sequences of silt and mud.

496 4.3.1. Description of lithofacies
497 The lithofacies that comprise FA-3 are Fml,
498 Fprw, Fsm, Spw, and Smg. The sandy lithofacies
499 occur at the bases of ¢ning-upward sequences.
500 Lithofacies Smg, a massive sand with locally dis-
501 persed pebbles and mud rip-up clasts, commonly
502 exhibits an erosive base and typically grades up-
503 ward into planar- to wavy- to cross-laminated
504 silty sand (Spw). Lithofacies Fsm consists of mas-
505 sive to laminated silt and silty clay in beds rang-
506 ing from a few centimeters to 0.5 m in thickness.
507 It occurs as individual ¢ning-upward sequences
508 and as interbeds within ¢ner grained strata. Lith-

509ofacies Fml, massive to planar-laminated mud,
510occurs within ¢ning-upward sequences, typically
511overlying lithofacies Spw. Lithofacies Fprw is
512characterized as a planar- to wavy-laminated silt
513to silty clay to clay, with common mud drapes
514and soft-sediment deformation features. It occurs
515locally atop ¢ning-upward sequences and, in the
516Huancumiri section (Figs. 7 and 8C), as a thick
517sequence of thinly bedded and complexly lami-
518nated, rippled, and climbing rippled very ¢ne
519sand, silt, and mud.

5204.3.2. Interpretation
521FA-3 records deposition in a meandering river.
522This FA is dominated by thick (approximately 0.4
523to s 5 m) overbank or £oodplain deposits (litho-
524facies Fsm, Fml, Fmp, Fpwr) that rest above ¢n-
525ing-upward channel and point bar deposits (Smg,
526Spw, Fsm). Evidence for the meandering river in-
527terpretation includes the absence of interbedded
528channel and bar lithofacies, the overall ¢ne-
529grained nature of the strata, and the presence of
530thick overbank deposits and ¢ning-upward se-
531quences. Similar ¢ning-upward meandering river
532strata have been documented in Holocene terrace
533(Baucom and Rigsby, 1999) and subsurface (Roll-
534ins et al., 2000; Rollins, 2001) strata of the Rio
535Desaguadero valley, where they are interpreted to
536coincide with periods of increased e¡ective mois-
537ture on the Altiplano.

5385. Fluvial history

539The meandering and braided river strata of the
540Rio Ilave valley are exposed in ¢ve distinct terrace
541tracts. The terrace morphology, age, sedimentary
542characteristics, and history of formation are, as
543discussed in the following sections, intimately re-
544lated to the regional climatic (precipitation) var-
545iations.

5465.1. Terrace morphology and age

547The ¢ve terrace tracts in the Ilave valley (T1^
548T5) occur as both paired and unpaired terrace sets
549and have average heights from 1.4 m to 24.3 m
550above the modern river valley (Fig. 7). The com-
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551 plete suite of terraces is not present in all local-
552 ities, but each terrace is identi¢able by its sedi-
553 mentary characteristics and its height above the
554 modern river (Fig. 10). In general, the terraces
555 are best formed in the downstream reaches of
556 embayments. At con£uences terrace surfaces are
557 well formed in both the downstream and up-
558 stream reaches. The upper four terraces occur,
559 locally, as paired terraces. An unpaired strath ter-
560 race is present at the lowest terrace level near
561 Quinafaja, but paired strath terraces do not oc-
562 cur. Only the two lowest terraces (T1 and T2) are
563 demonstrably ¢ll terraces; the others are cut-¢ll
564 terraces (following the terminology of Bull,
565 1991). All of the terrace surfaces are actively cul-
566 tivated by modern farmers and have cultivated
567 zones up to 1 m deep.
568 The highest terraces (T3, T4, and T5) are
569 present throughout most of the study area. They
570 are composed of ash-rich £uvial strata (domi-
571 nantly lapillaceous gravels and sands, tu¡aceous
572 siltstones, and mudstones). T5, the highest terrace
573 surface at 24.3 m above river level, is highly dis-
574 sected and is present from the Rio Uncallane
575 downstream. It is most prevalent near the Rio
576 Uncallane tributary, present locally downstream
577 of Huarca, and absent in the upstream-most
578 reaches ^ where the river is marshy and has low
579 relief (see Figs. 7 and 10).
580 Terrace T4, with an average height of 15.7 m, is
581 the most persistent surface in the river valley and
582 is present in all but the upstream-most, low-gra-
583 dient, wetland-like sections. In the central part of
584 the Ilave valley, the T4 level is identi¢able as ei-
585 ther a distinct terrace or as a gravelly sand hori-
586 zon within the non-dissected stratigraphic section
587 (Fig. 8). Where the T4 terrace surface is well
588 formed, the surface is capped by either a thick
589 (up to 2 m) soil horizon or a gravel cap. Gravels
590 dissect the T4 surface to a depth that reaches 3.5

591m above the modern river (more than 3/4 of the
592V15 m terrace height) in the downstream reaches
593of the Totorani embayment. Terrace T3 is present
594in both upstream and downstream reaches, but
595absent in the central portion of the river valley
596(between Rio Aguas Calientes and Chijichaya).
597Similar to the T4 terrace, T3 is comprised of
598ash-rich £uvial sediments, is not fully formed
599(cut) in the upstream reaches (embayments) above
600bedrock constrictions, but is well formed (cut) in
601the downstream reaches. Thin gravel caps (6 2
602m) are present locally. These highest terraces are
603generally lens-shaped; they are lowest immedi-
604ately downstream of bedrock constrictions, high-
605est and broadest in embayments. Samples of or-
606ganic material from a thick soil horizon near the
607top of the T4 terrace yielded dates ranging from
6088292S 34 cal BP at the base of the soil to
6096735S 70 cal BP at the top. Samples from T3
610sediments (from beneath the level of the T3 sur-
611face and stratigraphically lower than the T4 stra-
612ta) range in age from 15 420S 735 cal BP to
613V33 000 BP (Table 1). These samples suggest
614(but do not prove) that approximately 25 m of
615sediment (most of the T3 through T5 stratigraphic
616section) was deposited in the Ilave valley since the
617Late Glacial Maximum (LGM). Almost half of
618that strata was deposited, and subsequently
619downcut, during the Holocene.
620The lowest terraces (T1 and T2) are only
621present in the upstream and downstream reaches
622of the valley, adjacent to bedrock constrictions
623and in areas of relatively low relief (Figs. 7 and
62410). Terrace T2 has an average height of 4.83 m
625and is present only near the Quinafaja bedrock
626constriction and, possibly, at Herocala (Figs. 7
627and 8). Terrace T1, the youngest surface above
628the modern channel, is the modern £oodplain ter-
629race. It is characterized by 1^1.5-m-high, distinct,
630narrow platforms on the inside of modern mean-

1
2 Fig. 9. Lithofacies characteristic of the three FAs present in the Rio Ilave terrace exposures. (A) Sandy and gravelly lithofacies
3 typical of braided stream deposits. Massive gravel (Gm), pebbly trough- and planar cross-bedded very coarse pebbly sand (St,
4 Sp), and horizonally laminated sand (Sh) are common in FA-1 (gravelly braided stream deposits). Interbeds of horizontally lami-
5 nated and trough and planar cross-bedded medium to very coarse (locally pebbly) sand are common in FA-2 (sandy braided
6 stream deposits). (B) Thick, ¢ning-upward sequences of ¢ner grained strata, such as ripple- and climbing ripple-laminated ¢ne
7 sand and mud (Spw and Fprw), massive to planar laminated silt (Fsm), laminated mud (Fml) and horizontally laminated ¢ne to
8 medium sand (Sh) are common in FA-3 (meandering stream deposits).
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631 ders. Organic material from the T2 and T1 sedi-
632 ments yielded dates of 3702S 127 to 2486S 62 cal
633 BP and 1673S 39 cal BP, respectively (Table 1).

634 5.2. History of terrace development

635 The sedimentologic and geomorphic character-
636 istics of these terraces, along with the radiocarbon
637 ages from terraces T1 through T4, allow us to
638 develop a history of terrace development for the
639 river valley (Fig. 11). Gullies that dissect the ter-
640 race suite near Quinafaja and Huacumiri expose a
641 complex 3-D geometry. The sediments underlying
642 terraces T3 through T5 are vertically continuous
643 through the three-terrace sequences and grade
644 down-gradient from gravelly braided stream de-
645 posits (FA-1) to sandy braided deposits (FA-2)
646 to meandering stream (FA-3) deposits. No evi-

647dence of major erosional events or of long-term
648hiatuses is present in the composite 3-terrace stra-
649tigraphy (Fig. 8). This suggests that the sediments
650beneath these terraces were deposited in a contin-
651uous or nearly continuous manner. Aggradation
652of such thick sequences of £uvial strata is com-
653mon in arid, rocky basins when large amounts of
654sandy sediment are introduced (Bull, 1991). If
655stream power is insu⁄cient to handle the in-
656creased sediment load, the entire river valley
657may be choked with thick piles of sediment.
658Many river systems grade downstream from
659coarse-grained to ¢ne-grained braided systems
660and, eventually, to meandering systems. The grad-
661ual downstream gradation of the sediments
662underlying the Rio Ilave terraces from gravelly
663braided river strata to meandering river strata is
664likely the result of a progressive downstream de-

11 Fig. 10. Graph showing the heights of the four upper Rio Ilave terrace tracts. Terrace height is partially controlled by proximity
2 to bedrock constrictions and tributaries.
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665 crease in sediment load. This suggests that di¡er-
666 ent reaches of the river valley ¢lled at di¡erent
667 rates depending on, for example, the length and
668 gradient of the embayment and the availability
669 and grain size of the source material. The occur-
670 rence of braided £uvial strata (FA-1 and FA-2) in
671 the more upstream reaches ^ but at the same
672 stratigraphic level as meandering strata in down-
673 stream reaches ^ is a result of the presence of
674 bedrock constrictions behind which large volumes
675 of sediment could be trapped, the di¡ering gra-
676 dients of individual embayments, and the down-
677 stream-decreasing availability of coarse-grained
678 source material.
679 The T4 and T3 surfaces represent equilibrium
680 stages during a progressive downcutting of these
681 sediments. The complex distribution and heights
682 of the T5 through T3 terraces are consistent with
683 the overall basin geometry of alternating embay-
684 ments and constrictions. As is typical of arid-re-
685 gion mountain streams (Bull, 1991), the Ilave val-
686 ley terrace heights typically decrease upstream
687 toward constrictions and the terrace widths are
688 generally broader in embayments.
689 In contrast to the compound T3^T5 terrace set,
690 terraces T1 and T2 are individual, inset, ¢ll terra-
691 ces. The T2 strata onlap the T3 terrace and the T1
692 strata onlap the T2 terrace (Fig. 11), indicating
693 that these terraces were formed during two dis-
694 tinct episodes of aggradation.

6955.3. Terrace development and climate change

696A ¢rst step toward understanding the e¡ects of
697these aggradational and downcutting phases on
698riparian biota and on the human occupants of
699the Ilave valley is to correlate the terrace history
700with the moderate-resolution records of climate
701and base level that are presently available (Baker
702et al., 2001b). Our correlation of the Ilave valley
703aggradational and degradational history with re-
704gional climatic events is illustrated in Fig. 12. The
705majority of the £uvial sequence (aggradation of
706the compound T3^T5 terraces) corresponds to a
707time of high precipitation on the Altiplano and
708rising or high water level in Lake Titicaca. The
709maximum age of this aggradation episode is not
710known, but the oldest reliable dates suggest that it
711started during the LGM wet period, was ongoing
712through the Younger Dryas wet period, and may
713have continued until V8250 cal BP. High £uvio-
714glacial runo¡ during this time resulted in in-
715creased sediment load and high sediment accumu-
716lation rates o¡shore from the Ilave delta (as
717recorded in sediments from core NE98-PC2;
718Figs. 1 and 12). With the input of large volumes
719of easily eroded volcanic-rich sediment from
720source areas in the Cordillera Occidental, contem-
721poraneous with high base level (Lake Titicaca),
722sediment load was su⁄cient to ¢ll the valley and
723choke the river system. In embayments behind
724bedrock constrictions, sediments were deposited
725to heights in excess of 25 m above the valley £oor

11 Fig. 11. Model for the aggradation and downcutting of the Rio Ilave terraces. Numbered arrows show sequence and directional-
2 ity (aggradation or downcutting) of events.
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726 (compound terraces T3^T5). This aggradation
727 was followed by the downcutting of the T4 and
728 T3 terrace tracts. As documented in other settings
729 (Bull, 1991), the shift from aggradation to down-
730 cutting was likely very rapid.
731 The initial downcutting probably began imme-
732 diately after precipitation, runo¡, sediment load
733 decreased (as seen in the Ilave delta sediment ac-
734 cumulation record; Fig. 12), and base level
735 dropped ^ probably just prior to V8000 cal BP.
736 Although the initial downcutting was likely very
737 rapid, the terraced strata document several peri-
738 ods of episodic equilibrium. The longest equilib-
739 rium phase was the prolonged period of T4 ter-
740 race erosion and soil formation (between V8250
741 and 6780 cal BP). The T4 equilibrium phase was
742 followed by the T3 downcutting episode. Down-
743 cutting to the base of T3 may have been episodic.
744 It occurred between V6000 and 4500 cal BP ^ the
745 major downcutting episodes were likely coincident
746 with periods of rapidly decreasing levels of Lake
747 Titicaca (Fig. 12) and decreased precipitation on
748 the Altiplano. The thickness of the gravel caps on

749these terraces and the thick soil at the top of the
750T4 terrace suggest that T4 had a longer equilibri-
751um period than T3. Downcutting was followed by
752two periods of in¢lling that resulted in deposition
753of the T2 and T1 terrace sediments. The T2 and
754T1 aggradational events occurred from V4000 to
7552500 cal BP and from V2200 to 1600 cal BP,
756respectively ^ during millennial periods of rising
757water levels in Lake Titicaca, lacustrine sedimen-
758tation in the Rio Desaguadero valley (Baucom
759and Rigsby, 1999; Rigsby et al., 2001) and the
760Salar de Uyuni (Baker et al., 2001a, and increased
761sedimentation o¡ the Ilave delta. They were sep-
762arated by brief equilibrium stages and brief down-
763cutting events.

7646. Discussion

765The role that climatic variation has played in
766the social and political evolution of the peoples of
767the Titicaca basin as well as the peoples across the
768Andes, has been hotly debated for more than 30

11 Fig. 12. Relationship between the Rio Ilave terrace development and changes in base level and sediment load. The benthic dia-
2 tom record from a deep-water core (NE98-2PC) in Lake Titicaca is used as a proxy for lake level (solid line). The magnetic sus-
3 ceptibility log from a core taken at the toe of the Ilave delta records detrital sediment accumulation at base level (dashed line).
4 The diamonds indicate radiocarbon dates in the £uvial sequence and the numbers correspond to the aggradational and downcut-
5 ting events illustrated in Fig. 11. Note that periods of aggradation correspond to periods of high (or rising) lake level in Lake Ti-
6 ticaca (Abbott et al., 1997; Baker et al., 2001a) and (for all but T2) the periods of increased sediment accumulation in the Ilave
7 delta. Further, each hypothesized aggradation period corresponds to a lacustrine period in the Rio Desaguadero valley (Baucom
8 and Rigsby, 1999; Rigsby et al., 2001; Rollins, 2001). Downcutting episodes, which leave behind no datable strata, are bracketed
9 in age by dates within the aggradational sequences and apparently correspond to periods of low lake level in Lake Titicaca
10 (Baker et al., 2001a), low or rapidly decreasing sedimentation rates in the Ilave delta, and £uvial activity in the Rio Desaguadero
11 valley (Baucom and Rigsby, 1999; Rollins, 2001).
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769 years. Erickson (1999, 2000), for example, argues
770 that many explanations of cultural change and
771 process in the Andes are dominated by what he
772 calls neo-environmental determinism. He is specif-
773 ically critical of the suggestion that the collapse of
774 Tiwanaku was directly caused by a long-term
775 drought (Kolata and Ortlo¡, 1996; Ortlo¡ and
776 Kolata, 1993; Binford et al., 1997). While some
777 of his interpretations of the existing paleoenviron-
778 mental record are inaccurate, his point is clear:
779 over-reliance on gross characterizations of exter-
780 nal forces, such as climatic variation, relegates
781 humans to a strictly passive role. Explanations
782 based on such forces fail to capture the creativity
783 of humans during potentially di⁄cult periods of
784 environmental change.
785 Archeological survey data argue strongly for a
786 human presence in the Titicaca basin by 10 000
787 cal BP. Small numbers of lower-elevation peoples
788 from the western Andean valleys began to use the
789 Titicaca basin during the Early Archaic (Alden-
790 derfer and Klink, 1996; Aldenderfer, 1998a;
791 Klink, in press). During most of the earliest hu-
792 man occupation (10 000^8500 BP), Lake Titicaca
793 was freshening and the lake at a highstand from
794 V9500 to 8500 cal BP (Baker et al., 2001b).
795 Although Poaceae (grasses) and Polylepis (que-
796 n‹ua) were probably present around the lake mar-
797 gin (Paduano et al., 2002) ^ suggesting the estab-
798 lishment of habitat for camelids and taruca ^ data
799 from the Ilave drainage and from the nearby Juli^
800 Pomata region suggest that the near-lake-margin
801 environments were not used extensively during
802 this period (Stanish et al., 1997, Klink and Alden-
803 derfer, 1996; Aldenderfer and Klink, 1996). In-
804 stead, the interior drainages were used extensively.
805 Residential bases were established in the moun-
806 tain valleys along the Altiplano rim, while the
807 main portions of the river valleys were likely ex-
808 plored and utilized through day-use and longer-
809 distance logistical forays.
810 Humans occupied the higher terraces of the
811 Ilave (T3, T4, and T5) for at least 5000 years
812 (prior to V4400 cal BP) (Aldenderfer and Klink,
813 1996). Excavations at Jiskairumoko (at the T5
814 level in the central Ilave valley) show that a sed-
815 entary settlement is in place at the site in the
816 Terminal Archaic (by V4200 cal BP). Popula-

817tions in the Ilave drainage increased signi¢cantly
818from the Terminal Archaic (V4500^3500 cal BP)
819to the Early Formative (3500^3000 cal BP); the
820lower Ilave terraces (T1 and T2) were not used
821extensively until after V4400^3700 cal BP (Fig.
82213), a trend also seen in data from the Rio Huen-
823que (Klink, in press). This increase in population
824was coincident with a period of increased precip-
825itation, rising levels of Lake Titicaca, and in-
826creased discharge and the formation of low ter-
827race (T2) in the Ilave valley (Fig. 12).
828The period 3500^2600 cal BP witnessed the ex-
829pansion of small, apparently agropastoral, com-
830munities across much of the Titicaca basin (Al-
831denderfer, 1998b; Stanish, in press). The existing
832settlement record in the basin suggests that the
833near-lake environments became more important
834through time. This is presumably correlated with
835the intensi¢ed reliance upon agricultural produc-
836tion in the economy and the freshening of the lake
837between 3500 and 3200 cal BP, a scenario de-
838scribed by Binford et al. (1997). However, accord-
839ing to the data from Lake Titicaca (Baker et al.,

11Fig. 13. Typical pro¢le across the Rio Ilave valley showing
2the ¢ve distinct terraces discussed in the text. The superim-
3posed population-density histograms, based on survey and
4excavation data (Aldenderfer and Klink, 1996; Klink and
5Aldenderfer, in press), illustrate the human/land-use relation-
6ships. Although some sites could have been lost during
7downcutting events (events 2, 3, 4, and 6 on Figs. 11 and
812), the overall relationship between human land-use and the
9£uvial landscape is clear: humans occupied the upper terra-
10ces (T3^T5) during the Early Archaic (prior to V4400 BP)
11and the low terraces (T2 and T1) were not used until the
12Terminal Archaic (4400^3700).
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840 2001b), this expansion took place in three distinct
841 paleoclimatic regimes. Interestingly, the broad
842 shifts in climate during this time appear to paral-
843 lel changes in both Ilave terrace morphology and
844 agricultural technology in the southern basin. In
845 the Ilave, Juli^Pomata, and Huenque survey
846 areas, as well as in excavations at Camata (Stead-
847 man, 1995), andesitic hoes (rare prior to 3200 cal
848 BP) become increasingly common after 3200 cal
849 BP. Households may have used hoe technology as
850 they moved into new settlement niches where soils
851 were harder to manipulate with previous (presum-
852 ably wooden tool) techniques (Boserup, 1965;
853 Stanish, in press). This implies a movement into
854 the pampas surrounding river terraces and the
855 lake margin. It may have been a response to drier
856 conditions and the downcutting of previously
857 available T2 terrace expanses. The downcutting
858 of the T2 terrace (Figs. 11 and 12) was associated
859 with a brief (post V3000 BP) period of variable,
860 but decreased, lake level. After V2000 cal BP,
861 lake levels returned to, or slightly above (Abbott
862 et al., 1997; Baucom and Rigsby, 1999), modern
863 levels, precipitation increased, and the T1 terrace
864 was formed, once again providing fresh £uvial
865 landscapes for agricultural use.

866 7. Summary

867 Instrumental records show that, on seasonal to
868 decadal time-scales, changes in the Rio Ilave dis-
869 charge are related to changes in precipitation as
870 well as changes in the level of Lake Titicaca. Our
871 investigation of the Rio Ilave terraces suggests
872 that the Ilave River also responded to centennial-
873 and millennial-scale events ^ especially changes in
874 precipitation and consequent changes in sediment
875 load. According to paleoclimatic reconstructions
876 and our history of terrace development, the Ilave
877 valley was relatively wet during the initial human
878 occupation (V10 000 to sometime prior to
879 V4400 cal BP). This was a time of high, but
880 erratic, lake levels and of soil formation on the
881 high terraces of the river valley. Humans occupied
882 the higher terraces (T3, T4, and T5) for at least
883 5000 years during this time interval. The lower
884 terraces (T1 and T2) were not present, hence not

885utilized by humans for occupation or agriculture,
886until after V4000 cal BP.
887Humans are obviously capable of creatively
888adapting to even rapid changes in climate.
889Although climate does not unquestionably deter-
890mine human life style, people living in already
891harsh environments (such as the Andean valleys)
892must constantly change life strategies (foraging,
893agricultural, hunting, etc.) to adjust to changes
894in basic living conditions. In such environments,
895changes in precipitation and discharge are the pri-
896mary controls on the £uvial processes and land-
897scape evolution; changes in precipitation and
898landscape are the ultimate controls on the avail-
899ability of land for settlement, agriculture, and oth-
900er human uses. This coupling of base level, pale-
901oclimatic, and human occupation records in the
902Rio Ilave valley provides a more complete under-
903standing of the natural forces that shaped land-
904scape evolution and its anthropogenic modi¢ca-
905tions.

9068. Uncited references

907Erickson, 1988; Kaplan et al., 1997; Nanson et
908al., 1993; Seltzer et al., 2000; Shanley and
909McCabe, 1994; Smith and Smith, 1984

910Acknowledgements

911This work was supported, in part, by grants
912from the National Science Foundation (Grant
913Nos. ATM-9709035 and ESH-9975161 to
914C.A.R., ATM-9619672 and ATM-9809612 to
915P.A.B., BCS-9816313 and BCS-9978006 to
916M.S.A.). We thank the personnel of Instituto Ar-
917chaeologico de Peru for allowing us to work in
918the Ilave valley, the Autoridad Autonomo de
919Lago Titicaca for cooperating in our studies of
920the lake, and UNAVCO for providing di¡erential
921GPS equipment and training. Albino Pilco
922Quispe, Virginia Incaconia, Makoto Suwa, and
923Niklas Bacher provided valuable ¢eld support.

PALAEO 3061 24-2-03

C.A. Rigsby et al. / Palaeogeography, Palaeoclimatology, Palaeoecology 3061 (2003) 1^2118



ARTICLE IN PRESS

UNCORRECTED P
ROOF

924 References

925 Abbott, M., Binford, M.B., Brenner, M.W., Kelts, K.R., 1997.
926 A 3500 14C yr high resolution record of lake level changes in
927 Lake Titicaca, South America. Quat. Res. 47, 169^180.
928 Aceituno, P., 1996. Elementos del clima en el Altiplano Suda-
929 mericano. Rev. Geo¢s. 44, 37^55.
930 Aceituno, P., Montecinos, A., 1993. Circulation anomalies as-
931 sociated with dry and wet periods in the South American
932 Altiplano. Fourth Int. Conf. South. Hemisph. Meteorol.
933 Oceanogr., Am. Meteorol. Soc., pp. 330^331.
934 Aldenderfer, M., 1998a. Montane Foragers: Asana and the
935 South-Central Andean Archaic. University of Iowa Press,
936 Iowa City, IO.
937 Aldenderfer, M., 1998b. Proposal to the National Science
938 Foundation. http://titicaca.ucsb.edu/chamak_pacha/docs/
939 nsf_proposal_1998.html).
940 Aldenderfer, M., Klink, C., 1996. Archaic Period settlement in
941 the Lake Titicaca basin: Results of a recent survey. Paper
942 presented 36th Ann. Meet. Inst. Andean Stud., Berkeley,
943 CA.
944 Aldenderfer, M., de la Vega, E., 1997. Informe preliminar:
945 Excavaciones arqueologicas a tres sitios arcaicos de la cuen-
946 ca del Rio Ilave, Sub-region de Puno, Region ‘Jose Carlos
947 Mariategui’. Rep. submitted to the Instituto Nacional de
948 Cultura, Lima.
949 Allen, C.D., Breshears, D.D., 1998. Drought-induced shift of a
950 forest^woodland ecotone: rapid landscape response to cli-
951 mate variation. Proc. Natl. Acad. Sci. USA 95, 14839^
952 14842.
953 Baker, P., Rigsby, C., Seltzer, G., Fritz, S., Lowenstein, T.,
954 Bacher, N., Veliz, C., 2001a. Tropical climate changes at
955 millennial and orbital timescales on the Bolivian Altiplano.
956 Nature 409, 698^701.
957 Baker, P., Seltzer, G., Fritz, S., Dunbar, R., Grove, M., Tapia,
958 P., Cross, S., Rowe, H., Broda, J., 2001b. The history of
959 South American precipitation for the past 25,000 years. Sci-
960 ence 291, 640^643.
961 Baucom, P.C., Rigsby, C.A., 1999. Climate and lake-level his-
962 tory of the northern Altiplano, Bolivia, as recorded in Ho-
963 locene sediments of the Rio Desaguadero. J. Sediment. Res.
964 69, 597^611.
965 Berger, A., Loutre, P.J., 1991. Insolation values for the climate
966 of the last 10 millions of years. Quat. Sci. Rev. 10, 297^317.
967 Binford, M., Kolata, A., Brenner, M., Janusek, J., Seddon,
968 M., Abbott, M., Curtis, J., 1997. Climate variation and
969 the rise and fall of an Andean civilization. Quat. Res. 47,
970 235^248.
971 Bond, G., Kromer, B., Beer, J., Muscheler, R., Evans, M.N.,
972 Showers, W., Ho¡mann, S., Lotti-Bond, R., Hajdas, I., Bo-
973 nani, G., 2001. Persistent solar in£uence on north Atlantic
974 climate during the Holocene. Science 294, 2130^2136.
975 Boothroyd, J.C., Ashley, G.M., 1975. Processes, bar morphol-
976 ogy, and sedimentary structures on braided outwash fans,
977 northeastern Gulf of Alaska, In: Jopling, A.V., McDonald,
978 B.C. (Eds.), Glacio£uvial and Glaciolacustrine Sedimenta-
979 tion. Can. Soc. Pet. Geol. Mem. 5, pp. 641^668.

980Boserup, E., 1965. The Conditions of Agricultural Growth.
981Aldine, Chicago, 124 pp.
982Brigdland, D.R., 2000. River terrace systems in north-west
983Europe: an archive of environmental change, uplift and
984early human occupation. Quat. Sci. Rev. 19, 1293^1303.
985Bull, W.B., 1991. Geomorphic Response to Climatic Change.
986Oxford University Press, New York, 326 pp.
987Cant, D.J., 1982. Fluvial facies models and their application.
988In: Scholle, P.A., Spearing, D. (Eds.), Sandstone Deposi-
989tional Environments. Am. Assoc. Pet. Geol. Mem. 31, pp.
990115^138.
991Cant, D.J., Walker, R.G., 1978. Development of a braided
992£uvial model for the Devonian Battery Point Sandstone,
993Quebec. Can. J. Earth Sci. 13, 102^119.
994Cross, S.L., Baker, P.A., Seltzer, G.O., Fritz, S.C., Dunbar,
995R.B., 2000. A new estimate of the Holocene lowstand level
996of Lake Titicaca and implications for tropical paleohydrol-
997ogy. Holocene 10, 21^32.
998Cross, S.L., Baker, P.A., Seltzer, G.O., Fritz, S.C., Dunbar,
999R.B., 2001. Isotopic and chemical modeling of Lake Titica-
1000ca: toward a better understanding of late Quaternary cli-
1001mate and hydrology of the tropics of South America. Pa-
1002laeogeogr. Palaeoclimatol. Palaeoecol. (in press).
1003Darby, D.A., Whittecar, G.R., Barringer, R.A., Garrett, J.R.,
10041990. Alluvial lithofacies recognition in a humid-tropical
1005setting. Sediment. Geol. 67, 161^174.
1006DeMenocal, P., Ortiz, J., Guilderson, T., Sarnthein, M., 2000.
1007Coherent high- and low-latitude climate variability during
1008the Holocene Warm Period. Science 288, 2198^2202.
1009Erickson, C., 1988. An Archaeological Investigation of Raised
1010Field Agriculture in the Lake Titicaca Basin of Peru. Ph.D.
1011Thesis, University of Illinois, Champaign, IL.
1012Erickson, C., 1999. Neo-environmental determinism and
1013agrarian ‘collapse’ in Andean prehistory. Antiquity 73,
1014634^642.
1015Erickson, C., 2000. The Lake Titicaca basin: A Precolumbian
1016built landscape. In: Lentz, D. (Ed.), Imperfect Balance:
1017Landscape Transformations in the Precolumbian Americas.
1018Columbia University Press, New York, pp. 311^356.
1019Erskin, W.D., Warner, R.F., 1988. Geomorphic e¡ects of al-
1020ternating £ood and drought dominated regimes on NSW
1021coastal rivers. In: Warner, R.F. (Ed.), Fluvial Geomorphol-
1022ogy of Australia. Academic Press, pp. 223^239.
1023Garreaud, R., Aceituno, P., 2001. Interannual rainfall variabil-
1024ity over the South American Altiplano. J. Clim. 14, 2779^
10252789.
1026Garreaud, R., Vuille, M., Clement, A., 2002. The climate of
1027the Altiplano: observed current conditions and mechanisms
1028of past changes. Palaeogeogr. Palaeoclimatol. Palaeoecol. (in
1029press).
1030Jones, S.J., Frostick, L.E., Astin, T.R., 2001. Braided stream
1031and £ood plain architecture: the Rio Vero Formation, Span-
1032ish Pyrenees. Sediment. Geol. 139, 229^260.
1033Kaplan, A., Kushnir, Y., Cane, M., Blumenthal, M., 1997.
1034Reduced space optimal analysis for historical datasets: 136
1035years of Atlantic sea surface temperatures. J. Geophys. Res.
1036102, 27835^27860.

PALAEO 3061 24-2-03

C.A. Rigsby et al. / Palaeogeography, Palaeoclimatology, Palaeoecology 3061 (2003) 1^21 19

http://titicaca.ucsb.edu/chamak_pacha/docs/nsf_proposal_1998.html
http://titicaca.ucsb.edu/chamak_pacha/docs/nsf_proposal_1998.html
http://titicaca.ucsb.edu/chamak_pacha/docs/nsf_proposal_1998.html
http://titicaca.ucsb.edu/chamak_pacha/docs/nsf_proposal_1998.html
http://titicaca.ucsb.edu/chamak_pacha/docs/nsf_proposal_1998.html
http://titicaca.ucsb.edu/chamak_pacha/docs/nsf_proposal_1998.html
http://titicaca.ucsb.edu/chamak_pacha/docs/nsf_proposal_1998.html
http://titicaca.ucsb.edu/chamak_pacha/docs/nsf_proposal_1998.html


ARTICLE IN PRESS

UNCORRECTED P
ROOF

1037 Klink, C., in press. Archaic period research in the Rio Huen-
1038 que Valley, Peru. In: Stanish, C., Aldenderfer, M., Cohen,
1039 A. (Eds.), Advances in the Archaeology of the Titicaca Ba-
1040 sin. Cotsen Institute of Archaeology, University of Califor-
1041 nia, Los Angeles, CA.
1042 Klink, C., Aldenderfer, M., in press. A projectile point chro-
1043 nology for the south-central Andean highlands. In: Stanish,
1044 C., Aldenderfer, M., Cohen, A. (Eds.), Advances in the Ar-
1045 chaeology of the Titicaca Basin. Cotsen Institute of Archae-
1046 ology, University of California, Los Angeles, CA.
1047 Knox, J., 1972. Valley alluviation in southwestern Wisconsin.
1048 Ann. Assoc. Am. Geogr. 62, 401^410.
1049 Kolata, A., Ortlo¡, C., 1996. Agroecological perspectives on
1050 the decline of the Tiwanaku state. In: Kolata, A. (Ed.),
1051 Tiwanaku and its Hinterland: Archaeology and Paleoecolo-
1052 gy of an Andean Civilization, 1: Agroecology. Smithsonian
1053 Institution Press, Washington, DC, pp. 181^201.
1054 Lenters, J., Cook, K., 1997. On the origin of the Bolivian high
1055 and related circulation features of the South American cli-
1056 mate. J. Atmos. Sci. 54, 656^677.
1057 Lenters, J., Cook, K., 1999. Summertime precipitation vari-
1058 ability over South America: role of the large-scale circula-
1059 tion. Mon. Weather Rev. 127, 409^431.
1060 Melice, J., Roucou, P., 1998. Decadal time scale variability
1061 recorded in the Quelccaya summit ice core N

18O isotopic
1062 ratio series and its relation with the sea surface temperature.
1063 Clim. Dyn. 14, 117^132.
1064 Miall, A.D., 1982. Analysis of Fluvial Depositional Systems.
1065 Am. Assoc. Pet. Geol., Tulsa, OK, 75 pp.
1066 Miall, A.D., 1996. The Geology of Fluvial Deposits: Sedimen-
1067 tary Facies, Basin Analysis and Petroleum Geology. Spring-
1068 er, New York, 598 pp.
1069 Nanson, G.C., East, T., Roberts, R.G., 1993. Quaternary stra-
1070 tigraphy, geochronology and evolution of the Magela Creek
1071 catchment in the monsoon tropics of northern Australia.
1072 Sediment. Geol. 83, 277^302.
1073 Nobre, P., Shukla, J., 1996. Variations of sea surface temper-
1074 ature, wind stress, and rainfall over the tropical Atlantic and
1075 South America. J. Clim. 9, 2464^2479.
1076 Orlove, B., Chiang, J., Cane, M., 2000. Forecasting Andean
1077 rainfall and crop yield from the in£uence of El Nino on
1078 Pleiades visibility. Nature 403, 68^71.
1079 Ortlo¡, C.R., Kolata, A.L., 1993. Climate and collapse: agro-
1080 ecological perspectives on the decline of the Tiwanaku state.
1081 J. Archaeol. Sci. 20, 195^221.
1082 Paduano, G., Bush, M., Baker, P., Fritz, S., Seltzer, G., 2002.
1083 The deglaciation of Lake Titicaca (Peru/Bolivia): a vegeta-
1084 tion and ¢re history. Palaeogeogr. Palaeoclimatol. Palaeo-
1085 ecol. (in review).
1086 Porter, S.C., An, Z., Zheng, H., 1992. Cyclic Quaternary allu-
1087 viation and terracing in a nonglacial drainage basin on the
1088 northern £ank of the Qinling Shan, China. Quat. Res. 38,
1089 157^169.
1090 Reading, H.G., 1996. Sedimentary Environments: Process,
1091 Products, and Stratigraphy. Blackwell, Oxford, 688 pp.
1092 Reineck, H.E., Singh, I.B., 1980. Depositional Sedimentary
1093 Environments. Springer, New York, 549 pp.

1094Reneau, S.L., 2000. Stream incision and terrace development
1095in Frijoles Canyon, Bandolier National Monument, New
1096Mexico and the in£uence of lithology and climate. Geomor-
1097phology 32, 171^193.
1098Rigsby, C.A., Bradbury, J.P., Baker, P.A., 2001. Late Quater-
1099nary paleolakes on the Bolivian Altiplano. Science (in re-
1100view).
1101Rollins, S.M., 2001. Quaternary Lacustrine and Fluvial Histo-
1102ry of the Central Bolivian Altiplano as Recorded in Subsur-
1103face Strata of the Rio Desaguadero Valley, Bolivia. M.Sci.
1104Thesis, East Carolina University, Greenville, NC, 152 pp.
1105Rollins, S.M., Rigsby, C.A., Warren, M.R., Bradbury, J.P.,
11062000. Quaternary lacustrine and £uvial history of the central
1107Bolivian Altiplano as recorded in subsurface strata of the
1108Rio Desaguadero, Bolivia. GSA Abstracts with Programs
110932, 7.
1110Rose, J., Turner, C., Coope, G.R., Bryan, M.D., 1980. Chan-
1111nel change in a lowland river catchment over the last 13,000
1112years. In: Cullingford, R.A., Davidson, D.A., Lewin, J.
1113(Eds.), Timescales in Geomorphology, pp. 159^175.
1114Rose, J., Boardman, J., 1983. River activity in relation to
1115short-term climatic deterioration. Quat. Stud. Pol. 4, 189^
1116198.
1117Rust, B.R., 1978. Depositional models for braided alluvium.
1118In: Miall, A.D. (Ed.), Fluvial Sedimentology. Can. Soc. Pet.
1119Geol. Mem. 5, pp. 605^625.
1120Schumm, S.A., 1993. River response to baselevel change: im-
1121plications for sequence stratigraphy. J. Geol. 101, 279^294.
1122Seltzer, G.O., Cross, S., Baker, P., Dunbar, R., Fritz, S., 1998.
1123High-resolution seismic re£ection pro¢les from Lake Titica-
1124ca, Peru/Bolivia. Evidence for Holocene aridity in the trop-
1125ical Andes. Geology 26, 167^170.
1126Seltzer, G.O., Rodbell, D.T., Burns, S., 2000. Isotopic evidence
1127for late Quaternary climatic change in tropical South Amer-
1128ica. Geology 28, 35^38.
1129Seltzer, G., Rodbell, D., Baker, P., Tapia, P., Fritz, S., Rowe,
1130H., Dunbar, R., 2002. Asynchronous warming of the tropics
1131at the last glacial^interglacial transition. Science (in press).
1132Shanley, K.W., McCabe, P.J., 1994. Perspectives on the se-
1133quence stratigraphy of continental strata. Am. Assoc. Pet.
1134Geol. Bull. 78, 544^568.
1135Shelton, J.W., Noble, R.L., 1974. Depositional features of a
1136braided^meandering stream. Am. Assoc. Pet. Geol. Bull. 58,
1137742^754.
1138Smith, N.D., 1974. Sedimentology and bar formation in the
1139upper Kicking Horse River, a braided outwash stream. J.
1140Geol. 82, 3407^3420.
1141Smith, N.D., Smith, D.G., 1984. William River: An excellent
1142example of channel widening and braiding caused by bed-
1143load addition. Geology 12, 78^82.
1144Stanish, C., in press. Ancient Collasuyo. University of Iowa
1145Press, Iowa City, IA.
1146Stanish, C., de la Vega, E., Steadman, L., Chavez, C., Frye,
1147K., Onofre Mamani, L., Seddon, M., Calisaya, P., 1997.
1148Archaeological survey in the Juli^Desaguadero region of
1149Lake Titicaca basin, southern Peru. Fieldiana Anthrop. 29.
1150Field Museum of Natural History, Chicago.

PALAEO 3061 24-2-03

C.A. Rigsby et al. / Palaeogeography, Palaeoclimatology, Palaeoecology 3061 (2003) 1^2120



ARTICLE IN PRESS

UNCORRECTED P
ROOF

1151 Steadman, L., 1995. Excavations at Camata: An Early Ce-
1152 ramic Chronology for the Western Titicaca Basin, Peru.
1153 Ph.D. Thesis, University of California, Los Angeles, CA,
1154 682 pp.
1155 Stuvier, M., Braziunas, T.F., 1993. Sun, ocean, climate and
1156 atmospheric 14CO2 : an evaluation of causal and spectral
1157 relationships. Holocene 3, 289^305.
1158 Stuiver, M., Reimer, P.J., Bard, E., Beck, J.W., Burr, G.S.,
1159 Hughen, K.A., Kromer, B., McCormac, F.G., van der
1160 Plicht, J., Spurk, M., 1998a. INTCAL98 radiocarbon age
1161 calibration, 24,000^0 cal BP. Radiocarbon 40, 1041^1083.
1162 Stuiver, M., Reimer, P.J., Braziunas, T.F., 1998b. High-preci-
1163 sion radiocarbon age calibration for terrestrial and marine
1164 samples. Radiocarbon 40, 1127^1151.
1165 Sugai, T., 1993. River terrace development by concurrent £u-
1166 vial processes and climate change. Geomorphology 6, 243^
1167 252.
1168 Thompson, L.G., Mosley-Thompson, E., Daansbarg, W.,

1169Grootes, P., 1986. The ‘Little Ice Age’ as recorded in the
1170stratigraphy of the tropical Quelccaya ice cap. Science 234,
1171361^364.
1172Thompson, L.G., Davis, M.E., Mosley-Thompson, E., Sowers,
1173T., Henderson, K.A., Zagorodnov, V.S., Lin, P.-N., Mikha-
1174lenko, V.N., Campen, R.K., Bolzan, J.F., Cole-Dai, J.,
1175Francou, B., 1998. A 25,000-year tropical climate history
1176from Bolivian ice cores. Science 282, 1858^1864.
1177Vandenberghe, J., 1995. Timescales, climate and river develop-
1178ment. Quat. Sci. Rev. 14, 631^638.
1179Vuille, M., Bradley, R., Keimig, F., 2000. Interannual climate
1180variability in the Central Andes and its relation to tropical
1181Paci¢c and Atlantic forcing. J. Geophys. Res. 105, 12447^
118212460.
1183Zhou, J., Lau, K.-M., 1998. Does a monsoon climate exist
1184over South America? J. Clim. 11, 1020^1040.
1185

PALAEO 3061 24-2-03

C.A. Rigsby et al. / Palaeogeography, Palaeoclimatology, Palaeoecology 3061 (2003) 1^21 21


	Fluvial history of the Rio Ilave valley, Peru, and its relationship to climate and human history
	Introduction
	Geomorphic and climatic setting
	Methods
	Terrace sediments
	Gravelly braided river deposits (FA-1)
	Description of lithofacies
	Interpretation

	Sandy braided river deposits (FA-2)
	Description of lithofacies
	Interpretation

	Meandering river deposits (FA-3)
	Description of lithofacies
	Interpretation


	Fluvial history
	Terrace morphology and age
	History of terrace development
	Terrace development and climate change

	Discussion
	Summary
	Uncited references
	References


