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Camanchacs as o Fotential Renewable Water Resourcs
or Vegstution and Coastal Springs along the Pacific

in Soubh America

Introduction and Summary

Zvery hydrogeologist who has visited the impressive snow coversd wator
divide between the Facific and &tlantic Ceean in Nor %h Chile at enly 200 te
200 km distance from the Paoific Coast, can nob resist the ides that at leas

of the melting waters may find its way S omewhera thro&gn the

from the highest mountsin range : the Coastal Gardillera

meters, and the ¥iddls Cordillera with

o 4500 meters (Cordillers de Tomeyko and i%s northern

sar Chuquicamata}, which riss stepwise from

the Tacific to the culminasting Cordilleras de los Andes with sltitudes Tron
LBGU to A70C meters shove sea-level. Ses Apollo photograph of Atacsns desert
{fig. 1}, and tectonical interpretation of pholo lineations in an active

This wag the resson why the author after having par ticipated to =2

stable isctope sampling programme of springs and mountain rivers in the
hlgher aress between 2000 and L300 meters, exeeutsd during the latter half
of Januzry 1971, started to collset on his own water samples of the sporadic

springs in the lower coastal zrea from O to 1300 metsrs in +hs pericd from
15 ¥ay to 11 Juns 197I. This was during the time he was Acting Proisot

of the U project (CHI-35)} "Water Resources Development in the

&3
o
&

The method used to find the origin of the scarce coasbal spring
vaters was the examination of the stable isctope content of Oxyger 18. As

no funds were sllocated to finanos the rather laborious snalysss of the
stablis iscbope samplss, the auther was giad to find Dr, W, ¢, Yook of the
os Laborastory, University of Groninpsn, Hetherlands, prapared fo
exsoute & part of the collected samples, while Dr. Breas Salabi of tho
isobope Laboratory in Firacicaba near Sao Faolo, Brasil snalysed some

{Table 1),
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In contradiction with the expsctations, the origin of the Faeific

waters would appear to be from a local source. Since thers is no

o
by
=

[
s
i
=

pracipitation {fig. L} the only possible source is the cloud bank boundsd at

the upter side by a normally available tamperaturs inversion layer (fig. 3

"

end fig. 5. This sowrce of hunidity is locally called "Cemanchaca”.

flehourh the Adats were discussed with Claudio Eilva of the Chilean

3

Nuclear Bnergy Commission also Bcientific Organizer of the sbove mentiocned

.igher aress betwsen 2000 and L300 meters, and the

i.la
b

sampling progremme in the
sampling results were handed over to CORFO (Ccrgcracicn do Fomento de la

Chile) in Fovembar 197L, never a comprehsnsive report was produced
on tha matter, This was firstly due to the transfer in June 1972 of the author
to the Unssco Kegional Office of Science and Technology for the Areb States in
Egypt were his cccupations as Speclalist in Envirommental Sciences kept

o
nim busy, and sscondly as no urgent resson existed to do saq.

However, since the Chilesn Covermment has the intention fo make a
constructive use of the wsters conbeinsd in the Camanchacs or Wubss Hasanies
which fzed the low visld coastal springs, this last condition has changse

gee annex 1 for Chilean proposal for the expleitation of the coastal mis i
Cr the othsr hand alsc United Nations Envirommental Progromme UNEY has an

ntarest in the subject, reason why as yet in November 1977 a report on the

Yok

gubisct was wribtten.

In the meantime alsco from the Chilean side already ongeing studies

were continued and despened mainly by Professor Hector R, Munoz and Professor

Usrlos Espinoza of the Universidad del Worte in Antafsgasta. This should be
gn as 2 complsmentary note %o their fundepental studies which sterised as

early'ss She sixbies (ses fig. 5 photo mads before 1570 and wsed in lo of

the R ran crs).

Principles of the issd uethadolopv

The heavy isctopes of hydrogen {H) and oxygen {0} naturally present
in waker molecules, nemely the stable Deuberius (hydrogen -2} and stable

oxygen =18, provide an sxcellent information aboul the origin of water..

o
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Isctopes of an s number of protons and electrons
but dif & gy of

Ter from ssch other in ths nunber of neutrons, Hence the mas
e

Most elemants conslst of
t

ot
oo
)
o
)t
[4i]
H‘

sotopes, The latier
2

3
under emisslon of radiation {Tritium, H-3;Uarbon ~id.

isotopes content cen only be deltermined by mass spectrometry.

In every million meleculss of water, with normal isotopie composition
S o 18 s
E 770 there sre sbout 2000 molscules H, 0 conbzining the he

2
. 16, . :
and about 320 molsculss HD ~7C in which ons of ths two ordisary hydrogen atens

18,
savy isctope ~ G,

ﬁ or &}, As long as i

{-J

=

replacad by thoe heavy hydrogen isobaps Deuterium
3

o
e
[
ok
[
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turs is not constant, Systematic invesitigal
i

18 o 1A
Y0 and HD U0 fluctuste wit

o
e
s
=]

s
; 18 &
dus essentially to the lows B 1
i

¥ vapour pressures of H. 0 and HD "0 83 & result
[
of which dschople fractionation fakss plsce dwing every phese bransformaition o
avaporstion, condensabtion, sublimation, Isctopic ex~

ion and dispersion snsurs that isobtopic fractionations, which

2 place at the phaze boundaries, bacome messurable volume character-

The proportions in which the differsnt isobopes occcur reprassnt an

el

cverall labelling of ths watsrc,

Az The stable iscbopss of a chemical element differ only in mass, the
hey ccour in naturs are influsencad by all processss on
including those related to changss in

stimulates movemend. A water molsculs

sulficiently stimulated by heating which

inereases its veloeiby se a funcition of its mass. (Evaporation, sublimation
or ths roverse conds ntion}.
Most water will svaporate at the suwrface of sgaes and oveans and again

o

In compensation the occwans and seas

5
‘7

%itl recelve precipitation dirschly or indirectly, drained back through 4

]

o
charging rivers or groundwsier. The overall sffect combined with mixing through

aoean currsnts oi¢.,. providss otcan wabter with s very constant proporiions of

TEn

18 16

O mnd Goor D oand B, edonts

R T ey

A by Draie {10ATY) as +ha standord {(Srandard
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sample analvsﬁs results for stable isobopes are alweys exprassed
18, /16 .
%770 or /E from the S

o
v

‘

3

clative levistion of the iscbopic ratio

-1 8

standard or 37 OF SMOF in the following way

o %0 0§80 suar = (P07 %) sanpte - (/o) suon
(*Fo/10) suow

idad ag

jan
fute
"“1

Tho processss for deviation from the standard ocan be

¥ater vapour from the cesans, seas or 1akés has a lower comtent of

In the Tropics the averags tempsrature is highest. Therefore the
fractienatsd distillation which would have no effect st the hoiling

int, causes only o minimun negative deviation., At higher latitudes

Lew
=}
P

N . . 18
the avaporated water will conbain less ~ C as & canseq guence of the

average lower temperatures st which evaporation takes place,

~ Combinental alfeot .

In precipitations, the heavy isctops content-dec?eases with increassing
distance from the coast. A depletion of the heavy isctope cantent will
take place as a function of the rainfaill during the treznspert of

apour messes inland, (See slso results of 11 with respect to those

of 10 of RKeferences).

- Altituds effeot .

The humid air mass will successively become depleted in hesvy
isctopes as o function of pracipitation when moved uprard towards

the culmination of a mountain range.

The encrmeus diffsrence in altitude over a relatively narrow stretch

f land renders the altitude effect the most sctive agent Tor the

o

differentistion of the collected samplas. {See alze 10 of References ).

el
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Interpretation oj ths Besults

fable 1 consisting of 4 papes 7, 8, 9 and 10 gives the date, goo-
graphical locatlon and typs of the water cecurence from which g SQmplg Wes
taken, in addition whers poesibla, of the temperature of the weler and its

cal cenductivity during the sanpling, The lsst column of table 1
gives the loboratory result,
in *%0 conteut 1s frem 180;?5- SMOF = -13 4o
L 13 of «17.21 is excluded ag being little reprow

1

15 quite an extraordinary variety of "0 comtends for such

s
& reletively small area,

The semples originste from the following type of watsr ceourences .

a, Frecipitation {L 1%, L 11 and C G), with a rathor individual characher with

the excepbion of the last one.

In arid or semisrid reglons, only a heavy or consistent recipitation will
iromment with relative humidit ty of 100%, Small rains may
leose part of thsir water %o resvaporation of the rain drops by the
surrounding alr with wisaturated vapowr presswe. {n the other hand
inbtercepted standing raimwater mey have become reletively enriched in *°¢

dus to svaporation aftsr rainfell has ecsased. Snew samples bake weors time

vefore elimetic influsnces mzy have changed the isctope content. Hows

since snow falls et this latitude only at grest, normally wninhabitod

o

altivudes, it may take many days after snow f21l before s sample can be
collacted, In the case of L 11 this is different Since Tatio iz anp in-

habited settlement for the explaration and exploitation of the geyser

}w)‘!

ield for gaothermsl power production,

+

The Camanchaca can only be cavtured during specific weathor conditiong
and depends on the total surface of the "moist trap” (sce chapter IV,

the collseted water is conducied to a clessd container, gvaporation
cannct modiflly anymeors ths 183 contont, Only the tenperature of the cloud
or mist bank varying slightly with the sessons may influsnes the 180

content, {Sas meteorclogical explanstion of Camanchacs in chapter ¥},
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B. Spring or well water

by groundwater and are mors representebtive than catesory
directly recharged by precipitaetion or indiresctly by
Tig. LY, In this comnsction it should ba mentionsd & 4

=

& oresats of the succsssive mountain shains is eovered
e Tertlary ard Lusternasry vuloanic

5

%
~ites and alluvial fans, which have smookhed
3

reaprear at oa lower loo £ '
or in a "Salar™ {Jsbke) in a clcsed basin., OF course the drainsge arsa
of & spring is 111 delired cemparsd with the drainage basin of 2 river.

e

One can only be sure that the water comes from an arsa of higher elevation
than the spring in question, Due to the peolo;

conditlons groundwater may howsver cover largs &istug‘es, sometimes un-
disturbed by geomorphological water divides., In this connsetien, it may
bs useful to consider the boundaries of the basins formed by the pre-

Tertiary geologoial formations.

The presently exisfing smooth reliel between the mountain chains is
espacially ix the highsr part above 2000 m only intsrrupted by the
canyons sroded by the fast floving mountain brocks in the penerally
sofft wvulcanio and s=lluvizl sediment cover {gquebradas). The rivers sre
parennial with a surprisin?lf onstant regime and consequently must
drain the groundwater ressrves. The yield of the most important rivers
8 by deviating the major part of the discharpgs

through pipslines to the few population and mining centres in the ares

Tocopilla, Anbofapsste and Taltal to mention

uue/l
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L L hus besn collacted from the intake of o pipeline

supplying & part of Antofagasta with %0 1sec.

L 10 is collacted from the intake of

Antofagnsta with L30 1/ eec

'l ois col i £ ;
C 1 is colleotad from the intake of & Fipeline of 150 Im length providing

1

4
Tt 1 owith 200 m7/ Aan gl 2 2
Taltal with 200 o XR;J of which = largs part is lost due to its ape
I these dats apply only for the vear of sampling as
on i

Present many works are in execubion to improve the water Bupn

E L bub also L5 (for those who know the area) show

-

43
1]

0553

cbvious influsnees of heavy evaporation

Inn the &arrsr the v i var det 1
In the cdlagram the relative deviation in ~ 0 conitent of the ss apls from

the SUOY standard. are otted araii : :
& Sl Brangard, are plotted against the only approxinstely kmown

H al 3 I
altitudes of the corrssponding gampling site. C dering the encrmous
varistlon in altitude, this epproximetiosn is sufficient for +he purgoss

with exceptio ;
axcept ths

ofF ay
i
b
o
o
jge
L]
4
o)
o4
o d
o
e
P
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12
'§.2 13
jans
~ o
B
S
by
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O
fan
i
':y
Jrin
¥
[$5]
o
iy
o
()
jil
21
s
“
it
-
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%
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hydrologiosl =it

The plotted poimts which have boen connsched by
W

1
springs or river ssciions which provide obviously

the main supply of downe
straam gampled river sso ol ase of & e i
am EAmY szctions. In the case of L 25, originating from a
s £ iy wed 3 ..« N s 4
well, this well is most probably in comnection with the Loa river as it

is located at a Tew 100 metsrs from its courses,
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-
Joomk
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of first river
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schargs of sscond river
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i ¥ w2 Y3 gre relstive devistions of

content from the S¥OY standard

for the corresponding discharges.

2 ¢ river water is lecally used for irrigation as being the only
vieter resourss with the few springs in the region., Consequently, ths
irrigation walter draining back to the river will bacome relstively

ent dus to gvaporation losses, eliminating with
er isoctopss, This procass, in spits of the fash
§ & gradual ochange to the right hand sids of ths
' altitudes,

. Smap?as like L 22 confirmed to o cerhain sxtent by the near by g£r oty
water otcursnce of L 23 and sven more by L 2L from the largsst spring
in the arss, howaver, with lower 18, contend, show an excepbion of tha
genoral tandsncy of decreasing 14@ content with lower sltitude,
{Compars L 17 of the nearest upsiream sampled river section of the
Rio Lowm, the only water courss in the far swrrounding that hos erocdad

its way through the Cordillera de Domsyko and found ifts way to ths

Thiz excoptionsl behaviour can only be explained by a contribution
ple

? axno unknown groundwater supply betwesn the sam

of L 17 and L 22 originating from a recharge area o
altitude or higher,

18 ;
If one conparss the 0 contants of ths water drainsd towards +he

clossd basin of salar de Atmecams {£ig.2), it is obvious that ths origin

£ the brooks, groundwster and springs feeding the Sular are all the same

3 915]

and are afterwards modified by svaporation.

The only exception forms to a certain extent § 8 originating from

an Pedro taksn during the pesk flow om hth of Janunry 197 a3, when

b ™o o
the Hiop Sa:
)

the bridge collapsed. This is the only sample faken from a river with a

i
surface runoff component in the discharge,
veol o
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sagples from the constal rogion botwsen O and

it eppears thet all samples concoern grounc water ocourencss

s
{C 1 commsnted bofore not included).

i
o]
;‘j

“d

(%]
o

cles 1ike C 2 and C 3 may be recharged from higher regions liks
but alsc by Cmmanchecs which ean locally pansirats thr rough mounbsin passes,
and snow Tall as the aubhor ohserved omes on nearby mountain tops ovsr 2000
A

ns may explain water of the typz of € 7. These samplss
¥y exp TR P

o
were ail collected in the Atacoma desert separated from the Faeific Goean by

[
{3
jae]
£,
fad
o
2

amples of lovels balow 1000 m have been collsetod from the

water ocouronce in

Some peoeple thought

D

that these waters were providsd by a vever, the majoriiy

rars dorived

]
(i
pu
a3
rr:

qers corraet whe shared

1t
From the leaks of the water distribution system supplisd oy the Toconcs
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mixtbure of Camanchacs water of different ssasons, A
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avapoeration and
mogt convineing water cccurence in this conncction forms O B, dripping from
the roof of e cave underncath the about 1100 m. hzgu;ﬁ ierra Morsna on the

of Mejillonss opposite Anbofagastn., FHsro Profossor Bepinoza

anchacs yiclds collected with standard "fop traps” of & litors
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sultable location in the region for the lorge Anbtefagasta

groundwater in thy subsoil of this complete desertic

L8 saline and from marine origin,

Frofosgor Hector H. Munoz and Frofessor Carios Bepinoza, of the
niversidad del Horte, have studied the "Camarchaca™ for many voars, (Sea l.c).
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n 700 and 1,100,
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mbor 1974
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gsgems thab amount of water harvested by the plants from the Camanchecs is

wiction of the plants surface arcs, sxposed to the clouds and not of +hs
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of the plant, Thereforc o plant with 2 smail wator demand Dub
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urfece ares can be o soures of groundwatsr rechargs, which in its turn

coastal gprings, The exomined sar
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roecharged through the madiastion of
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possibility.,

proved that not only vegobation can cnpturs moisth

from clouds or mist banks for its own growth, but alse

d, can transmit the oxcsss moist towerds the soil

an

as recharge, the conclusion ean be drown that afforsstation 11 stimulate the

astal springs and may most probabl v oreate
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exploitation of the ceastal Tog {see nnnox)
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inds blowing over the relatively cold ccsan surfaco

crologlenlly cool and molst merine layer. The air
above the marine layer is dynamioally heatod by susidence, Tho
ntorface botwson these two layers varying in position betwoon

wsove gaa lovel gonoratos an imnvorsion with

Ish! e By 3 e ey i 5 vt 5 $ i i 3
Uiloucs buling raised above this intsrfacs botwsen cool moist air snd

warm dry air, svaporates and so the inversion counbtoracss dorelopment of

convactl messes which could otherwiso produce

iz a "dry" cvean and a desert coast,
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ridge over south Amorica conrcets the
*icycIOJes or high pressure sross,. In

Y
South

Sumnar

pensirate in the area under cansié@raﬁian. Gnly Song snow fall in the hkigh

mouwntaing may ccour (Bolivian Wintor). (See alse sample L 13 7).

¢ prassurcs in bhe. south rn winter are higher than dwing
18 more-subsiderce and higher tempersture sbove the inverasion
summer. - The marine layer below the inversion hes inverse

variations; in the wirter colder
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BS54 5 on August 7th 1967, The cloud covar cun be Follows

In ths exireme south of 3 ax e glderstion the "Norte Chise®
"0 . G . P
betwsen 337 and %87 so the area of transition
from the desert to ths matic changos Sincs the

A

i1t
Fliccome period hwve left their mark in the forn of romains of vagatation,

The total procipitation varios here botween LO0 mm in the south %o

100 n in the north, while 85% of the precipitation falls betwosn Mav and

v

August as o result of the sonsonal northward shift of +the polar front,

Changss in olimate are of coursze first noticsd in suoh transitional zonos,

Foland Paskeff in nis discussion of the Susternery climatic

chang@& slong the semiarid seaboard of Chilec srrivas 2t the following
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et the ond of the Tertiary wns probably of the warm

hunid tropical btype, with a dry scason of Tarying impoertance,
It changed towards the Quaternory with o decreasse in toenperaturs

and o roduction of rainfall,
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b} "The Pleistocone pericd expericncsd an
ad

by & cooling of the atmosphero, and dry porieds

. 3 M tr
marksd LBy & warming up”,

gouth in & surrounding of stappe ~vegatation, tho relict
i

of forost still exists, comprising spociss of trees, ferns and

iisnas with roappoar only sbout 1000 lm furbher sowth inp the cvergraon

Porost of Valdivia,

e survival of this foerest, exfending over an arca of about 80O hel,

in the Altos do Talinsy to $ho north and south of the mouth of the

can sesily be explained, Being situsted on the flcottoncd top of the raised
sonetal homeh which directly faccs the oseen at o holght of &00 to 700 m the
arga benoefits of the condonsmbtion of marine air. This "Coonlt Frocipitotion”

K] ey o e ok - N 3 . o . e 2 oy e et T TN
increases the total zamuel rainfell almost ten timss To abous 1,200 mm

{largs sea
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ntion of

o relict of the Quaternary

Fhysionomic likslyness to ths Peruvion

ray Jorgs forost is not unigue., Other forset romsins covering

smallor arces, ars found along the semiarid Chiloan coast on meuntain slopas

such forsst relicts are thot onss dastroyad
¥o In cortain arcas tross disappearcsd even
» 88 tho wood appoarcd indispensable ns bubttresscs

o
for the undorground mining o ploitntlan wnich flourished sirco the sarly

on and gvon before { L exsmination on existing mine woad

sal inberosting rosulis in this respeets ), In some areasg,

vhich have developod dwing the periocd of v ek
arcas should be copsidered in the first place for
the help of artificial moist cellsctors providing

L

s troes until they are $all enough Lo hocome thoir ow

In this connoobion, traditionsl
wE0rt areas of the world, may prove o be most useful.

notunl work on the invsntory of traditional water works




being possible in ¥ortharn Chile, is

ation in meny other srcas in the world,

paris of Lowsr Califorais,
lands of Yemen and Cman.

o il alraady applied and in the reglon of Hourt Kulal

ty of increasing the spring

under

the

acould

Atlsg Hountoins epproach the Atlantic, the steep

yisids in this way is

exploitetion of Comsnchaes {or ocoult procipitetion) as o ronow-

methodology which

Horceonn oconast

consts of dngola,

On the Canary -Islses, this

rar lake Rudolf

at lessh

rencwabls watsr rosourcs
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