
Sedimentary Geology, 85 (1993) 157-169 157 

Elsevier Science Publishers B.V., Amste rdam 

Morphology and sedimentation in Caribbean montane streams" 
examples from Jamaica and Puerto Rico 

Raf t  A h m a d  ~, F.N.  Sca t ena  b and  Avijit  G u p t a  c 

Department of Geology, Unit'ersity of the West Indies, Kingston 7. Jamaica 
h Institute of Tropical Forestry, Call Box 25000, Rio Piedras, Puerto Rico 00928-2500, USA 

Department of Geography, National Unit,ersity of Singapore, Singapore 0511 

Received June 30, 1992; revised version accepted December  7, 1992 

A B S T R A C T  

Ahmad,  R., Scatena, F.N. and Gupta,  A., 1993. Morphology and sedimentat ion in Caribbean montane  streams: examples 
from Jamaica and Puerto Rico. In: C.R. Fielding (Editor), Current  Research in Fluvial Sedimentology. Sediment.  Geol., 
85: 157-169. 

This paper presents  a summary description of the morphology, sedimentation,  and behaviour of the montane  streams of 
eastern Jamaica and eastern Puerto Rico. The area is located within a 200 km wide seismically active zone of Neogene 
left-lateral strike-slip deformation which defines the plate boundary between the Caribbean and North American Plates. 
Tropical storms, occasionally s t rengthening up to hurricane force, affect the region periodically. This is an area of steep, 
mass-movement-scarred hillslopes which supply a large amount  of coarse sediment  to the rivers. From the description 
presented,  we have constructed a model for the rivers of this region controlled by both neotectonics and periodic large 
floods. 

The drainage density is low with a near-rectangular  s t ream network. The gradients are steep with boulder accumulations 
in the channels,  their location at t imes related to the presence of large past landslides on hillslopes. Narrow, steep and 
confined channels  occur in the mountains,  but in wider sections and lower down near coastal plains, flood depositional 
forms appear  in coarse valley alluvium. Small-scale deviations from the general pattern occur locally, controlled by variations 
in lithology, neotectonism, seasonality in flow, etc. This model for Caribbean montane  s treams differs considerably from the 
s tandard descriptions of alluvial rivers for which a number  of detailed studies are available. 

Introduction 

The montane streams of the Greater  Antilles 
group of Caribbean islands share several morpho- 
logical characteristics. In their headwaters, they 
flow in narrow valleys, have steep gradients, and 
transport and deposit coarse sediment including 
boulders. At lower elevations, multiple channels 
and depositional surfaces occur at various levels 
within the valley floor. In this paper we suggest 
that such characteristic forms and behaviour oc- 
cur regionally due to the combination of several 

Correspondence to: A. Gupta,  Depar tment  of Geography, 

National University of Singapore, Singapore 0511. 

geographical factors. Located near the northern 
boundary of the Caribbean Plate between 17°30'N 
and 23°15'N latitudes, this is an area of geologi- 
cally controlled valley alignments, steep hillsides. 
frequent mass movements, high annual precipita- 
tion, and periodic short-duration high-magnitude 
rainfall from various types of tropical storms 
which may reach hurricane force. The location is 
the prime factor behind the form and behaviour 
of the channels. 

The standard geomorphic and sedimentologi- 
cal models were not designed for such streams. 
Here we present a conceptual model for stream 
morphology, sedimentation, and behaviour, using 
examples from the streams of the Blue Moun- 
tains of eastern Jamaica and the Luquillo Moun- 
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tains of eastern Puerto Rico (Fig. 1). Apart  from 
data collected in the field, we use existing hydro- 
logical and sedimentological information on sev- 
eral of these streams. The published literature 
contains descriptions of two of the Jamaican rivers 
(Gupta, 1975); a headwater drainage system in 
Puerto Rico (Scatena, 1989); the effect of a re- 
cent hurricane on drainage in eastern Puerto 
Rico (Scatena and Larsen, 1991); and numerous 
studies of mass movements on these slopes. After 
setting up a regional model, we show several 
cases of small-scale deviation from the norm. 
Such deviations are based on local variations in 
lithology, neotectonism, hurricane frequency, lan- 
duse, and time elapsed since the inception of the 
valleys. The final stream channel reflects both the 
regional norm and any deviation superimposed 

on it. 

The study area 

Located within a 200 km wide seismically ac- 
tive zone of Neogene left-lateral strike-slip defor- 
mation that defines the plate boundary between 
the Caribbean and North American Plates (Fig. 
2), this is an area of neotectonically controlled 
landforms (Mann et al., 1990). Landforms within 
strike-slip plate boundaries are currently at- 
tributed to oblique-slip extensional (transtension) 

or compressional (transpression) movements 
(Harland, 1971; Sanderson and Marchini, 1984; 
Mann et al., 1990). For example, transpression 
leads to uplift, manifested by mountains with 
steep dip-slip faults and a complex pattern of 
block faulting (Mann et al., 1985). The mountains 
of eastern Jamaica and Puerto Rico display land- 
forms and drainage related to periodic tectonic 

movements. 
The mountain areas at the eastern end of both 

islands are very similar. Running east-west,  the 
mountain ranges rise abruptly from narrow fring- 
ing coastal plains. Several alluvial fans soften the 
break in slope between the mountains and plains. 
The Blue Mountains (Jamaica) are heavily 
faulted, and are mainly composed of volcanic 
rock, conglomerate, alternating sandstone and 
shale, and limestone of Cre taceous-Eocene  age. 
The hillslopes are steep, often between 20 ° and 
30 °, and the relief between the ridge crests and 
the valley bottoms is from 450 to 600 m. The area 
receives from 760 to 6500 mm of rain each year, 
with a dry season between December and April 
on the southern slopes. Apart from patches of 
remnant forest, the slopes are covered by scat- 
tered trees, scrub or coffee bushes. 

Most of the eastern mountains of Puerto Rico 
are under the Luquillo Experimental Forest 
(LEF). Cretaceous marine-deposited andesitic to 
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Fig. 2. Simplified tectonic map of the eastern and central sections of the boundary between the Caribbean (CARIB) and North 

American (NOAM) plates, after Mann et al., 1990 and Pindell and Barrett, 1990. 



basal t ic  volcanic las t ics  (Seiders ,  1971) are  the  

d o m i n a n t  count ry  rock  with a Pa l eocene  q u a r t z -  

d ior i te  intrusive body  occur r ing  towards  the 

southeas t .  The  cent ra l  r ange  with the highest  

peak  at 1340 m is f l anked  by a 8 - 1 6  km wide 

coas ta l  plain.  The  annua l  ra infal l  ranges  f rom 760 

to over  5000 m m  d e p e n d i n g  on e leva t ion  and  

aspec t  (Brown et  al., 1983). A l t h o u g h  no  month  is 

dry, May,  Oc tober ,  and  N o v e m b e r  are  par t icu-  

larly wet. As  in the  Blue Moun ta in s  of  Jamaica ,  

t ropica l  s torms and hu r r i canes  occur  per iodica l ly .  

Tropical s torms and hurricanes" 

Between  1886 and  1968, J ama ica  and Pue r to  

Rico e x p e r i e n c e d  45 and  35 t ropica l  s torms,  re- 

spect ively  (Alaka ,  1976, fig. 1). F o r  Jamaica ,  using 

a Poisson d i s t r ibu t ion  funct ion,  the  p robabi l i ty  o l  

a hu r r i cane  affect ing the is land in any given year  

is 0.27. Coun t ing  di rec t  hits only (16 since 1871) 

the  probabi l i ty  is 0.14 ( O D P  and W M O ,  1988), 

Fo r  Puer to  Rico  the re turn  pe r iod  is .21 years 

(Salivia,  1972) which gives a probabi l i ty  ol  0.047 

in any given year.  Hur r i cane  frequency,  howcvcr.  

is not  uni formly d is t r ibu ted .  More  hur r icanes  

came to J ama ica  in the  two decades  I910-1911* 

and 1930-1939,  n ine  for each  per iod .  Since 1960, 

the  n u m b e r  has d r o p p e d  off  cons iderab ly  ( O D P  

and W M O ,  1988). H ur r i c a ne s  have occur red  m 

clus ters  also in Pue r to  Rico (Scatena ,  1989). Hur-  

r icanes  affect  large a reas  of  the  Luqui l lo  Moun-  

tains once  every 2 5 - 3 0  years,  and  pass direct ly  

over  the  forest  once in 5 0 - 6 0  years  (Scatena  and 

Larsen,  1991). 

TABLE 1 

Selected flood discharges of rivers in Blue Mountains, Jamaica and Luquillo Mountains, Puerto Rico 

River and .4 d Peak Q Unit Q Remarks 
location (km:) (m~/'sJ tm~s J km ~) 

Jamaica 

Yallahs at 
Mahogany Vale 

6071 

Yallahs 123.3 
at Llandewey 

Rio Grande 214.9 
at Fellowship 

Puerto Rico 
Espiritu Santo 22.3 
at Rio Grande 

Fajardo 38.~ 
at Fajardo 

lcacos 3.3 
at Naguabo 

Mameyes 17.S 
at Sabana 

Quebrada 2.6 
Sonadora at 
El Verde 

523.5 S,t~ Gilbert (estimatc 
729.2 12.11 1973 peak 
707,(1 t1,~ 100-yr R.I. (H.E,C. 1 estimate. 

672.8 ~.5 Gilbert (estimate ~ 
963.0 7.8 1979 peak 

!2c~7.2 1{I.5 100-yr R.I. (H.F.( ". t estmmlc, 

4249.3 19,8 Gilbert (estimate 
4255.11 tLLS 14 May 1982 

56(~ 25.4 recorded maximum 
427 19.1 Hugo 

666 17.3 Hugo 

81 24.5 recorded maximum 
711 21.2 Hugo 

580 32.¢~ Hugo 

~33,2 24. i recorded maximum 

Source: ODP and WMO (1988); Scatena and Larsen (1991), also compiled from various field sources. 
Hugo, Gilbert = hurricane events. 
H.E.C.1 = computed flood magnitude using H.E.C. 1 computer program. 
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Rainfall in any of these events varies widely. 
Hurricane Gilbert, described as the biggest hurri- 
cane of the century for Jamaica, produced a 
maximum of 794 mm of rain in the mountains 
giving rise to floods with only 25-year recurrence 
interval (ODP and WMO, 1988). On the other 
hand, Silver Hill in the Blue Mountains received 
2451 mm in 4 days of November 1909 (Vickers, 
1967). Lirios (1969) estimated that 24-hour pre- 
cipitation between 250 and 635 mm can be ex- 
pected in the Blue Mountains once in every ten 
years. The cumulative total for several storm days 
will be higher. Similarly, rainfall associated with 
the last six hurricanes to pass directly over Puerto 
Rico has ranged from 135 to 725 mm (Scatena 
and Larsen, 1991). At times, greater daily rainfall 
and flooding have been associated with non-hur- 
ricane tropical storms. The floods are tremen- 
dously destructive of existing gauges which makes 
the coverage and quality of flood information 
limited. We have been able, however, to produce 
Table 1 from the existing information, showing 
the repeating nature of high-magnitude floods on 
both islands. 

Mass movements  

In the mountains of Jamaica and Puerto Rico, 
mass wasting is probably the most important agent 
supplying detritus to stream channels. Both field 
observations and available stream sediment data 
indicate that bedload is unusually large in amount 
relative to fine-grained material (Gupta, 1975; 
Simon and Guzman-Rios, 1990; Simon et al., 
1990). Numerous mass movements have been 
mapped for both the Blue (Gupta, 1975) and 
Luquillo (Guariguata and Larsen, 1990) Moun- 
tains. Short-duration, high-intensity rainfall events 
cause shallow soil slips and debris flows, whereas 
long-duration events, such as tropical storms, 
could be followed additionally by larger and 
deeper  slides. Simon et al. (1990) have discussed 
the mechanism and causes of slope failures. In 
spite of local occurrence of 9 m of soil and 
regolith, the slopes are not everywhere covered 
by thick soils and a deep weathered mantle. This, 
presumably, is another indicator of the continu- 
ing erosion of these hillsides. Sediment moving 

downslope is commonly soil and weathered mate- 
rial, but in places large pieces of bedrock are 
added to it. 

After a large rain-producing event, such as a 
tropical storm or a hurricane, the slopes are 
marked with innumerable shallow soil slips, de- 
bris flows along almost every first- and second- 
order channel (at times down even larger tribu- 
taries), and landslides with an average thickness 
of tens of metres and surface area that ranges up 
to tens of thousands of square metres (Howard 
Humphreys, 1967-68; Dames and Moore, 1980). 

Landslides from the last two large hurricanes 
(Gilbert in Jamaica, 12 September 1988; and Hugo 
in Puerto Rico, 17-18 September 1989) have 
been carefully mapped. In Jamaica, Manning et 
al. (1992) mapped 478 landslides along 108 km of 
road section in the Lawrence Town-Above Rocks 
area northwest of Kingston. Debris flows were 
most abundant, but rock falls, translational slides, 
and complex rotational slides also occurred. 
Comparable incidents were seen though not 
mapped throughout the Blue Mountains. In large 
storms, mass movements are accelerated by the 
destruction of vegetation followed by near-hori- 
zontal intense rainfall on the slopes. 

More than 400 landslides occurred in the LEF 
during or shortly after the passage of Hugo. The 
surface area of individual landslides varied be- 
tween 18 and 4500 m 2 with a median size of 148 
m 2. Less than 1.5 m deep soil slips and 1.5-2 m 
deep debris flows together made up 91% of all 
mass movements. This was the pattern for both 
forested and disturbed slopes. Even in the forests, 
landslides affected 0.11% of the area, indicating 
that storm-related mass movements are part of 
the regional geomorphic system. Up to fifteen 
mass movements per km z were counted after 
Hugo. The records indicate that shallow soil slips, 
debris flows, and slumps occurred during or im- 
mediately after the passage of Hurricane Hugo 
(Larsen and Torres Sanchez, 1992). 

The largest mass movement was a debris 
avalanche which followed the track of a 1970 
avalanche. Measuring 153 m in length, 27-332 m 
in width, and 3-10 m in depth, it moved 30,000 
m 3 of soil and rock 600 m downslope into the 
river and exposed bedrock along the scar. This 



Fig. 3. Large landslide contributing sedimcnt 1~ the Yallahs River near Mavis Bank, ,l~tmalca. 

happened three days after the hurricane (Larsen 
and Torres Sanchez, 1992). Slides of such dimen- 
sions (Fig. 3) have been reported from the moun- 
tains of both islands after tropical storms and 
hurricanes (Gupta, 1975): the biggest reported in 
Puerto Rico was up to 100,000 m ~ in volume 
(Larsen and Torres Sanchez, 1992). 

Apparently, the largest historic landslide in the 
Caribbean is the aptly named Judgement Clifl 
Landslide (Fig. 4) which followed the Great 1692 
Port Royal Earthquake and heavy rainfall associ-- 
ated with a hurricane. This complex slide, whici~ 
dammed up the Yallahs River, inw~ivcd both 
slump and rockfall, and displaced ~wer 81L000,()Utl 

Fig. 4. The Judgement  Cliff Landslide. Jamaica. 
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m 3 of limestone blocks, boulders, and fine lime- 
stone debris mixed with clay and shale of the 
basement rocks (Zans, 1959), Large landslides 
after a tropical storm have repeatedly brought 
huge quantities of material down to river chan- 
nels. 

Larsen and Torres Sanchez (1992) have calcu- 
lated the rates of material removed by landslides 
in the forests of Luquillo Mountains where 1.1% 
of the area is disturbed by landslides every 100 
years. Hurricane Hugo eroded 11,767 m 3 of ma- 
terial from the area giving a denudation rate of 
164 mm in 1000 years. In the field, almost the 
entire sediment is seen to come from 600 to 800 
m elevation, a pattern of midslope destruction 
which is also evident for Jamaica. In time the 
upper slopes also become unstable. 

Sediment liberated from the mountains is 
stored on the lower hillslopes or in the stream 

Fig 5. Lands l i de  in volcanic las t ics  of LEF ,  clay-size ma te r i a l  

wi th  e m b e d d e d  boulders .  

channels. The amount of sediment transported 
out of one of the closely monitored basins in 
Puerto Rico, the Mameyes, is approximately 300 
t / k m  2 annually. Larsen and Torres Sanchez 
(1992) have shown the total mass wasting contri- 
bution to be 81% of this. Mass movement is the 
prime supplier of sediment to the channels, and 
the material travels downvalley and out of the 
basin with brief periods of in-channel storage. 

The sediment supply is obviously pulsatory in 
nature, and the material shows a wide textural 
range heavily skewed towards the coarser frac- 
tion. In Jamaica, the material that comes down in 
shallow slides ranges between clay and fine peb- 
bles; the debris flows are predominantly com- 
posed of pebbles but contain boulder-size mate- 
rial; and large (104 m 3) slides carry everything 
including large blocks of bedrock. In Puerto Rico, 
the shallow slides off the volcaniclastic rocks are 
essentially in clay with a few embedded boulder- 
size corestones (Fig. 5); the debris flows down 
tributaries carry coarse material, mainly boulders 
of 1-2 m; and the very large slides include the 
whole range. All this falls into the stream chan- 
nels at various points along the course. In Ja- 
maica, huge debris flows have blocked channels 
and built temporary lakes behind a wall of boul- 
ders. 

The rivers 

Water 

The daily discharge tables for the rivers of the 
Blue and Luquillo Mountains show scattered 
episodes of several consecutive days of high flow. 
This is common between July and November 
although the annual peak discharge has arrived in 
other months in certain years. The flood flows 
are much higher than average discharges, and the 
flood hydrographs rise very steeply, at times al- 
most vertically. The high flow, however, continues 
for more than one or two days only for very large 
storms. Notwithstanding the limited number of 
stream gauges in the Blue Mountains, the records 
show that the rivers of eastern Jamaica and Puerto 
Rico episodically carry large volumes of floodwa- 
ter at high velocity (Table 1). 



Sediment 

A very large proportion of the sediment in 
these rivers (Fig. 6) can move only as bedload, 
and boulders ranging up to several metres need 

very high velocity for transportation. Estimated 
peak velocities for Jamaican rivers during Hurri- 

cane Gilbert ranged from 1.2 to 7 m / s  (ODP and 

WMO, 1988). The Yallahs River at the apex of its 
fan delta had a peak velocity ol 3.9 m/s, suffi- 
cient to move some of the boulders. After this 
flood, deposition of coarse material up to boulder 

size blocked the crossing on the Yallahs about 3 
km downstream of the apex. The deposited mate- 
rial spread out over the fan beyond the banks, 

and accumulated as high as the roof of one-story 
shops about 200 m from the river (ODP and 
WMO, 1988). Similar deposition occurred at the 
same place in 1963 after the passage of Hurricane 

Flora. Bank erosion after the passage of each of 
these floods adds to the considerable amount of 
coarse material  already resting within the channel 

and the new material coming down via different 
types of mass movements.  The coarse sediment 
then moves in pulses down the rivers, and be- 
tween the movements  builds boulder berms, 
channel bars, and hurricane terraces at suitable 

places, as described elsewhere (Gupta,  1988). 

Morphology 

The valleys of the eastern mountains of both 
Jamaica and Puerto Rico tend to be straight w,th 
a few near right-angled bends. The tributaD' june 
tions are frequently perpendicular to the main 
stream, and the drainage nets on topographical 

maps show a number  of straight low-order tribu- 
taries. The channels occupy a disproportionateI5 
large width of the valley floor, and at times steep 
hillsides rise from the banks themselves. 

Such attributes strongly suggest that the vai- 

Icys arc structure-guided. Evidence ol faulting 
has been seen along some of the tributary' valleys.~ 
and the courses of larger ones, such a~ ~hose oi 

the Yallahs or Wag Water River, tend ttJ coincide 
with fault zones on geological maps. This give~, 
rise to steep-sided, easily erodible valleys when'  
side slopes are heavily denuded by mass move, 
ments which tend to open up thc valk,ys and 

contribute large volumes of coarse sediment ~ 

the channels. These streams are confined in their 
courses and cannot aggrade except in their tower 
courses near  the coastal plains or where the val- 
ley is locally wider over a short distance, 

The long profiles of the streams are also steep, 
The gradients range from 0.061 to 0.241 when 

calculated from topographic maps. Locally, how- 

Fig. 6. Storage of sediment in thc Sabana River, Puerto Rico. 
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Fig. 7. Boulder accumulation, Swift River at Chelsea, Jamaica. 

ever,  the  s t reams  flow th rough  nar row s t eepe r  

reaches  in gorges  and  at p laces  p lunge  over  wa- 

terfa l ls  and  rap ids  where  b e d r o c k  is exposed.  

A l o n g  the i r  courses  these  s t reams  descend  an- 

o the r  type of  r ap ids  in a ser ies  of  small  steps,  0.5 

to 1 m in height .  Such rap ids  a re  bui l t  by accumu-  

la t ion of  bou lde r s  over  bedrock .  The  or igin of  

such bou lde r  accumula t ions ,  s t re tch ing  over  hun- 

d reds  of me t res  (Fig. 7), needs  an explana t ion .  

Pa r t  of  it could  come from e xhume d  cores tones ,  

but  there  are  r e p o r t e d  cases  from Jama ica  

(Che lsea  on the Swift River  and  Mi lbanks  on the 

Rio  Grande ) ,  where  large debr is  flows in the pas t  

have b locked  the channe l  c rea t ing  a t e m p o r a r y  

Fig. 8. Boulders scattered across Swift River channel, downstream from Fig. 7. 
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lake upstream. In both these places the rivers, as 
described above, flow in a series of rapids in a 
more than I00 m long reach full of large boulders 
from bank to bank. Such boulders, typically 1-2 
m in median diameter  but locally larger, are 
exotic in the sense that they do not match the 
valley bedrock. At both Chelsea and Milbanks, 

the path of a debris flow from a huge scar up on 

the hillside to the channel may still be identified 
and remains well known to the local inhabitants. 
The boulder zone stretches across the entire 

channel and no deposition of bars is seen in these 
places. Similar features have been described for 
the Colorado River in the Grand Canyon (Graf, 

1979; Webb et al., 1989). Moving downstream, 
boulders become more scattered (Fig. 8). rising 

out of the water level. Further  downstream small 
bars in pebbles and cobbles with several large 
boulders perched on top start to appear.  The bars 
gradually become bigger and the perched boul- 
ders die out. 

We suggest that the coarse material in the 

channels originates from a combination of valley- 

side slides, debris flows along tributaries, and 
from storage in valley alluvium in wider sections. 

Large inputs of very coarse material come in 
either as huge debris flows or as large landslides 

measured in 10 4 m 3. The entire material is thcn 

eroded and redistributed to form various types of 
bars (Gupta,  1975), depending on the local ctmdi 
tions. 

These mountain streams for mos! ~:t their 

courses flow over a shallow layer of .,cdimcn~ 
above bedrock. At places where the valley ~, 

narrow, bedrock is exposed both on ~.i~c banks 

and the floor. The streams therefore arc bounded 
in rocky channels and behave as com.iul[,, i ~  
transporting a shallow layer of coarse ,nalcrkd 

beyond the mountains to the coastal plains 
Where locally the valley widens, it bccc~mcs zm 

area of deposition. The form of deposition, mov 

ing from midchannel to the valley w a l k  inctudc< 
channel bars, floodplains, and flood ~erraccs 
(Gupta,  1988). Such features survb, c ,.:ntil Ihc 
next high-magnitude flood which eroc;c,~ ~hem. 
and subsequently transports sediment dt~wnchar" 

nel. With the falling stage of the hydrograpb, th~ 
sequence of events begins again. 

A suggested model and its t,artatiom 

The above is a description of the morphology 
and behaviour of the montane streams of Jamaica 
and Puerto Rico. One of us has earlier a{tributed 

Fig. 9. B o u l d e r s  in Q u e b r a d a  S o n a d o r a  d r a i n i n g  vo l can i c l a s t i c  r ocks  o f  t he  L u q u i l l o  Moun ta in , , .  P u c r l ~  R 1~, 
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the Blue Mountain valley-floor forms and sedi- 

ment  to high-magnitude floods (Gupta,  1975, 
1988). It is now suggested that the type and 

amount  of sediment supplied to the streams and 
the nature of the drainage system are dependent ,  
in addition, to the location of these streams within 

a strike-slip plate boundary zone. A comparison 

of two islands which share this tectonic environ- 

ment  and also a s torm-prone climatic regime 

helps us to build a conceptual model of the 
montane Caribbean rivers. 

Rivers of the Greater  Antilles may be ex- 

Fig. 10. (A) Meandering Rio Icacos with sandy point bars in Luquillo Mountains, Puerto Rico. (B) Channel modification by a 

quartz-diorite boulder. The boulder is in the middle of a cross-over creating scour pools around it, In other places, boulders have 

forced the stream into very sharp turns creating a meander bend with a boulder as the meander cliff. 



pected to have the following properties. (1) The 
drainage density is low with the tributaries joining 
the main stream at high angles. (2) In the moun- 
tains the valleys are narrow and deep with land- 

slide-affected steep sideslopes and confined 
stream channels. (3) Stream gradient is high, with 
local rapids at rock outcrops or boulder accumu- 

lations. (4) Valley alluvium is characterised by 

extremely coarse sediment. (5) Braiding, multiple 
channels, and bars are found where the valley 

widens, either locally or near  the coastal plains. 
In meandering streams an enlargement  of point 
bars in coarse sediment is common at such places. 
(6) The depositional forms built by sand, pebbles, 
cobbles, and boulders are related to both the 
passage of high-magnitude floods (Gupta,  1975, 

1988) and size and age of the nearest  large land- 
slide. 

These are features which are common in the 

montane streams of eastern Jamaica and Puerto 
Rico. Superimposed on this are variations that 
occur at smaller scales. An earlier study has shown 
that seasonality in discharge causes the rivers to 
braid, and meandering streams with point bars in 
coarse material occur where pronounced season- 
ality is absent (Gupta,  1975). In the Luquillo 
Mountains, streams draining volcaniclastics carr3, 
boulder-size material  (Fig. 9). There  is hardly any 

sand, and the little clay or silt that comes from 
the weathering of rocks is carried out of the 

mountains as suspended load in floods. The 
streams are very clear even a few hours after the 

passage of the peak flow. The streams typically 
display boulder accumulations or exposed bed- 
rocks separated by stretches without any deposi- 
tion but not deep enough to be identified as 
pools. In contrast, the rivers draining the quar tz -  
diorite body carry large volumes of sand, and 
build point bars, The big boulders, however, are 
channel modifiers (Fig. 10), and right-angled 
bends are found where the streams encounter  
these boulders. At cross-overs where meander  
geometry dictates a shallow passage, the presence 
of a boulder ensures a deep pool scoured round 
its base. The current anthropogenic destruction 
of vegetation on Jamaican slopes has led to sedi- 
ment contribution at a much faster rate. It will be 
fascinating to monitor the rivers to see how they 

adjust to this increase in sediment load. Overall. 
these streams are the product of tectomc activi- 
ties, mass-movement-derived coarse sediment ,~ 
profusion, and high-magnitude floods at intervals 

We believe that the riverinc forms and valley 
alluvium in a plate boundary strike-slip zone art. 
diagnostic, especially if high-magnitude fh~)ds m~ . 

also common. Examinations of past sediments. 

such as the suspected Quaternary high-terrace 
material in the Yallahs Valley (Gupta.  1983). ol 
the Eocene sedimentary rocks of the Bluc Moun. 
tains (Robinson et al., 1970; Wc~c,)H and 

Ethridge, 1980), can be interpreted as flood t|c~ 
rived. We need further work in these ~alleys t~ 

find out if the petrology of the coarse pa leoa l lu  
vium or sedimentary rocks, and the re×tuft and 
structure of the sediment, reveal furthermore the 
presence of a former tectonic zone. 

Conclusions 

The channels in the eastern mountains of J~- 
maica and Puerto Rico are controlled by nco tec  

tonic movements,  periodic high-magnitude flood~. 
and a plentiful supply of coarse bedload. This i.~ 
due to the location of the islands within :t Ne~- 

gene left-lateral strike-slip plate boundary zone. 
which is also an area periodically visitcd by tropi- 
cal storms. The morphology of the channels i:, 

characterised by steep slopes, near-vertical bank~. 
low sinuosity, and an accumulation oi h, mldcr~. 
The wider reaches show floodplains and flood 

terraces at various levels. Superimposed tm thi.~ 
general pattern,  variations occur at smaller scalc~ 
due to the presence of scasonality in rainfall ~r a 
particular lithology exposed as bedrock. Standard 
descriptions of channel form and behav,ou~ do 
not work adequately for these rivers. 
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