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1\bstracl: In the period sinec the 16th of Junc and the Ist of Juty 1999, the cxpcdition l lahm 
Mayu (which means Big River in Quechua) was exploring the source area of the 1\purímac River 
in the southern Peru. The expcdition of seven membcrs was lead hy the author of this article lrom 
the Faculty of Science, Charles University, Prague, who. together with another organizcr of the 
action, (lhotographcr Vladimír Šimck, had already visited this territory within the cxpcdition Peru 
95. The a im of the group was to measure the length of the formerly delcrmined main source of 
the Apurímac River considercd nowadays by a great part of world hydrologists as the longcst 
source segment of the Amazon. Besides measuring the length of the course, the expedition 
mcmhers also mcasured flows and allitudes that enabled them to draw the lengthwisc prolilc of 
the Río Carhuasanta strcam. 

Key words: Amazon river, Location of the source, Samuel Fritz, Natural conditions, Source area 
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1. HISTORICAL OUTLINE OF LOCALIZATION 
OF THE AMAZON SOURCES 

1.1. Samuel Fritz - Bohemian Jesuit and author of a map 
of the Amazon 

One of strong motivations of our expedition to the sourccs of the Amazon was 
above all the personality of a not much widely known Jesuit of Bohemian origin Samuel 
Fritz, famous mainly in the Hispanic world, as author of the first serious map of the 
Amazon. 

After finishing his studies at the Faculty of Arts of Charles University and at the St. 
Wcnccslas seminary, Fritz entered the Jesuit order. In 1683, he was sent together with J. 
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V. Richte r and J. Burgr to a mission in the We st lndie s. Via Ge noa, Se ville , Cadiz and 
the Canary Is lands, the y first arrive d to the island of Martinique and the n to Cartage na in 
Columbia. Afte r a distre ssful wande ring upstre am the Magdale na Rive r, the y 
progre ssive ly got, via Colombian towns of Popayán and Pasto to Quito in Equador, lle w 
down the rive rs of Pastaza and Na po down to the main course of the Amazon. Th e n  the y 
we nt upstre am to the mouthing of the Huallaga Rive r and to the se at of a Spanish 
mission in the scttle me nt La Laguna. 

Late r Fritz progre ssive ly visite d the tribe s of Omanguas and Yurimanguas at the 
lowcr course of the Maranon Rive r and the tribcs of Ybanons and Aizuars at the 
mouthing of Rio Ncgro. During one of his c xpe ditions in the re gion of the i\mazon he 
was capture d by Portugucse and 18 month imprisoncd at the Portugue se Je suit Colle ge 
in Pará at the mouthing of the Amazon. Whe n he could finally go back to his Spanish 
mission in 16 91, he mappe d during his 1300 km long journ e y  diffe rc nt afllue nts of the 
Amazon, islands, as we ll as lndian se ttle me nts. Afte r visiting the Spanish vice roy in 
Lima, hc stoppe d at the uppe r course of the Maranon Rive r and de scribe d its sourccs in 
the mountain lake of Lauricocha. This place is up to now indicate d as the source are a of 
the l arg e st rive r of the plane t for instance by the Ne w Encyclopae dia Britannica ( 1998). 

Samue l Fritz was the first human who got acquainte d during his trave ls with the 
whole main course of the Amazon from the sourccs of the Maranon to its mouthing. In 
1707, he draw the se cond map of the rive r (the first one was done by Guille rmo Sanson), 
which was much more pe rfe ct than the first one . The map (Map l), incre dibly pre cise 
give n the time it has be e n  done , was drawn with the he lp of protractor only. 

1.2. Changing opinions on the sources of the Amazon 

Up to the 1950's, the Maranon Rive r was conside re d to be the source se gme nt of 
the Amazon. Ne arly 250 ye ars afte r publication of the map of the Bohe mian Je suit 
Samue l Fritz in 1707, his localization of the Amazon source in the Lauricocha Lake in 
the Ce ntral Cordille ra in the Pe ruvian Ands was still valid. 

In the 1950's howe ve r, some data affirming that the se cond source stre am of the 
Amazon, the Ucayali, was conside rably longe r than the Maranon Rive r, we re publishe d. 
Contrary to the pre ce de nt pe riod whe n the le ngths of stre ams we re e stablishe d according 
to the map of scale l : 2  500 000 or l: l 000 000, more de tail e d  maps of scalcs l : 200 000 
or l: l OO 000 we re the n use d. This e nable d to conside r all more important rive r 
me ande rs and the stre ams gre w conside rably Ionge r. 

In 1953, the Fre nch e xplore r Miche l Pe rrin confirme d the supposition of the 
Pe ruvian colone l Ge rardo Diande ras e nsuring that the longe st source stre am of the 
Ucayali Rive r is the Rio Apurlmac tak ing source at the foot of the Huagra Mountains in 
the Cordille ra Chila in the southe rn Pe ru (de partme nt of Are quipa), to the north- we st 
from the village of Cailloma. Ge ographe rs acce pte d this alle gation for more than 15 
ye ars and long time it also appe are d in the Cze ch te xtbooks of ge ography. This source 
was also me ntione d by Rostislav Ne topil in his publication "Hydrology of contine nts" 
(1972). 
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Fig. 1 The map of the Amazon s bas in, work of Samuel Fritz from the year 1707 



In 1 968 ,  Mr and Mrs Schre ide r de signe d as the source are a of the Apu ri mac Rive r 
the lake of Vilafro whe re Rio Santiago take s source and which is situate d about l l  km 
e astwards from the village of Cailloma. 

A ye ar late r confirme d the English journalist Nicholas Ashe shov who visite d the 
re gion of the Ce rro Minaspata summit (about 30 km south- we stward from Cailloma) 
toge the r with the parachutist and adve nture r John Ridgway, that the source se gme nt of 
Río Apurimac is situate d e xactly the re . 

In the same ye ar, the e mine nt Pe ruvian ge ographe r Carlos Pe nahe rre ra de l Aguila 
publishe d a monograph e ntitle d "Ge ografia ge ne ral de l Pe rú" . The publishe d data we re 
base d on re sults of the re se arch done by the lnstituto Ge ográfico Nacional in Lima. As 
source of Rio Apurimac is give n Que brada Carhuasanta at the northe rn foot of the 
Ne vado Mismi Mountain and the source is pre cise ly localize d with the he lp of 
ge ographic co-ordinate s - 7 1  °40'36 " of we ste rn longitude and 15°30'49" of southe rn 
latitude . 

In 1971, an e xpe dition was organize d unde r the auspice s of the National 
Gcographic Magazine and the Inte rn ational Ge ode tical Se rvice . It was le d by the 
photographe r Lore n Mc lntyre who was accompanie d by the mountaine cr Richard 
Brandshaw and the ge ographe r V íctor Tu pa. The a im of the e xpe dition was to con firm 
the hypothe sis of Ame rican cartographe rs that Río Carhuasanta should be the longe st 
source stre am of the Amazon. Mc lntyre announce d that the most re mote source springs 
from a small lake at the foot of Ne vado Choque corao Mountain, ge ne rally calle d 
Ne vado Mismi. This place is situate d le ss than 2 km from the source found by Dr. 
Pe nahe rra. 

Furthe r e xpe ditions followe d. In 1 978 Walte r Bonatti re turne d to the opinion of M. 
Pcrrin and de signe d as source se gme nt of the Amazon Rio Huarajo tak ing source at the 
foot of Ce rro Huagra. Whe n pre paring a film about the Amazon, Je an Miche l Couste au 
visite d in 198 2  the re gion in que stion in the southe rn Pe ru and acce pte d the the ory about 
localization of the source s pre se nte d l l  ye ars be fore by Mclntyre . 

The last one of e xpe ditions trying to fi nd the source of the l arg e st rive r of the plane t 
look place in 1996 . An inte rnational e xpe dition le d by the Polish adve nture r Jace k 
Palkie wicz gathe re d two Russians (the glaciologist S. Ushnurtse v and the ge ographe r R. 
Chayrutdinova from the Russian Acade my of Scie nce s), four Pe ruvians (Z. N. 
Goicoche ou from the Pontifica Unive rsidad Católica de l Pe rú, the hydrographe rs G. 
raura and P. Rojas and the mountaine e r  J.L.T. Ve lasco) and the ltalian adve nture r T. 
Grc go. The e xpe dition de te rmine d a ne w source se gme nt of the Apurímac Rive r, and 
that Rio Apache ta taking source at 5170 m at the foot of the Ne vado Que huisha 
Mountain in the Cordille ra Chila range in the we ste rn Pe ruvian Ands. The authors 
conside r this stre am as the longe st and the most wate ry source . It springs out at the 
highe st altitude out of the all conside re d source se gme nts of the Apurímac Rive r. 
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Flg. 2 Region of source of Rio Apurlmac 

Table 1 Survey of opinions on the localization of the Amazon sources 

Author Year Source 
S.J. Santos Garcla 1935 Laguna Vilafro 
Michel Perrin 1953 Cerro Huagra 
col. Gerardo Oiénderas 1953 Cerro Huagra • Rio Monigote 
Heien a Frank Schreider 1968 Laguna Vilafro 
Nicholas Asheshov 1969 Nevado Minaspata 
Carlos Penaherrera del Aguila 1969 Nevado Mismi • údoll Carhuasanta 
Loren Mc lntyre 1971 Nevado Choquecorao 
Walter Bonalli 1978 Rio Huarajo 
Jean Michel Cousteau 1982 Nevado Choquecorao 
Jacek Palkiewicz, Zaniel l. Novoa Goicochea 1997 Nevado Quehuisha • údoll Apacheta 
Source: Go1cochea, Z.I.N. (1997), adapted 
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Table 2 Data about the length of the Amazon 

Name Co�ntry 
------

O. H. Walkey Great Britain 
E. J. Devroey USA 
C. Peňaherrera Peru 
J. Marcinek G.D.R 
IIAP - lquitos* Peru 
J. Cousteau France 
J.C.P. Grande S razil 
IGN- Perú** Peru 
J. Marcinek, E. Rosenkranz B.RD. 
P��rtini, J. Wagner S razil 
'lnslltuto para la lnvestrgacron de la Amazoma Peruana 

''lnstituto Geografico Nacional del Perú 

Year 
1949 
1950 
1969 
1978 
1980 
1984 
1985 
1989 
1996 
1996 

Leng�!J ( km\ 
7 651 

659 5 
676 2 
651 o 
688 5 
702 5 
6571 
676 
651 
706 

2 
6 
2 

2. PREPARATION OF THE EXPEDITION AND METHODS 

The author of the article had prcpared the cxpedition already sinec 1990 when hc 
gavc lectures on hy drology and general phy sical geography at two Peruvian universitics 

- Universidad Nacional Mayor de San Marcos in Lima and Universidad Nacional San 
Antonio A bad del Cuz<:o. He obtained from the then Dean of the Faculty of Geography 
in Lima, Prof. Dr. Carlos Penahcrrera, his monograph Geograjía general del Pení, 
where the theory about the source area of the Amazon at the northem foot of the Nevado 
M is mi summit in the Qucbrada Carhuasanta (Departcmento Arequipa) was publishcd I(H· 
the lirst time. Although the author of the monograph had never visited this region, his 
hy pothescs was based on the data found in maps of the National Geographical Institute 
in Lima. 

Already at that time, the idea appeared to prepare field research of this region. 
Literature, maps and aerial photographs of the region in question were being 
progressively gathered. In 1995, the author of this article vis i ted the Carhuasanta Valley 
within a geographical expedition of the Faculty of Science, Charles University , and 
proceeded to a preliminary survey of the region. Only in 1999, sufficicnt financial means 
and instruments of necessary quality for fieldwork were gathered. 

Before the departure of the expedition, an analy sis of hy drographical network 
of the upper part of the Río Apurímac source area was done on topographical maps 
l: l OO 000 (sheets Cailloma 31- 6 and Chivay 32-s). The length of all the streams that had 
been in past designed as sources of the Amazon was measured to the confluence of Río 
Santiago and Río Hornillos, situated at about 14.5 km eastwards from the village of 
Cailloma, where in the Río Apurímac begins. In the same time aerial photographs of a 
scale l :50 000 were interpreted depicting the main ridge of the Cordillera de Chila 
Mountains and the uppcr course of Río Lloqucta with four principal smu·ces. 
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Following instruments were used for field research: 

• laser range finder LEM TM 30 (produced by Jenoptic, Germany) with tripod 

• special height hauges ALTI PLUS 2 and BARJGO 

• hydrometric propeller C 2 0  (produced by OTT Messtechnik, Kempten, Germany). 

3. GEOGRAPHICAL LOCALIZATION AND NATURAL 
CONDITIONS OF THE REGION 

The stud i ed region is a part of mountain range Cordillera Occidental in the southern 
Peruvian Ands. The source area of the Apurímac River is situated at northern slopes of 
the main ridge of the Cordillera de Ch iia spread ing between 15°04'2 0" and 15.32 '19" of 
southern latitude and ?1°36'38" and 71°54'00" of western longitude. 

Administratively, the region belongs to the districts of Lari and Cailloma in the 
Cailloma province, which is a part of the department of Arequipa in the south of Peru. 
The mining village of Cailloma, starting point of the expedition, lies at about 140 km 
northwards from Arequipa. The distance is covered by bus on gravel roads in about 12 
hours, while a good cross-country vehicle can manage it in eight hours. 

3.1. Georelief .. 

The studied region combines the relief of mountain ranges, river valleys, plateaux 
and a large intermontane bas in. In the sou th, there ra i ses the are of the main ridge of the 
Cordillera de Chila Mountains with its highest summits (from the southeast to the 
northwest): Mismi (5597 m), Choquecorao, Hueracahua, Quehuisha, Calomorco, 
Ccaccansa, Jatunpila (5437  m), Surihuiri (5556 m) and lnaspata. The ridge in the same 
time forms the main continental water-shed between the drainage area of the Atlantic 
and the Pacific oceans, that is between the catchment area of the Apuríniac River, 
aftluent of the Amazon, and the Rio Colca catch1nent area that as Rio Camaná (at its 
middle course called Rio Majes) mouths into the Pacific Ocean. The northern and the 
western slopes of the mountains are not as steep as their southern slopes where the 
canyon of Rio Colca got deepened into unsolidified volcanic tuffs. The maxima! height 
difference between the Río Lloqueta Valley in the north and the ridge line of the 
n1ountain range is 700 to 800 m, white the Rio Colca Valley at the southern slope is 
incised into the depth of 2200 to 2500 m in comparison to the mountain ridge of the 
Mismi massif. After 30 km, the depth of the Colca canyon reaches 3200 m. 

From the viewpoint of the geological stratigraphy of the relief, there are diverse 
dominant rock forms of both sedimentary and volcanic origin, dating from the Middle 
Tertiary to present. In the of Cordillera de Chila range, in the source area of Rio 
Lloqueta and at the watershed with Rio Ancollagua, rocks of Middle Tertiary appear at 

49 



the surface and form the stratigraphic unit Tacaza. In its upper part, which is up to 
800 m thick , this formation consists of grey basaltic or ry olite lavas with frequent 
fissures filled by volcanic tuffs. In deep cuttings of rivers (for instance belo' v the 
confluence of both source streams of Carhuasanta), there is often denuded a thick 
lacustrinal formation (up to l 000 m, in Goicochea, Z.I.N., 1 997) with laminarly 
arranged greenish, locally violet colourcd sands, with fi·cquent fragment oľ volcanic 
rock s. While in the upper part of the formation lavas are pronouncedly predominant, 
tuffs and conglomerates with blocs of si ze from 0.5 to l O m, are dominant in the d epth. 
Plc istocene is represented by the 20 to 150 m thick Barroso formations, consisting of 
grey ish andesites and porphy ries under the form of lava nappes or vaults, but there are 
also ty pical stratovolcanos with remnants of original parasitic vol can ic cones. 

The major part of the catchment area of the Río Apurímac upper course is 
nevertheless formed by a large graded level and mainly by the very large Cailloma basin 
(Depresión de Cail/oma). Pleistocene loams, sands and gravels, accumulated und er the 
form of alluvia, glaciofluvial sediments and moraines fill it. Among the recent 
sediments, there are unsolidified sands, gravels and loams under the form of alluvial 
cones, fluvial alluvia, debris cones, including unsolidified material of stone and mud 
flows (huaycos). 

Geomorphologic processes are also intluenced by extreme climatic conditions 
enabling a huge accumulation of snow and occurrence of glaciers. Under these 
conditions, numerous lakes of glacial origin were formed (including laguna " Bohemia" , 
see further) and locally there is also permafrost that in summer (December-March) 
periodically melts at its surface. 

3.2. Climatic conditions 

Climatic conditions are mainly intluenced by high altitude oscillating between 
41 40 m a.s.l. at the confluence of Río Santiago and Río Hornillos (the place of origin of 
Rio Apurímac) and 43 i 9 m (place in the Cailloma village) up to the ridge of Cordillera 
de Chila with altitudes about 5500m. There is also a sensibly strong isolation from 
impacts of the Pacific Ocean and the Amazon Basin. During the three winter months 
(June - August) the mean monthly temperatures are inferior to ooc, while during the 
night thcy even descend under -2 0°C. During the expedition, the lowest temperature 
registered at the bank of Río Challamay o was - l8°C. In the warmest months (January , 
February ), the month averages reach about 6 to 7°C. The nearest permanent climatic 
station in Yauri (3915 m a.s.l.), situated at about 50 km north-eastwards, registers a 
mean annual temperature of 3 .SOC, the warmest month being January with an average 
tempera tu re of 7°C, the coldest one th en Ju ly ( - 0.6°C). The average loca l rain fail is 
662.3 mm. Although in the studied region of the source area of Río Apurímac the 
temperatures are slightly lower, the total annual rainfall at higher altitudes reaches as 
much as l 000 mm. The major part of precipitation fail from November to March, wh i le 
in January and February the whole studied region is covered by snow. The period 
May -September is characteristic by a low rainfall. 
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Similarly , as in the majority of partia! mountains of Peruvian Ands, glaciation of 
the Cord illera d e  Chila massif is of loca! charactcr. 13ecause of a high allitud e and a 
relative ly great isolation from the ocean, lhere are favourable temperature conditions for 
formation of glaciers. The decisive part is there play ed by the quantity of fallen snow. 
Glaciers and Iong- term snow cover tak e an area of 33.89 km2• The lower limit of 
Iong- term snow cover lies on northern slopes of the main ridge at about 5300 m a.s.l. 
The majority of the 8 7  glaciers fill cirques, from which descend short slope or valley 
glaciers. According to the inventory of glaciers in Peru, published in the Atlas del Perú 

(1989), the total volume of glacier mass in Cordillera de Chi la is of 0.57 8  k m\ that is 
about 1.03% of the volume of all the glaciers in Peru. 

Glaciers, Iong- term snow cover and permafrost create in the source area of the 
Apurímac River very favourablc hy drological conditions for streams that they supply by 
water, cspc cially in sununer months (from November to March). Accumulalion of 
melting water in source areas is back ed by vegetation as well. Especially large green 
cushions called champa (Distichia muscoides) are able to absorb enormous quantity of 
water. They are firmly tangled stems, leaves and roots of different species of trailing 
plants forming sort of oval carpets. According to the water content or the presence of 
permafrost, their surface may be in some months hard or, on the contrary , very soft. 
Champa and other plant species form, by their successive growing and fading away of 
their lower parts, huge, up to IO m thick , lay ers of humolites in the source area of Río 
Carhuasanta. Among the numerous vegetal species, let us mention especially grasses: 
ichu (Stipa ichu), sara (Calamagrostis eminens), chilhuar (Festuca orthophy//a), tisna 
(Stipa obtusa). An important nutrient for troops of Ty lopodous (lamas, alpacas and 
vicunas) is the low shrub of tola (also called 1/ianta, Lepidophy//um rigidum) that, once 
dried, is also used as combustible. A very dominant plant on mountain slopes at altitudes 
superior to 4500 m is yarita (also called yareta, Azore//a yareta) often forming large, 
even several metres high cushions. For its high content of resins, it is, once dried, used 
as combustible. 

4. HYDROGRAPHICAL AND HYDROLOGICAL CONDITIONS 
OF THE SOURCE AREA OF RÍO APURÍMAC 

Even before the beginning of the expedition, hy drographical analy sis of river 
network of the upper course of Río Apurímac and of all its sources was done with the 
help of topographical maps of National Geographical Institute in Lima (lnstituto 
Geographica Nacional) and of aerial photographs of the up per course of Río Lloqueta. 
On the bas is of these cartometrical work s were established the lengths of all the sources 
designed in the past as source segments of the Amazon. 

The results of measurements have explicitly confirmed the initial hy pothesis that 
the sources of the longest source stream of the Apurímac River must be look ed for at the 
foot of the massifs of Nevado Mismi and Nevado Quehuisha, where Río Lloqueta 
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originates by confluence of four source streams. Although in 1966 an international 
expedition headed by J. Palkiewicz designed as the main source the valley of Quebrada 
Apacheta, our measurements favoured the neighbouring valley ofQuebrada Carhu•santa 
(see Tab. 3). 

E 

i 

UIO 

mo 

.... 

"'" 

.... 

"""• 

'""l 
l 

4110! 

-

4110 

4710 J 

.... 
•gun• � rock 1ttp 
. '"' · ·---· 

i \ flaaura aouroe ' l 
� 

. . .. ... -.... 

- � � - - - - - - - - - - - - HO 
ll�lanGI(mJ 

Flg. 3 Source segment of Rio Apurlmac 

Table 3 Results of our measurement of iengths of water streams In the source area of Rio 
Apurlmac (measured on topographic mapa of a scale 1 : 100 000, IGN, Lima Peru) 

Source Source stream Length*(kml 
Laguna Vilafro auebrada Huancane • R. Santiago 35,3 
Cerro Huagra Rio Huarajo • R. Santiago 37,9 
Cerro Minaspata auebrada Yanacocha • R. Ancollagua • R. Challa· ss,s·· 

mayo • R. Hornlllos 
Nevado Mismi Laguna "Bohemia" • a. Carhuasanta • R. Lloquera. • 59 .. 

R. Challamayo • R. Hornillos 
Nevado auehuisha a. Apacheta • R. Lloqueta • R. Challamayo • R. 58,3*• 

Hornillos 
• lenglhs measured from lhe source down to Iha connuence of Rio SanUago and Rio Hornlllos where Rio 
Apurlmac begins 
•• when measured via the artlficlal canal (that means vla Lago Parlhuana • Rio Challamayo • Lago Huarjuarco • 

Rio Huarhuarco ·Rio SanUago) all the lengths get 9.1 km longer 

Besides measuring the lengths of natural riverbeds, a revision of river network has 
been done in the region of lakes of Laguna Parihuana and Lagwta Huarhuarco where in 
the past an essential change of drainage situation occurred due to human intervention. 
We have this information thanks to one of the participants of Czechoslovak watercrafi 
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expedition in 1 982. ing. Bobák , and also from literature (for instance Asheshov 1970 ). It 
has been also confinned during our visit in the locality . Sometimes after 1 940 , a mining 
engineer from Cailloma Mining Company let to dig a canal parting from the riverbed of 
Río Challamay o to feed the lak e of Parihuana. The work went on at the outtlow from the 
lak e by digging a 2.7 km long undcrground tunnel. Later on, a small dam and an 
aqueduct were built to bring water into two water power plants supplying by power 
copper and silver mines. According to Ollľ measurements, this intervention prolonged 
the source segment of Río Apurímac of 9.1 k m  compared with the natural riverbed via 
Río Horn illos. 

Study ing results of the intern ational expedition of 1 996 confirmed us that it is 
highly necessary to carry out detailed earth measuring with the help of the !atest 
instruments. For measuring lengths, we chose the ! atest version of laser range finder 
LEM TM 30 produced by Jenoptik and enabling a millimetre precision. We thus entirely 
excluded using GPS that cannon reach the requested precision. In that connection it is 
possible to entirely doubt the results of the above- mentioned expeditions using this 
inslrument for measuring lengths. 

Fig. 4 Source area of Rio Carhuasanta at the foot of Nevado Mismi 
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Fig. 5 Tt1e tefl source of R10 Carl1uasanta nses from tl1e Laguna at the att1tude 

5233 m. In the backyard is Nevada Mismi. 

4.1. Results of field survey in the Carhuasanta Valley 

Measuring works started in the basie camp of the expedition at the confluence of 
both principal sources of Río Lloqueta, that is Carhuasanta and Apacheta, at the altitude 
of 4781 m. When measuring, we proceeded along the main river bed in a way to record 
all the meanders. To the confluence of both principal sources of Carhuasanta (5026 m 
a.s.l.) the stream measured 6 521 .1 111 with a descent of 24 5 m and the mean inclination 
of 3.76 %. 

The lcft source of Carhuasanta parts from a glacier lake indicated on maps as 
Laguna with its surface at the altitudc of 5233 m. Geographical co-ordinates of this 
sources are the following: 1 5"30'33" of southern latitude and 71°41 '34" of western 
longitude. On the day of measuring (June 23 ), the minima! out flow of the lake was 9 l /s. 
This water went down over a rock step at 5228 m a. s. l. and under the form of fine spray 
fc ll down on a firn tield at 5212 m. The upper cdge of this small watcrfall was distant 
only 15.5 m from the outflow from the lake. The total length of Carhuasanta from the 
left source makes then 7872 . 9  m. The left source has, just to the confluence with the 
right source, a descent of 186 111 with a mean inclination of 13.76 %. 

The right source of Carhuasanta rises by a huge fissure spring under a 36 111 high 
vertical rock wall at 5238 m (the upper edge of the step is at an altitude of 5274 m). 
Geographical co-ordinates of this source are the following: 15"30'7" of southern latitude 
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and 7 1°41' 13" of western Jongitud e. The abund ance of the spring the d ay of 
measurement (June 24) was 20 1/s. The rock wall is penetrated by a vertical fault zone 
interfering d eep against the slope. It is certain that the source is fed by melting snow and 
by the glacier at the foot of Mismi above the rock step and that the water penetrates into 
large ly open fissures. The total length of Carhuasanta from its right source is 7799.3 m. 
It has, just to the confluence with the left source, a d escent of 212 m with a mean 
inclination of 16 .59%. 

During the field works, flow was measured at three streams. In Río Lloqueta, it 
reached 535.9 1/s on June 21 at 13 o'clock above the confluence with Río Ancollagua 
(altitud e 4721 m, wid th of riverbed 6 . 2  m, water temperature 3°C). The flow of Río 
Apacheta was 205.9 1/s above the confluence with Río Carhuasanta (altitud e 4788 m, 
wid th of riverbed 2.2 m, water temperature l 0C). The flow of Río Carhuasanta was 
16 8.6 l /s above the confluence with Río Apacheta (attitud e 4799 m, wid th of riverbed 
2 .  75 m, water temperature l 0C). The second and the third measurements were d one 
und er stable cond itions al 9, respectively 9.30  o'clock on June 24  with the help of 
hy drometric propeller C 2 0  prod uced by OTT. 

5. CONCLUSION 

When d etermining the main sources of a stream, hy drographic practice takes into 
consid eration the following criteria: length of course together with altitud e of the source, 
stretch of water area, flow, leveli ing of lengthwise profile and evolution age of river bed . 
With view to these criteria, we can state the following: 

• Río Carhuasanta is the main source of Río Apurímac and by that also of the Amazon. 
This statement is backed by the results of our field and cartometric measurements. The 
total length of the source segment from the left source of Carhuasanta in the glacier 
lake of Laguna d own to the beginning of the Apurímac River (confluence of Río 
Santiago and Río Hornillos) is 59,573 km. 

• The sources of Río Carhuasanta are situated at the highest altitud e of all the sources 
d escribed by previous exped itions, and that at 5238 m (the right source) and at 5233 111 
(the left source). 

• The largest catchment area of all the sources of Río Lloqueta is registered by 
Carhuasanta (19. 6 km2, for comparison SiJianque 14.1 km2, Apacheta 14.1 km2, 
Ccaccansa 8.8 km2), see also the d ata given by Goicochea, Z.I.N. (1997). 

• Río Apacheta is only favoured by a greater flow (2 05.9 l /s while Río Carhuasanta 
16 8.6 1/s). 

• The artificial canal going from Río Challamay o and feed ing the lakes of Parihuana 
and Huarhuarco elongates the source segment of Río Apurímac of 9.1 km. The natural 
riverbed is nevertheless Río Hornillos. 
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• The longest source segment of the Amazon has the loll owing course: sourccs or Río 
Carhuasanta - R. Lloqueta - R. Challamay o - R. 1-lornillos - at its conlluence with R. 
Santiago begins Río Apurímac. At its lower course, this one changes its name to R. 
Ene and then to R. Tambo. At its confluence with R. Urubamba begins Ucay ali and 
after its confluence with Maranon the Amazon. 

In spite of precious results reached by the expedition, we consider our work as a 
further stage in study ing the source area of the largest water stream on the Earth. We are 
convinced that the same methods we have used in the case of Carhuasanta must be used 
for measuring other considered source stream, mainly Río Apacheta and Río Ccaccansa. 
Only then, the discussion about the source of the Amazon can be closed. 
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Res ume 

Nové vymerení pramenu Amazonky 

Ve druhé polovinč června 1999 se uskutečnila expedice Hat un May u (kečuánsky 
"Velká reka"), která smčfovala do pramcnné oblasti reky Apurímac na jihu Peru. Sed­
mičlennou výpravu vedi autor článku, který společnč s dalším organizátorem akce, fo­
tografem a kameramanem Vladimírem Šimkem, navštívil toto území již pri expedici 
Peru 95. Ještč pfed cestou bylo provedeno mčfení délek toku jednotlivých zdrojnic 
r·cky Apurímae na leteckých snímcích a topografických mapách v mčfítku l : l OO 000. 
U predem vytypované hlavní zdrojnice Río Carhuasanta byla pak v terénu detailnč 
zmči'ena její délka a stanoveny nadmofské výšky, které umožnily vynesení podélného 
profilu toku. Rovnčž se uskutečnilo mi!fení prutoku vody na hlavních pramenných 
tocích Rio t\purímac. 

Jedn im z motívu expediec by la postava jezuity českého pli vodu Samuela Fritze, který 
se pfedevším v hispánském svčtč proslavil jako autor první kvalitní mapy Amazonky. 
Fritz, narozený v Trutnovč, postupnč absolvoval Filosofickou fakultu Karlovy Uni­
verzity, Svatováclavský seminár v Praze a poté vstoupil do jezuitského fádu. V roce 
1683 byl spolu s J. V. Richterem a J. Burgrem vyslán do misijní služby v tehdejší 
Západní Indii. Po dlouhé cestč pi'es italský Janov, špančlskou Sevillu, Cádiz, Kanárské 
ostrovy, ostrov Martinique, kolumbijský prístav Cartagenu a strastiplném putováni 
proti proudu i'eky Magdalena, andská mčsta Popayán, Pasto a Quito, splutí fek Pastaza 
a Napo se dostali až na hlavní tok Amazonky. Proti jejimu proudu se vydali k ústí 
Huallagy do sídla špančlské misie La Laguna. V dalších letech Fritz postupné navštívil 
nčkolik indiúnských kmenti na dolním Mara onu a pfi ústí Rio Negro. Po zajctí Portu­
galci byl 18 mčsícti včzni!n v portugalské jezuitské kolej i Pará pfi ústí Amazonky. Po 
propuštční v roce 1691 mapoval bčhem 1300 km dlouhé plavby pi'ítoky Amazonky, 
fíční ostrovy i jednotlivé indiánské osady. V roce 1693 navštívil špančlského 
místokrále v Limč a na zpáteční cestč popsal pramcny Amazonky v horském jezcfe 
Laurícocha. Jako pramennou oblast nejvčtšího veletoku na Zemi udává tento region 
dodnes New Encyclopaedia 13ritannica ( 1998). Frítzova mapa Amazonky z r. 1707 
byla v poradí druhá na svčtč (po Guillermo Sansonovi), avšak mnohem dokonalejší. 

Do 50. let 20. stol. byl za pramenný úsek Amazonky považován Maranon, tzn. více 
než 250 Jet platila teorie S. Fritze. Za pomoci map včtšíeh mi!fítek bylo 4iištčno, že 
druhú zdroj nice Amazonky - Ucayali je výraznč del ší než Maranon, a tak mnohé ex pe­
cl ice zamíľili poté do pramenné oblasti Río Apurímae, ncjdclší zdrojnicc Ucayali. Od 
roku 1953, kdy byl za pramen nejvčtší fcky svčta označen vrchol Cerro Huagra v po­
horí Cordillera Chila na jihu Peruánských And, se uskutečnilo nčkolik výprav, které se 
snaží ly pfcsnč určit místo pramene (vi z. tab. l ). V souvislosti s tím se také objcvovaly 
v literatuŕc odlišné údaje o délce Amazonky (viz. tab. 2). 

Po revizi údaju všech dosavadních výprav a detailních kartometrických mčfeních na 
topografických mapách a leteckých snímcích se autor článku vrátil k ptivodní tcorii 
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Prof. Dr. Carlose Pe aherrery z roku 1969. Cílem expedice bylo tedy potvrdil na 
základe výsledku terénních mefení, že nejdelší zdrojnicí feky Apurímac a tedy Ama­
zonky je Qucbrada Carhuasanta v departamentu Arequipa na jihu Peru. 

Součástí tohoto článku je stanovení presné geografické lokalizace pramcnu a popis 
pfírodních podmínek regionu hlavního hrebene a severního úpatí pohorí Cordillera 
Chi la, který je součástí pásma Cordillera Occidental j ižních Peruánských And. Pozor­
nos! je pritom venována charakteristikám georeliéfu, rozsahu zalednční, klimatickým a 
wgctačním pomerum. 

Detailní analýze jsou podrobeny hydrografické pomery pramenné oblasti feky Río 
Apurímac. V článku jsou uvedeny výsledky mefení délek všech dosud uvažovaných 
pramenných úseku na topografických mapách (viz. tab. 3), dále údaje o antropogenní 
transformaci ríční síte, která byla v minulosti uskutečnena v souvislosti s težbou rud 
vzácných a barcvných kovu. 

Podstatnou částí textu jsou výsledky terénního pruzkumu, který probehl v údolí fek 
Río Lloqueta a Río Carhuasanta. Vzhledem ke kritériím, které se v hydrografii pou­
žívají pro určení hlavního toku bylo stanoveno: 

• Rio Carhuasanta je hlavním pramenem reky Río Apurímac a tudíž i Amazonky. 
Celková délka pramenného úseku od levé zdrojnice Carhuasanty v ledovcovém 
jczere Laguna až po vznik l'eky Apurímac (soutok Río Santiago a Rio Hornillos) činí 
59,573 km. 

• Prameny Río Carhuasanta leží v nejvyšší nadmofské výšce ze všech zdrojnic, které 
byly popisovány pfedchozími expedicemi, tzn. 5238 m (pravá zdrojnice), resp. 5233 
m (levá zdrojnice). 

• Ze všech zdroj nic Río Lloqueta má Carhuasanta nejvetší plochu povodí ( 19,6 km2). 

• Ve prospech Río Apacheta hovorí pauze včtši prútok vody (205,9 1/s) oproti Río 
Carhuasanta ( 168,6 l/s). 

• lJmčlý kanál, ktcrý se oddčlujc od Río Callamayn a napájí jezera Parihuana a 
l luarhuarco, prodlužujc pramcnný tok Río Apurímac o 9, l km. l'fírudním fcčištčm 
je však Ríu Hornillos. 

Nejdclší pramenný �sek Amazonky má následující prubeh: prameny R. Carhuasanta -
R. Lloqueta- R. Callamayo - R. Hornillos - jeho soutokem s R. Santiago vzniká R. 
Apurímac. Ten mení na stfedním a dolním toku název na R: Ene a R. Tambo. Jeho 
soutokem s R. Urubamba vzniká R. Ucayali a po soutoku s R. Maranon vzniká Río 
Amazonas. 
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