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Intradaetion

Alout 300 ke zouth of Cuidad Bolivar and the Orinoce River lies
Venesmela's Gran Sabana. 11 is a vaslh upland suprounded by the Pre-
eambrian rocks of the Guana Shield. The bedrock s the Boraima
Cuartzite reeenthy shown to be of lower Proterszoic Age (L7 mav) by
Snelling (183). At the center nf the upland is Mount Auynn-Tepui,
a table monotain of quarkaile pising Lo an elevation of 1,000 maeters
above Lhe surrounding Sabano, The entiee area has a mesa and butle
topography with mesas ranging in size from a fruction of a square
kilometer Lo perbaps 15 ko 2 The anmuaal eainfall on the Sabina s re-
ported to be LODO o, But the tops of The lugh mesas may receive
as maeh as 7500 mm. The climate s humid and bot with allernaling
woet and dev periads. The geoleey of the area has been deseribed by
Lopex el al. (1542),

[n ouderop the Boratma Ouoelzile sppears as a red, mediom-
eratned sandstone, often deeply weathered on the surfoee, Beoeath
W weathered zone, it iz often nearly white and very well conented.
The peleawraphic microseope shows WUie eock Lo e an arlhaquartzite
beeoming loeally arkozic with aboot 5% feldspare, The graims aee woll-
vaunded, cemented with quartz, and elten have gquarls overgrowths,
The rock breaks with a eonclhinidal Tracture, apparently neross the
friin.
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Field work Tor this paperwas done in connection with grneral geolog-
ieal sbuadies in the area in the summer of 1955, Observations reporled
lere were wade in that parl of the Subana immediately surronnding
the village of Canaima on the Carran River.

Karst Fealures

Weolhering of the Roraima Chioelzile has produced a number of
srall-seale surface features which superlicially rescinble Earst frabnres
developed vmoa limestone topography. Hecent dizeussions of kaest
development on granite (Klaer, 1357 Rasmussan, 19507 Wojeik,
L31) have focnsed altention on selutional weathering in less-solulle
rocks. 1 is thos of interest Lo invesligate o poesible karst on quartzile,
The nomenelaturs follows more or less the suggeslions of Bogl (1960,

Karren: Tops of mezas and butles ave freguently surfaced with
small pits [Trttkareen) and gronves and intermediate ridges {Hinnen-
Larrend, The reliel of groove to ridge is aboul 2% to 50 co, The pits
are gently eoneave; the ridges aee sinoathly rounded, not jageed like
Eeopieal karren in limestone.

Fhuftkareen: The top of & small butle near Canaima az o flattish
top which slopes about 107 following the dip of the east flank of the
Carrao syneline. Cutling aceoss this surface from one vioy to Lhe olher
are a number of crevices, They are skewed to botl dip and strike and
appear to be steongly joint eontrolled, An average erevien is 3 Lo
3 elers wide and perhaps 3 melers deep. The walls are very stoep
and in pluces ave cempletely verticul, The bottom is vsually swampy
and may conlain small puddles of water, The bettom has a divide in
the raddle feom which water draing in bolli directions Lo the rim ol
the butle, After heavy rains the bultes of the Canaima regon spurt
numersus 300-meter high waterfalls which issue [rom the ends of
these crevices, Tate (TH38) presents o number of photogeaphs of fea-
tures an the summil of Auvan-Tepw? showing deop canyons and erey-
ires thal appear to be of similar origing Again joinls seem Lo be the
conleolling factor.

Shafts and similar features: Walls of elifs with aclive waterfalls
somelimes show & verlical coneave cylindrical depreession with an out-
line remarkably sunilar to a vertical shaft o himestone, The mast
spectarnlar of these is thal of Angel Falls. Behind Lhe watecdall iz a
hall-shaft nearly 1,000 meters high. 18 was seen from an aplane only
anid could net be examined in delail.

Foasibility of caves: If tie surface features are a genuine karst then
the possihility should exist for solution caves m quarlzite. None were
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observed in the lower bulles and valleys where weathering is not 2o
intense, but the riem of Auyvan-Tepuiwhoere weathering is al o maximum
bears definate possibilities. Many «f the waterfalls pour from crevicss
up to 30 meters below Lhe vim but these arve probably just decp nareow
canvens, One small fall, however, was observed spurling Team the
gquartzite clifl ab the contact hetween the “A™ and Y5 members of
the Beraima some 250 meters below the rim and 750 welers aboyve
the valley Nooe, No crevics was visible and it appears to bhe the tere
wimuz af a trae sublerranean deainage Lube in the quactzite,

Evidenes fur Solulivnal Origin

The liesl evidence fop a soletional nrigin ferthe land forms 15 derived
feam the peleography of Lhe Roraima Coartzite. Thin seolions of the
weathered gone show that there has been s considerable amounl of
conyersion of quartz to apal, In addition the wall of a small fssure
vave discovered in Lhe ridge above Canaima had a thin eoating of apal
lowstone providing further evidence [or the selution and Jater pede-
pozition of silica. Detailed descriptions of two represenlolive speci-
mens are given below:

Specimen Noo L

Location: Quterop ab lower end of Mayupa Rapids on the Carrag
River. “I" member of the Roaima geries.

Hand Specimen Deseription: Grey lne-grained very dense quarlzile,
Concoidal fracture. Prominent weathered border with thin hematite
stained gone next to the fresl rock.

Microscopic Desceiption: Texture: Particle size range 0.2 to 003 mm,
Mo vigible bedding, Grain sphericity — faie, Grain roundpess — execl-
lent. Alteration: Intenze weathering, Mineral composition: Pri-
mary — quartz; alteration products - chaleedony and opal; introduced
minerals — hematite, Cemenlation: Authigenie overgrowlhs on
quartz grains. Alteration processes: Alteration of bolh aulhigenic
avergrowths and quartez grains to epal with some erystallization of
Lhe vpal as chaleedony. Hematile occurs mostly as a eoating aronnd
grain murging in areas already well altered. The inner zone (zeem-
ingly wunaltered in hand zpecimen) shows some alteration Lo opal
and chaleedony while in the weathered zone the individual grains
are almost completely detached and allered to opal with very little
ehaleadony.
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Specimen Noo 2

Laeatinn: Outerop in o small fissure cave along a joint on the ridge
just east of Canaima. “TF" member of the Boraima series,

Hand Specimen Deseriplion: Brown, fine-grained, dense quartzite
witl a coating of white-grey flowslone which formes some rudimen-
tary stalaclites.

Mirroscopic Deseriplion: Texture: Particle size range (L2 to L5 mm,
Sore alignment, of prismatic grains. Sphericity — fair. Grain round-
ness — fair. Flowstone very delicately banded. Alferation: Intenss
weathering, Mineral composition: Primary — quartz, 95%,; feldspar
fmicrocline and andesine), 5%, Secondury — opal and chaleedony.
Flowstone iz of apal. Introdueed — hematito.

The basic mechanizm of gilica solution geems to be hvdration of
quartz o opal and leaching of the resulting gel, Several cases of
Lonlders with indurated exteriors underlain by o mush of grains of
¢quarts and chaleedony were noted, The hardened exterior is formed
of grains of the same composition well-cemented iy opal.

Fig. 1. Rinnenkarenn in quartzite in the Careao Liver Valley at phoul
1,004 melers clevation,

Favidenee for the solutional arigin of the kareen is ulso provided by
their distrilution in elevation, In Lhe valley floers karren aee lioled
to zmall pits und grooves with a relied of only o lew centimeters (g 1)
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Chi Lhe tops of intermediate Buttes 3000 to 500 meters above Lhe valley,
Lhe relied of the kareen is of Lhe order of a few meters. The uppermost
AT member of the Boraima Cuactzile outeropping along the vim of
Auvvan-Tepm waz abserved Trom an airpline Lo be cul inlo jagged
pinacles wille o reliel of tens of meters. The rainfall increases with
clevation frow aboul LOOD oo, al the 1M0-meler elevation of the
wallew flooe o 7500 men. ab Lhe 2000-meter elevation of the monniain
summil, Thuz solutional aclion apparently increases with inereasing
precipibibion,

Mechanism of Solution

Perhaps Lhe most important. question coneerns the solubilily of
silica under Leopical weathering conditions. Wranskopt (1956} lus
studied the solubility of 510, under various conditions. The peimary
[wetor vonleolling 310, solubility 3s temperature, with pH plaving a
minor tole up Lo pIT 89, The solulility of amorphoue silica is 100 ppi,
al 257 (L and reaches 400 ppo st Lhe boiling point of water - a value
exeepding the solubility of culeite. However, Lhese data are for amaor-
phous silica; The zobubility of ervatalline quartz is about 14 ppm. Other
authors such as Morey el al, (1962) plage the equilibrinm solubility of
quartz at the much lower value of 6 ppm. However, Morey et al. note
that it is prgsible o Torm supersatueated solulions of quartz with con-
centrations as high as 395 ppm, at 257 0. by agitatiog quarlz-waler
mixtures for 370 duys,

Tt can be seen that the solution of quarls would he a slow proeess,
but il the tropical elimate can weather quartz to opal then solution of
ppal would take place nearly as quickly as limestone dissolves in Lem-
perate elimates. The eritieal tactor ay be the nalure of the weather
in the Grean Sabana. The rock hias o dark surface and early forenonn
sunshine from a elear sky will eaize the surlaee teiperature of Lhe
rivcles Lo perhaps 407 1o 507 G Araund 20 00 WML the sky elouds over
very oquirkly and rain pours torrentisdly onto the Lot surface. The
armaunt of suefaee laver diszolved under these conditions may be quite
high. Water snaking into the porous outer eenst could activale the
weabhering process bul subsequent evaporeation of the water would
leave the silica behind. Only the onter loyers of the crust would be
carried off 10 solution in ecach subzequent rainfoll

The nevessiby for exleensg surface weathering offers an explanalion
for the lack of subsurface karst development, Ooly oo exposure to
teopical wealhering canditionz would rapid conversion of quarlz to
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opal take place. Tnside the quartzite mass the solubiliby remaing Tow
and cavern development would nnt usnally tale place,

However, the pelrographic and chemical pvidence iz such that u
sohlli{mal npigin of the observed landforms seems feasible. Thus the
tertn “quarlzile karsl’ i3 coreectly applied.
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ABSTRACT

Minoe weathering Ierms on the Roraima Choartzite in the Carrao [iver
Basin of Svulheastern Vencunela have the appearance of the karren that
form on lmestane surfaces in karsl beerains, Climatalogical and cliemical
evidenee nddicates that these forms were genvrated by oa solutienal mecha-
sty aned Ll Wis area this exbibits o miner karst topogeaphy on quarkeite,

RESUMT

Lre petites Feemes d'eenzion sur Jes Quartzites de Roraimn dans Te Bazsin
die Carrao, au Sud-Oussl do Vindzuela, ont Papparcnce des lapiaz qui
paissent zor I caleaire des rogions karstigues. Des ohaervations climatiques e
chimipaes ndliquent que ces formes sont dues &des méeanismies de mise en
salution, el que celle région nons montre wne microtopographie karstigurn
sur quartzite.
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