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Mze 1 Indox map of Haitl showinyg the location of the
Gonaives Flain.
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‘bstreot

The Conaives Plsin lies 1in northern Faiti at the head of the Culf
of Conaives., OCround water in the plain is used widelr for donmestie
and stock pursoses but only %0 limited extent for irrirsation. The
future avriculturs)l development of the plain will 2epend in lrroe
measure on the proper utilization of available :round-water surnlies
for irrisation.

The rocks in the region of the Gonaives Plain belong to the upper (?)
Cretacerusg series of the Cretaceous system, the ocena snd Olicoeene
series of te Tertisry svaten, ond the Ileistocene and Recent serles of
the ™uaternary syztem, The structur-l depression oacunisd by the
Sonaives Plnin wes formed in 2oad-i’iocene time by the -dislocsation of
Clizocene ~mnd oller rock3 alonz normnl Tm:lts 'nd by the tiltinc of the
~d Jacent crustel dlocks. The loer marts of ‘the depression contain a
Fleiatocr~n~ =nd Recent 2lluvial 111 dezoslted by stre-ms tributary to
the pl-in.

The up-er (?) Cretrecrus roecks include on esite nnd has~lt 1-va
flows loeally intercalated with some beds of tuff and szrlomerris.

These rocks are ~onersally -lense and impervious but loevlly small srnrings
rise from fractures ond bedding nleones or Pram -enthered ~ones.

The “ocene rocks rre hard, thin-bedded, cherty limestonos ith some
beds of meaglve chelky 1imestones Conslierable r~round water ci-eculatss
threugh joints, bedding rlenes, ~nd sclution pasarces in these rocks
sivins rise to irmortont 30rinzs such as curces lMademe ‘harles. Theso

sprinzg dlscharsa at *ha -nte of ~bout 110 liters —ep aseconde.



The Olirocene rocks include limestone, shnly limestone, limy sand-
stcne, marl, and shale, The limestone beds contnin solution passrses
and other openings and theze noay nfford caprcity for the circulrtion
of ground walter. Yowever, no wells or springs in Oligoeene rocks were
observed during tte preent study.

The 2lluvial £111 of the »lain i3 ccornoan~d of ;nterbedded lenses
of clay, sils, send, and gnvole These deposita econtain a rcone of
saturetion whose upper limit i3 rmirrked by & water table. The depth to
the -ater table beneath the slluvizl lowland of the plain roanges from
lesa than one meter to nbout 20 naters. In most nlrces in the nlain
the depth to vater is less than 135 meters. “'here pre-ent in the zone
of satu-otion the ro-rse, ell-sortsd ~and and =r-vel hHeds of the
alluvium +11] nrehadly vield modrrate 20 1lav7e auppliea of water to
wells =nd infil%retion gnlleriss, Thé individual yislds of existing
%2ll3 rrn~e from a f£5y 1i%e>s to absut 60 liters p-r second.

The most favorable psrt of the plain for *rou;d-wnter prospecting
end cavelorrent lies § to 10 kilometers -ortheagst of Gonaives. In this
eren yiclds of 10 to 50 liters ner s-cond could be obtain~d Prom the
alluviun in simple <ells drilled to Adepths of about 35 to 45 netors,
~ddition~1 information on the/yifld end ~hysicnl zherseter of =mouifers
in the alluvium woculd he  rovided by tost ells drilled to dantha of

40 to 60 metarse.



_Introduction

The Gonaives Plain is loeceted in northern Haiti st the hesd of the
Culf of Coneives.{¥ige 1) The principsl eity of the plain is Connlves,
ernnital of the Dep2rinent 6f Artibonite nnd 120 ¥ilometers by'road northe
northwest of “Orteasu-Trince.

A menersl atudy of the geology ~nl ground-wnier conditions of the
nlain‘:ns me2de by the writers in Febru ry 1949, This work wag part of
a larcry arose- of cround-veter studicg in Haitl b7 the Inasiitute of
Intor-"mericsn ffairs in cooper-tinn with the U. 3. Ueoloricel Survey.
The work =23 done under the gener~l dir~ction of ¥r., 7, Alen Laflin,
chief-nf-narty of the Food Supply Divi-ion of the Instirute in Halti,

t ;rs‘ent irri - tion i3 prreticed in the Gonailves Plain mmd its
tributnry verlleys by diversiona from sirrams. During tﬁe dry se-sen
the flow of there strerrmg i3 usu 1lly ~ufficlent tb coveyr much of the
vnlley »rens, bud the  1-in 13221f receivas only smer-die irrisetion or
nene <t alle The “rincipnl objret of the nre ent study e %o Investirte
the occzurrence of rround sater in the plain ~ad the fe=gibilitr of

‘evelonins  ster sunnlies frm ells or othur s*tmictures for irris-tion.



Precipitation

The Conaives ’lain receives reoin principally from the northeast
traie winds which reech the north cosst of Haiti 1&!3!1 with rolsture,
Fowever, in Desaing over dhe high mountalins of the Kasazif du Nord cone
densmation occurs énd nost of the roisture 1s precipitstsd on the northe
ecst slopes of these mountainse On reaching the Connives ?1éin %0 the
a-uthwest of the riounteins, the winds sre larvely deprived of moisture,
consequently <he plnin receives very litle rnin and is perhaps the
driest lowland repion in Heitls ‘g based on 42 yeers of ragord the menn
monihly and samual rainfall et Conasives {s as fcllowai

Painfall nt Conaives, in illlimsters
JANUAY T seesescnseccass ‘od JulYeessssccvccasss 7440
e brUAT Y eerevscasasase 1440 ‘Qustecssscsansoce 893
Yarcheesesssessesveses 1568 30ptenbDerecsecccsces 852
ADT4lececsscesccnccsce 2948°  CotobOTesssercsceee 60.0
MBYesscncsecsesssacess 82,8 HoverboTesssescesee 230l
JUNBeessscscssccessces F1le5 Decembersesececcsss 108

Tearees--580,1

These data suenest that the merked econcentretion of roinfril in two
wet socsong characteristic of nost of Yoitl does not occur in the “onaivas
regions Rather trore seens to be only one long wet aenson lnszing from
Nay ttrough Coteber with a sho=¢ bresk in July. In the S-ronths dry
season fron lNovember tirounh Soril tho totnl rainfall avereres only
973 millifireters ¢t Conaivese DJuring the asme period the norsh-asg
trrde 7ints “low with rrec~ter internsity end consinmey thon in the vet
seagsn in the Consives “laine Conse unntly evanoration 18 {nerensed and
tte lirht nrecinitetizn th-t occurs is ineffactive in r~aintrining soil
~cinture in the Mlain, Irrigetion {3 “hevefore necagonry 2P ~rons dnrfné

the Apy wo-gon avd 13 Cegiieodble fop ontirmum plamt srensth durines She wet

ISAB0N .



The rainfall at Gonaives is probably resresentative for rost of
the lowlend area of the plain. However, the bdordering mountain slopes
may recalve half again to twice as much rainféll a3 the plain. To
lerge extont the smount of rainfall received by the mountain slopes
depends on their elevation and exposure to.the northesst ¢trade winds,

Topography and drainsge

The Gonaives Flain is alluvial lowland of spproximately trisnculaer
cutline (Fige 1)» At 1%s southern limit 1t attains a maximm width of
about 11 kiloneters from esst to west., To the north the width qf the
plain gradually decrensses to adout l-1/" kilometers neor the junction
of the Niviere d'Fnnery withk the Riviere La Brenle. The ploin hna a
maximum leonnth pr ahout 13 kilometers fromrnorth to south.

Adong $i2 entire wmstern merein the plain is bordered by feoihills

"and sours of the Yontegn~s de Terre Feuve. The highest point in these
mountains nerr the plain i3 Morne 3iennc whose elevrtion in 375 meters
above ssa lovel., The crast of this mountain i1a loented 3 kilometers
ncfth of Gonnives. '

To the south of the vellsy of the Riviere d'Ennery the plain is
bordersd along its ensfern mrsin by long linear ridgas which are srurs
of the Yontarnes Noires., Bayomais Ridge lyinsz between thn valley of
the Niviere des Beyonnais mnd the rloin i3 -erhaps the most prominent
of these. It stvtains a nexirmum slevatlion of ebout 400 meters chove sea
level. ©n the northenst side of the Bayonnals Valley 18 = sacond ridre
which extends northward beycnd the roint of 3syonnnis Nidge to thes Tinnepry
Velley. This ridre renches elevetions of sbecut 500 to 800 meters. MNaap
its soushrern 1linmit the Conajves P1nin ia apli4 by ithe northern tip of
lorne Oremonte Thias ri‘we {8 a 1-rre isolnted cutlier of tre Yontnscnas

Hoires, It3 =rxirum elev-tion ig 406 m-ters nhove 1ca lovel.



North of the Tnnery Valley »nd ee=3t of the valley cf the

Riviers lLa Dranle sare the mounteins of the Kazgif 4u MNord which border
the plain on the northeaat. The highest point in these mountains near
ths plein 1s Yorne Deux Hemellea whose elevation ia 784 m&ters above 3ea
levél. o

Tha surface of the Gonaives Plain rises evenly from the sea ot
Gonsives 3ay o sn elevation of sbout 120 meters =t its northern limit,
nery the junceion of.ths valleys of the Hiviere La Brenle snd the Riviere
d'ﬁnne¥y. 2% the entrance of the alluvisl vslley of the fiiviere Bassin
the plain is about 80 meters shove sean ;evel and abogt the asme naf the
entranne of the Isyonnais valley., South of uonaives =2nd weat of Yorne
Srammont the uonaives Plain is contiguous with the .rtidbonive Tlain,
Last Qt orne Ursrmont the Qonaives “lain merges ilmpe-ceptidbly with the
;avane esolee, a amall slluvizl basin which extends on southéastward
for gevrrsl kilometers. -hare the plain merges with this beain the'
general claevation 13 sbout 20 meters above gea level, Mesar the ses the
plain ia Iow\and barrely dissected. Inland tho slope of the plain in-
eronqgeq rredunlly ond the principel gtreems are fncised to depths of 2 to
3 meters below its =urface, |

The trupk strean of the ‘ionaives Tlain is the Hiviere I.a “uinte
~hick 1g forrad by the confluence of tha ‘Yiviere La 3ranls and the
Hiviers d'Pnnery. ¥Yarther south in the centrnl pnrd of the plain the

#ivirra La "uinte i3 Jjoined by the Hivieres dmgsin snd des 3ayonnais.



The Riviere La ‘uinte is an intermittent streem through most of
its length, It oarries water only in the rainy senson mnd into the
first pert of the dry season. However, in the lower 8 kilometers of
the streem there is a small perenninl flow that perslsts through the
dry seagon, ‘This flow is sustained prineipally by the discharge of
Sources Rongry (nc. 2) located slong the channel of the stresm =bout one
kilometer upstream from the Tuinte dridge on the Goneives-t.lere road,
Cnr Pedrusnry 16, 1949 the flow nemp the bridge wes estimnted at about
90 1iters per szeconde +¥he flow was measured by the Service des Zsux
ot Forets on ¥ebruary 17, 1937 et 130 liters per second. <These dis-
cherges represent the order of msgnitude of the stream flow in the
middle or latter part of the dry season. The Riviere La 7uinte was
entirely dry upstrean from sources Dongry to the iiviere d'Pnnery during
Januery end rebruary 1949, In the rainy season the #tiviere La Tninte
nay carry dlschorges of sewvorasl cubic reters pey second. A flow of
8/74 cubic meters per second wag measured on November 12, 1924 dy the
Jarvice d'Irrigntion, Cept, des ‘revaux Tubliecs et the fapou Chevalier
bridge nenr les Potesux.

In the lower re-ches of their alluvial valleys and in their courses
agrosa the tionaives 7lain ell of the tributnry stresms of the Riviere
Ia "uinte rre intermittent, They carry water cnly in ths rainy asason
end Aduring the first vers of the dry seeson, In their uprer and middle
couraen the tridbutary sirermg ave rerannisl end earry smsll dry-serson
flows rencinzg fro 3 few ten 40 a fow hundrsd litars per second, Thia
weter 11 a1l dlverted for irrigr4ion in tha alluvisl valleys of these

straermms,



Geology
Jeneral features
The rocks tha$ erop out in and =djagent to the uonaives Ilain belong
to the unper {?) Cretaceocus series of the Cretacsous system, the Eocene
and Cligocene series of the Tortiery aystem, amnd the Pleistocens and
Resent geries of the Tuaternary system. Ths general geclogy of the
Conaives Tlain and of thse adjscent mountain borders is shown in Pigure 2.
The rocks of 4he Gonalves region were disturbed at a numbder of dif-
ferent geologic times dy orogenis movements, ‘“ccording to Woodring, Brown,

and Burbankg/thrae peincipal periods of folding probably affacted the rocks

E/ﬁoodring, ‘endell P., BZrown, John 3., Burbank, 7ildur 3,; Geology of the

Republic of Haiti: XNepudblic of laiti, Uept., of Tublie rorks, ueological
Jurvey of the :tapublic of Taiti, v.331, Port-su-lrinco, 1374,

of the region--ons near the ond of Cratacecus time, ono =t the end of Hooene

time, ond snother near the end of Miocene time. Tach successive movement

involved 211 older rocks,



The structursl dépression occuppied by the Gonaives Plain probebdly

originsted in post—ﬁioceneé/fime by the tilting of crustal blocks along

3
‘/ep. elt., D336

normal frults. ‘This depression is the southern extension of the Trois
Rivieres trough, a narrow grsben that frenda north-northweat from the
nzrth end of the CGonaives Flain to the north coast of Raiti nesr Port-
de~Paixe. The graben i 5 to 8 kilometers wide and sbout 50 kilometers
long, ilong most of 1ts esstern npnd wosterﬁ flanks it is dounded by nore
mal high-engle feults, The foult line which limits the engtern side of
the graben sxtends south into the uonnives region and dies out o faow kilo=
metars south of the mnnery ¥alley., Farther south sre two faults which lie
sn schelon with that of the emst side of the greben. Cne of these i{s on
the southwest side of bayomneis 4idga snd the other is along the north-
e=at flank of the Ssyomnais Velley. (See Fiz.2) Roth of these nre
apparently high-engle normel faults dipping southwest snd along whieh the
northeast block has been unlifted and tilted to the northesst, 1 similap
end psrallel normal feult probsbly lies along the southwest side of the

Morne Urammont dlock which 1ia also $1lted to the northeastif. 211 three

-4-/-6?0 eit. ’ 9.336.

of these frulta Aie out to the southenst and pass banesth the alluvial £111

of the ionaivas “lein $0 the northrest.



The structural depressiocn of the Goneives lain is directly under-
lein by an extensive elluvial £111 deposited by streesms that enter the
plein rfnm nd Jncent mountein aress. Xost of this 111 wna probedly laid
down in Pleistocene and kecent time. &vidently there wers two principal
bycies of filling-an cerlier cycle cof prodable ~leistocene nge and o
lster eycle in uecent time, Follawing Meistocens alluviation the strezms
eut down in their deposits to a level considersbly delow the present sur-
face of the plein. iuring thé enauing ey?le of renewed elluvintion in
Hecent time, the Pleistoeens dencaits in the lower parta of the plain
were covered by the younger depoais. Mowever, in nrotected recesses
along the borders of the plain the leistocene depogits ware left os
fiisgected alluvial fsns or terrncea which lis 5 to 20 meters above the

prosent surfnce of the necent =2lluvium.
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Geologic formations =md their water-besring properties

Craeteceous volesnie rocks

The oldest rocks in the Conaives region are of prodeble upper{?)
Cretaceocus aze 2nd are of extrusive igneous origin. They include mn
extensive seruence of levrs with some pyroclastics that may attsin a

s/ .
thiekness of 1,000 meters or rmore In this regilon. Uost of thase

5/ Ope cit., p. 265.

rocks croprizg ocut in the borders of the Gonaives Flain appear to be
andesites slthough basalts =l30 ogour, Loeslly beds of 1ndure§sd
sgglemernte or tuff nre intercalsted with the lava flows. The arses

of cuterop of uprer{?) Cretaceous rocks observed during the present
study sre shown in Figure 2. FHowever, outcrops of uppér(?) Cretacecs
rocks not obgserved may be present in arera mepped as Fosene espeeially‘
along the souths-stern margin of the plain ~md along the esstern border

6
of the 3avrne Desolse, Ilornblande andesite crops cut in a cut of

_5_;" Cpe oit., p. 278,

the abs=ndcned Consivesz-"nnery r~ilro~d 4 kilo-eters airlins northec~gt
of Les Ioterux, 't this point the andssite i3 in frult contret with
bas-1t which 13 younmer then the nndesite szlthouch alao of upner(?)

7/
Cretaceous "ge. rsgexite s 2 braic ignaeocus roek of disbnale sexture,

_7_/ Cp. c¢it., ». 280,

was nlsc obssrvcd ne~r the besa of » ~rominent conierl knoll about

ons xilometer northerst of Lea iotaenux.

-11-



 The upper{?) Cretasceous sndssites and basalts uith-tha interéalated
pyroclastics are hard dense rocks with few openings through which water
may circulate, Locally small asprings rise from frootures and bedding
planes or from weathored zones where the rocks erop out ?t the surface.
fowevey, gensrally the rocks sppeer to form an impervious basenént on

which younger formations rest,

Eocens linestone
Huﬁting unconfornably on. an rncient erosion surface cut in folded
upper(?) Cretncecus voleenics i{s a thick series of msrine limsatcnes
of urner #ocane sra, fheae rocks form mozt of the hills snd ridges
along the esgtern border of the plain and Yorne Grammont (Fig.2}e In
most plocea the upfer Tocene rocks sre hard, thin-dedded, gr-y snd whi'e
cherty lirmeatones. .locslly, however, mngaive ehalky faeles occur. The

characteriatic upper Zocene forsm Nletyoconus nuilhgeauenqis nennoides
Al

/
“io0dring was collecte&g'at the north end of lorme tirsmriont snd on the

8/0pe cite, De l44e

gouthwest slope of Yorme ilensc. It was alsc found br the writar$ in

liizestonss a% the north end of Bayonneis lidge.



’.Tba upper Zocene limestones mre moderstely soluble in water eakly
sherged with cerbonic scid. Commonly in outerops the rock is pitted
and rrefted dy solution. In many plmces underground percolating weters
have enianeﬂ the joints =nd beddinz planes of the roeck by solution.
These copenings afford passapeg for circulating ground wster. “here
present in the zone of saturntion the 1limestones would probebly vield
moderate to large cuantities of water to wells., Towever, in th@ iills
bordering the plain the upper Tocene limestones ore consideradly dlas-
sectsrd and sre probably rether thorcughly drsinad at least to the level
of the zurface dreainege of the reglion,

Jources ¥edame Uharles, No. 1, 13 a notadle zroup of springa that
isaue from upper “ocene limestones, These aprinrs ars adout 4 killomsters
northeagtvot leg Foteaux =2t the edge of the Mnery Valley., There ere
geversl spring hs&ds.in the group located op o line.about 100 nefars
long. the sprinrs 1ssue from bedding plsneg and joints 1n(th1n~badded
white li-estones, "The spring line is situastad »t the base of a dluf?f
on the west side of the alluvircl volley of the itiviere 4'Znnery. The
totnl disch=rze cf the aprincs waea mergured st 110 liters ner sscond
by th; ervice des Trux at vorets on *ebrurry 18, 1937. “hen viasited
b7 the —rit=rs in Februcry 1549 the flow wea epproximertely the srme,

a0
The tamnersture of the wster 13 267°C,

13



Cligocene limestone
Rocks considersd to be of uprer Oligocene sge form most of the
wagtern border of the uonaives “lain. They 2lso =»ppesr slongz thre
gouthweat‘bﬂse of the &aéair du Yord shere they sre in fault contsct
with urepneaéus or Togane rocks. ilong tﬁe southeastern fl=nk of Yorne
Biensc near uvonaives gsome rocks shown in Figurs 2‘ es Cligocene mey be

Tocene, Chorseteristic upper Yocene fogails were collectedg/ 2% 2 number

9/ 1dem, p. 144.

ofllocalities on the southweat slope of this movntain, Howaver, the

nppef Cligocene forminifera {orynsine nntillen (Cushmnn) and lLepidoeyeline

girendi 4, omuville were roundlg/ on a low hill sbout 4 kilereters northe

1%/ ¢tp, eit., pe 156.

ergt of uvonnives nesr the Lonsives-lort-de~Peix rosd, The upper 0ligo-
cene rocks include thin or massively bedded yellowish-arey merine limestone,
shely li-eatone, liny ssndatore, msrl, snd oreen shole,

The lirestonas of the upner Cligocens serics ghow solution features
gimilay to those of the unrer locens lirmestones, “Surface outcerons are
~ ecrmenly rougtencd by solution, snd in nany nlsces joints and bedding
nlanes haye heen enlrréed by solution of nercolsting waters, These
oponinrg nmy afford considsrsble enpasity for the circulation and storsage
of sround watep. Jecmuse the lirestones ere interbedded with i~pervicus
sﬁa}es md merls, the overensll nermecbility of the uaner Clizocene szries
mey not ha aa srast =3 that of the ujne~ docenc limestones. Mo mlls or

spriozs in uprer Nlizocens rocks were ohaerved durinz the »ressnt study.

14



0lder alluvium

Fleistocene gtremm daposits crop ocut in terrscs remnents and dis-
sected alluvi~l fana slong the borders (Fig.2) of the Conaivas Plain .
and probsbly underlie iegent aliuvium benenth much of the lowlrnde In the
outerop. arses the ?leiafoeena deposits sre cgsontially ooaraa—gq:tnred
poorly-sorted gravels with consideradls admixture of =i11¢ and find sand.
The pebblas snd cobbles in the grﬁvéla are mostly of lime;tOna slthough
‘veaihered basrlt, andegite, =nd diorite pebbles ccour in scsttered ine-.
staices. t the surface the “leistocone devosits are comrmonly erpred dy
cel;cbe, end at lesat the nasr-surfsce p-rts of the deﬁosits rre indurated
by ; ascondsry gerentetion of cnleium carbonafa. Beneath the lowlend are=
of the plsin the Plef{stocene deposits are very similar in physiesl cherse-
ter to the overlying Wecent slluvium except that they nre somewhet rmore
congolidated,

“here conaolidsted or indurated by cerentation the ?ieistocanﬂ
denosits mey have loat n considsrabls part of their origzinsl permes~
B{lity., In other r-gpecta the watar-beoping chareateristics of the

“leistocene dencsits are similesr to those of the Recent =lluviunm.



Younger alluvium

Recent alluvium directly underlies the surface of the Gonaives
Plain as well ag its tributary alluvial valleys (Figs 2)s The alluvium
is made up of intercalated lenses of unconsqlidated clay, silt, sand,
and gravel, It is coarsest textured in the alluvial valleys and in the
areas where the vsneﬁ merge with the 'phinu In these sones the alluvium
is principally gravel and sand with relatively 1ittle clay and silt.
In the central part of the plain clay, silt, sand and gravel appear to be
present in about equal proportions. The Recent alluvium in the lower parts
of the plain near the sea is largely clay, ailt, and sand with only a
little gravel,

The clay and silt facies of the Recent alluvium have very low
permeability and hence have little capacity to yield water to wells or
springs. However, the gravel and sand facies are moderately to highly
permeables To & large degree the permeability of the sands and gravels
is dependent o.. the extent of their sorting by running water. The
coarsest and best sorted gravels were laid down in the channels of the
larger streams. The fine~textured clays, silts, and' fine sands were
depositad from quiet waters in areas adjacen‘t to the stream channels during
floods,

Shallow dug wells indicate that within 15 to 20 meters of the sure
face the Recent alluvium is coarsest textured and best-sorted in that part
of the plain lying between the 30 and 100-meter water-iable con‘ours
shomn in Figure 2. It is believed that in this part of the plain the
Recent alluviwm i8 generally more jiydmeable than elsewhere. The general
characteristics of ground water in the alluvium are discussed beyoxid.

16



Gyround water in the alluvium

The nost Importsnt ground-water body in the Gonaives'Plain occurs
in Reeent alluvisl deposits snd possidbly in similer underlying Ploisto-
cene deposits. This ground-water body is susteined and recharged, 1)
by infiltraticn from streema that enter the pl=in, 2] by seepage from
irrigation in valleys tributary to the plain, 3) by the underflow of
the alluvinl valleys of the larger streams, 4) by direct penetration
from precipitation on the surface of the plain, =nd pos3sidbly 5) by
underground leaksge from water-besring Pogcens or Cligeceens rvrocka. The
prineipal recharge to the ground-wster body probabdbly occurs during the
rainy season ~hen the streams esre in flood and the precipitntion is
greatest on the nlain.

The upper limit of the zone of saturation in the elluvium of the
plain is marked by a water teble whose position, shepe, rnd slope in
February 194% ore shown in sigure 2 by mesns of 10-meter contours re-
ferred to sea level, 'In gensral the =ater table slopes southwestwnrd
from the north end of the plain to Connives Day with a arndient spproxi-
mately parsllel to thet of the lrnd surfece, Likewise in each alluviel
velley tributery to the plain the water iadble alopeg downvalley until
it merzes with the wator table ot the plain.

“ater recoived in the -one of aaturation by infiltration from the
purface or from other zources rnoves down-rredient nlonsm the slone of the
yater trble., “atep is discharsed frem the rone of saturstien, 1) by
avancration ocr by tr~nspiration of nlents where the wrter toble 15 at or
nenar thn xurfrer, ?) by rines sbove 3ea level, =nd 3) by subnmorine

arrinss,
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Evaporation from the zone of saturation occurs where the water
table ig =2t the surface or the cepillary fringe extends to the surface. At
least in the dry seagon séch evaporation sppesrs to d»s concentrated princi-
pelly in ¢thet erea of the plarin lying less than 5 meters sbove sea level,
During the wet season with the rise of the water tablevtha ares of evapo-
ration extends to cher parts of the plain, uround-water discherge by trans-~
pirstion oecurs wherever the roots of phrestophytic plants reach tha water
tsble or ihe capillary fringe, Considerable narts of the central mnd
coagtal srens of the plain o2re overgrown with~thickets of S;yahbnde, é
thorny leguminous tree resembling .merican mes~uife. Theses troes togather
with other nhreatorhytic plants evidently trsnapire larre qusntities of
water from the zone of assturation egpeeinlly during the dry season.
Ground-water diascharge by 3pr1nés tekes nlace chiefly slong the chene

nels of the Kriviere Ia duinte and i%s tributaries. ouch sprinss occur where
the wetey table in the alluvium {3 i{ntersected Dy a atrsam channel or other
depressions, 7ith the exeeptioﬁ of Sources Bongry (No.Z2) a1l such springs
are of f{emnorary char-cter. They flocw only during the roiny senson and
the first pert of tte dry nenson when the water tedls riases »nd intersects
the atreem chennelse. .‘hon the water tndble declinasg in the dry sesson the
sprines co dry. . typical exrrmle 13 Source Fsrchand (No. 55) in the chennd
of the Hiviere L2 "uintes tThis apring ig reported toc flow a few tans of
liters rer zecend in the rainy sengon. Towever, when vigited by the writers
on Tebmrry 16, 1942 the snrines wra not flowing and the weter toble wag
about 7, reger holow tha atresm channel at the aprineg “esd, svidensly in
very vainy yeors the flow of this anrinz mmy rersist throush mozt if not all
of the dry ~erscn. Cn Pebrurry 10, 1357 epparently Sollowing -n excentionrlly
rainy =t seagon ths Tlow of the anring -a3 meamured at 20 litera poy recend

by the ‘arvice daa Tsux % Forets.
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Sources Bongry,(lloe. 2) are spparently the only imvortant pereanisl
springs thnt rise from the alluvium of the Goneives Plain, There nre thres
principel apring heads in the group located slong the chsnnel of the Riviere
La <uinte sbout one kilcmeter upstresm from the fhiﬁta bridge of the Conaives-
3%, larc road, The springs issue from sand and grevel in smell rocesses a-
long the banks of the stream snd sbout 2 meters below the genersl land sur-
face. The total flow of ths gprings on February 16, 1949 nasr the "uinte
bridre was cstimated at 90 liters ner second. At the same place ﬁhe flow
wes measured by the service des Teux et Yorets at 130 liters per second on
Febru~ry 17, 1937, These dischnarges represent the megnitude of the dry-
season flow of the aprines. The ret-gesson flow 13 rejnorted to be ruch greatsr.

Yormarly there were a number of perennizal arprings end swampy tracts
in the vicinity of Gonaives and in the srea 1 to 2 kllometers northeast of
the city., Thege =re now controlled by 4wo systens of open drninnge ditches
consztructed by the lervice Cooperatif Inter-’'mericain de la Jante Mublinue.
Cns cf thesa systems emptiez into Conaives Bay just north of the city. Its
total dlschsrpe on Kebruary 17, 1949 wnas estimzted by the writers at nsbout
79 litsrs per seconds The seccnd system Dagses through the city nnd flows
into tConeives harbor. The dischorsze isa spproxinntely 23 liters ner second on
Februnry 17. The discharses of both of these drerinene systems increnses
markedly with the rise of the water tsble in the wet seascon.

A general seepege from the zons of ssturrtion slso occurs in the
tidz2]l flats along the shore of ZGonaives Bay. !iround-water dischar-e naoy

8lzo o~eur in submerine aprineg near the alye of Gonaivns 3ay.



During the present study data on the depth to water ~nd the charscter
of the water-dearing materials in the alluvium wvere obtained for some 60
typicnal wella scattered over the Uonmives "lain, The depths to water in indi-
viduel wells in Februsry 1249 are shown in Figure £, Practically all of thece
walls taphwater in unconsolidated or semi-consolidnted send =nd/or gravel 1;
tha 2llunvium, The depth to water measured in %t ese wells rangea fron 0,30
meters to 17.60 mefers below theilpnd surface, The weriter teble in the al-
luvium of the fGonnives “lein ia preetienlly everywhere within 20 meters of
the 1 nd surfsce and generally is less then 15 meters below the surface. ‘the
deepest wnter levals occur along the mergins of the plaln whers the surface
of theo alluvium is high.

The water level in wells in the =lluvium fluctustes zensonally-being
higkest during the latter part of the rainy season rnd lowsnst ne=r tha end
of the dry semscn. ‘These chenges eppesr t0 be rraatest in wells 3ituatﬁd
nesy the Riviere La “uinte and its prineipal tridutariss. ~ror exsmple in
well 3, the water level has beon observed to move throush a ronce of sbout
4 meters during the yesr, In wells more distant from the stresm cheonnels
compareble changes 1in weter laovel smount to nbout 0,5 to 2 meters during
the yasr., These fluctuations in the sater table reflect se-sonsl chances in
the emount of water stored in the gzone of anturation. In the rainy season
recharze excerds diaschsr~e snd the water tabls rises, but in the 4ry seeson
digchrrra exnaesds Techarre nnd the water 4nble declines.

The ground watnr st langt In the ghellor wynterwhenring beds of the
slluvium 13 cenerrlly notable »nd of efond chemicenl ~uality. lowasver, in =
amall rras extanding inlsnd 1 $o ° “ilomntarsg from Sonaives ay $%e ghellow
around watapr 11 ceneprelly brackishs The inirqnd linit of the breckish prcund
mter 1achown in Fizvre 2. The 3hz21low sround nter in the ~res anat :f  orne

Trammont 13 =lsc brackiszh in nl=ces,.



Cround wster in bedrock formations

The alluvium of the Coneives Plain probsbly rests on a8 bedrock
floor of Yocens and Cligocene rocks =2nd in places on Uretaceous rocks.
Sufficient dnta ware not sveilable fcr the present study %o racertain
definitely the water-berring charscter of these rocks or the prasence or
abgence of productive aruifers since ncne of the existing wells in the
plain penetrates through the slluvium. The Cretacecus rocks nare manifestly
unfavorable, but scme of the cavernous Cligocene and Bocene limegtones
should nrcve to be good amifers where prazent in the zcne of anturstion.

It i3 reported thst adbout 1940-42, tha J. G, 7hite Wngineering
Company drilled a number of test wells {in the Conmives Flain to depths
ranging from about 100 $o0 200 meters. lowever, $he well logs and other
hydrolozie dsta from this drilling have be:n eithar lost or misplaced end
wers not availaﬁle tor the present study. ’ccording to » reporg of Ur.
Tddy Y. Bor)esson, a former envloyse of the compeny, the test wells en-
countered eaither improductive strata or salt-water aquifers in the bedrock
formations, Moreover, the weter-bhoaring beds in the alluvium encountered
by the test wells wore gonsidered by the driller to he more productive then eny

found 1in tha underlying bedrock,
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Utilizetion of ground water

The ground w2ter in the nlluvium of the Oonaives Tlain has besn
develoned extensively for domestic and stock purposes n~nd to limited
extent for irrigation, It is eatimsted thet there may ba £CO or more
shallow duz =ells used for stoeck and demeatic purposes in ths plain. ‘The
wells shoom in Pigure 2 ars tynicsl. 3Seldon do these dug wells extend
#ore than one of 2 maters delow the lowest stage of the wator ¢sbhle. Yoat
of the wella sre open and‘uncurbed and “ence 2re resdily subject o pol-
lution B+ gsurfsce dreinsre and gseepasae, %Mone of the duz domestic or
stock wells 1a emuipped with 8 mechsnie=l pump. A simple hond line with
bucket iz generslly uged for drrmeing up waters

‘Thers ore ap:arantly only two existing drilled 'wells in the nlain.
7ell 1 13 located about 3-1/2 kilometers northesst of Uonnives on the
yeronville plaontetion, rthe well ig reported to have a d=pth of sbout 25
matars = all of which i3 in sllunium, The principal watar-bearing bed is
in sand Hné aravel. The well i3 enuipned with n 6-inch Johnson turbine
pump and yields sbout 15 liters per s=cond. ‘the static snd pumping wnter
lovels nre not known because tre well herd 13 aeslad., 'the water hna n
temperature of r90%;, and hes = very good teata, The well wrs dprilled by
the J. G. ‘hite Cos nbout 1941, It hes since been uased from time to tinme

for irrir-tion although at »Hresent 1t is 1dlo.
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Well 2 a% the Uapou Chevmlisr dDridge over the RNiviers La Quinte
18 located nbout 7-1!3.kilomotara northenst of Conaives. The well has a
14-1nch’essing which 1s now csppad at the surface by a steel slago; It
1s reported that ths well is sbout 5 metors desp mpd thet the yrineipel
water-bearing stratum is in grevel near the bottome. 7The static water lsvel
13 reportadly sbout one meter below the surfece., The well was also drilled
by the 7. 0. 7hite Co. im 1941. At the time it wss put dowm s yleld of
adbout 60 litars per second was obtsined with a pump, However, the well was

never put into use,.

23



Cround vatér for irrigetion has deen developsd from shallow dug
wells and a trench at three places (wells 19, 20 and 29) on the Baysrd
property about 2-1/2 kilometers e=st of Gonaives, ¢t site 1§ ore 3 dug
uncurhed wells 4,50 to 4./60 meters deep £nd spaced in line about 4 metars
apart, The wells sre interconnected st the botgom with a 6~inch pipe line
and are pumved as a unit. The static water level was 2.30 meters below
the surface when the installetion was visited in Februsry 1949, A similar
battery of wells hoa bdeen constructed at 3ite 59, Tere are 3 dug wells
which are esch 2 reters in dismeter and spsced on line 4 moters apert,

The wells ranre from 3,40 t0 4,10 reters deop and the ststic water level

18 2,00 reters bolow the land surface. The wells sre interconnacted by

a B-inch pipe &t the bottoms “t site 20 a rectangular uncurbsd pit with
dimensicns of 3 x 4 metars has baen dug to a depth of 4,50 meters. The
static water level in the pit was 2,70 meters below the surface when ob-
served. ‘the pit is connected to an open trench 3 meters deep =nd about 200
meters lonz. Then the weter level in the pit i{s drewn down by pumping the
trenc™ dizcharces into the pit »t about 3 liters per seeond, The sustalned
enapacity of the pit and trench during pumping does not spnear to be much
more thsan ~hout 5 liters ner second, ‘11 of the three 1n3talla£ions. that
iz, 721llg 19, 70 and 29 rre “umped with the game n~ortsble 4-inch centrifucel
numn Thich i3 nowvered by a grsoline motore. The ylelds obtnined at wells 19
end 29 vere not obsrrvad.

The pita sand trench at all three installations =re duz in relatively
tight =~1il% or clsy containing only » fow thin strasks of water-bearinsg asmd.
“he wit nt “o. 20 svidently onters a for centimeters into vater-bearing aend
and ar-vel =t the bottom, but the renstration 13 nod suffielent to develop
the str-tum. The rields now odtained a2t all thres inntallstions conld be ine
croasad by deepening the wells until they r=nesrate one or nowe heds of nro-

quetive wnter-be-ring snnd and ‘or srsvel.
24



Conclusions
#ith the sxoception of the few wells previcusly dezcribed ground
water in the Gonalves Plain is not utilized for irrigation. The resulta
of the present study indicate thrt ground weter in quentity sufficient for
irrigation can be obtsained from the alluvium by grevity from infiltration

génerias or developed springs and by punping from drilled or dug wells,

25



Infiltration gallerics snd developed sprinzs

‘the water teble in the alluvium cf the Uonsives Flain hrs a rela-
tively ateep grndient espeeially in the northern part of the plain,
This condition suggests the possidbility of developing ground water for
irrigation by grovity from infiltraetion galleries. The most fnvoredble
aites for the construction of such gslleriss would de in those places
where the water %tabloe f{s nesr thehsurface snd where the nenr-surface
water-benring strata are permeable, The stretch of the channel of the
Riviere La Quinte between ;source Yarchend (No.55) snd the “‘apou Chevalier
bridge i3 fevorable for the construction of such a gmllery, lorsover,
the atream channel at Jouree iiarchand itself seema to be a good locm-
tion. Mere the water table at its low or dryeseason lles within mbount
one to 7 metera of the surfnee of the channel, The watar-be:ring mntarial
a2t this point 1is co¥rso permeﬁble grevel. ‘n infiltrstion wallery could
be eonitructed here 1) by 4ronching to a depth of 2 fow meters below the
low or dry-aesson staze of the water ¢tadblae, nnd 2) by laying perforated
conereta or metei niping in thes bottom of the trench and beek £11ling.
“ater collacted by the gallery could be led by pravity from the perfora-
te2d pilne zection of the trench into a sinilnr blank pipe and brousht up to
the general lond surfaca of the nlain on ~ gradient asomewhat flatter then
that of ‘he water table. Cnce at the land -urface the water could be led
to irrigated londs through open ditches., L1 i3 eatimated thnt » ~ravity
supply of the order of a “ew teng of liders =nar second cculd he devsloped
in %his wmenner by =n infiltr=tion gallery pérhaps 50 to 100 mesers lons.
Cf courae such a rallery would heve 30 de conatrusted in the 3iry iesson

t0 avcld docare from wet-genaon {locdg in the river.
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The only nermanent soprinas in the plein susceptidble of develonment
are Sources lonzry (No. 2). The dry-sonson flow of ghﬂ strean f=d hy
these springa is used only for domestic and stock water which nould also
ba resdily obtsined from nesrbdy dug wells, ‘fhe noma2l dry-senaon flow of
approxin~tely $0 to 130 liters per second i3 now oazentislly weeted. By
means of & simple diversion dem sbout 2 rmeters high this water coﬁld be
diverted into disches for irrigntion. 'uch B dem could be conatm™eted
at any suitable location downatraam from the principsl spring haeds,

The dry-saason flow of the stream would probably be considerably in-
ereased by cleaninz the apring hesda of sruatie vemetation »nd other

debris.

Orilled wells
e two existing drilled wells (Nos. 1 ond 2) in the Uonsives
Tlain indicate thnet watepr supslies in éuantity sufficlient for irrizo-
tion o~n Hn developed from wells of moderate depth drilled into the
alluvium, ‘901l 1 7ields about 13 litsrs ner seeond and well 2 hes ré-
nertedly nreduced ~bout 60 1i%ers ver g2meond., Zoth ells =re epnroxi-

metaly 5 metars deep.



It is belisvad that yields of the same order of msgnitude could
bs obtained from properly comstructed wells of comparable depsh in
other perts of the plain. Nowever, the sress lying 1l)between the 10~
neter water-tabls contour (Pig. 2) and Conaives Bay esnd 2) enst and
east-northeast of Yorne Crammont ney not genevrally be favorsble, In
these are2s the alluviuvm is probably either fine-texturad and of low
permeshility or the ground water {a of poor chemic-l ruslity. *The
present geologic ntudj indicates that the ares lying between the 30 ~nd 100=-
meter contours {Tig. 2] ia the moat fevoreble zons in the nlain for
ground water develovment by drillad wells. 1Tn this srea the =lluvium
econtsins one or more brds of nermeshble -wnter-henring srevel ~nd/or a=md.
It is believad that yierlds of 1C to 50 1iters per seccnd could he ob=-
tainsd by numping from simpla wells 4drilled to denths of about 75 “o 43
meters in this aren.

Bafore large production -ells s2re nut dowm some =dditicnsl
test drillins would be desirsbls to dstermine the position, thickness end
physicel charscter of the agquifers rmd the chemiosl quality of the water
at different nlrces in the plains The data 30 obt-in=d should he T
fully tabulated mnd pracerved for reference. JSusgested loentiona for
teat drilling ore in the seneral vicinity of domestic wells 55,40, 47,
end 58 (Fig. 2)« Tost wells drilled to denths of about 40 +0 80 ~etors
at these loesticna should ba aderusta o nrove the water-herrins ahapne-
teristies of equifers in the 2lluviun. vrilline $o rrecter denth doeg
not anneer worthwhile in view of the nesstive resulis obi-ined be tre

Te e thite 20e by Arilline in%o the bedreclk formaticns,
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Dug Jells

The economie resouress of the aversge individunl farmer 1nkthe
foneives ?1ain afa far from sufficient to cover the cost of n deap
drilled well eauipped with rower pume or sven the coats of operation
and maintennnoe of the pumpe. This fype of around-water develoment
apnoars limited to coopernatives o~ to larre land owners,

The avearaze individurl holdins in the nlsin is only » few heetnres,
At least consldersble perts of these lands eould be {rrigeted At no zrant
expense by windmill rumrs placed over shnllow duz wellse. ‘ater sufficient
in rurntity to zustain the capaec!ity of » windmi{ll noull h2 obtainsd
resdily from dug wells lso: $han 20 metors deep in the alluvium. The
current cost for dlgzins =n open, uncurbed well in the plain rmmrea fron
sbout 60 to 20 centa ner meter. toreover, in the dry -emgon when water
is nost needed there is m alneat ccnsten? movement of the northueass treade
winds scress the »laln. Thus sufficient mctive Zorce i provided for
windnillse If sufficient surfece astoreae ckpﬂcity i3 nrovided far the
wat-P pumped, 1 to 2 lectnres of lend could he reslily irris-ted from
one wirdmille. It 13 beliaved thrd o-nepimentntion in irricasion Srom
windmilla -:ould be worthwhile at Crp-ors® ccenerstives such 1 thrg »%

“Tahedou.
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