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LCO 4ENTS ON WITE RLATIOTSHIP BETWEEN SOILS,
 
GEOMORi O I Y A\D STRATIGRAPHY IN NORTH'E]N CENTRAL AMERICA
 

J. L. Walker 

I. Soils 

In Northern Central America, the best agricultural soils, that is,
 

those soils adapted to intensive use for producing annual and perennial
 
crops, occur on Pliocene to recent colluvial deposits derived from Quat
ernary and Tertiary volcanic formations which are largely rhyolitic and
 
andesitic in composition. With the exception of low-lying coastal Quat

ernary colluvial deposits, which by and large are poorly drained, one can
 
make a general statement that good agricultural soils are found in North
ern Central America wherever Quaternary colluvium is found. In Guatemala, 
other soils of good agricultural potential are also developed over the 
Sepur red beds of Eocene Age and the Toledo limestone also of Tertiary Age. 

Some soils of good potential are found developed over the Cretaceous Ceban 
and Ixcoy formations which are largely limestones and dolomites. It is
 
interesting to note that essentially no soils of good agricultural potential
 
are developed over metamorphic rocks, even though large amounts of these are
 
exposed in the central portions of Guatemala.
 

Chemical analyses of rhyolites and andesites, which are the parent 
materials for the most extensive areas of agric lturally important soils in 
Northern Central America, reveal for rhyolites2. K 0, 01,; P20, 0 1%;
 
MgO, O.%; CaO, 1.3%; and nO, O.1%; and, for andesies K, 2.h:; P2O ,
 
0.2%; NgO, 2.5%; CaO, 5.5%; and Nne, O.1;. It is interesting to note tga? 
foliar deficiency symptoms for P and Mg are quite uni.versa] in the Pacific 
coastal plain soils :hich are derived from these materials; Zn, 3, S, Mn 
and Fe deficiencies are also sometimes imagined but it is a difficult task 

to be certain when faced with an apparent multitude of deficiency symptoms 
in a single plant. Certainly, in view of the composition of the parent 
materials, deficiencics of the latter five elements would not be surprising. 

II. Geomorphologyy 

Central America comprises three principal physiographic units; a 
northern unit of mountains of old folded rocks, extending through Northern 
Guatemala and northcrn Honduras into Nicaragua; a middle unit consisting of 
a dissected volcanic plateau, extunding from Central Guatemala eastward to 
El Salvador and Southern Honduras; and a Southern unit, of folded strata and 

volcanic rocks in Costa Rica and Panama. 

Mean of 64 analyses, Daly, Igneous Rocks and Their Origin, 1914, p. 19. 0 

Biotite and hornblende andesites, mean of 18 analyses. Osann-Rosenbusch, 
Geateinslehre. 1923, p. hoS. 

3/Direct qat~n or looG pnraphratii*frorni 
U. S. Geologic Survoy Bullutin 1032; "Mineral Deposits of Central America", 
Ralph J. Roberts & Arvel M. Irving,-U. S. Government Printing Office,
 
Washington, D. C., 1957, 205 pp.
 



Each of these three major units can be subdivided into physio
graphic provinces. The northern unit contains the Peten lowland and the
 

Antillean Cordillera; the middle unit comprises the upper Pacific Cordi
llera and the Guatemala-El Salvador Coastal Plain. The southern unit con

tains the Nicaraguan lowland, the Co3ta Rica coastal plain, the Central
 
Cordillera of Costa Rica and Panama, and the Pacific coastal plain.
 

The Northern Unit
 

The Paten lowland, which is underlain by folded tertiary rocks
 
ranges in altitude from about 500 ft. on the west toward Mexico, to 2,000
 
on the east and south, where it merges with the Antillean Cordillera.
 

The Antillean Cordillera, a belt of folded Cretaceous and older 
rocks that extend through Central Guatemala and Honduras into Nicaragua 
comprises rugged, deeply dissected ranges whose average altitude is more 
than 4,000 ft. In Western Guatemala the Cordillera rises to about 13,400 
feet. 

The Middle Unit
 

The upper Pacific Cordillera is a dissected volcanic plateau
 
extending from Chiapas, Mexico to Southern Honduras and El Salvador into
 
Central Nicarngua. The altitude of this plateau ranges from 10,000 ft.
 
in western Guatemala e 8,000 ft. in Gracias, Honduras. It drops to
 
4,000 ft. in Nicaragua where the upland slopes southward toward the Pa
cific Ocean. Volcanoes built upon this plateau by Tertiary and Quartinary
 

;:eruptions are aligned along the Pacific coast; the highest of these volca
noes is Tacana, 13,816 ft. in altituaj at the IMexico-Guatemala border. 
This volcanic plateau is only -prtiollydisso'ated in Guatemala, but in El 
Salvador and i",'s -. advances only few1onduras disoact.ion so that reman
ents of the or.,inal . - fa .... " '. v,,lcani plateau is bor
ddred on the Caribbean side i:i E.-nCurao and Nicnrog,.a by a coastal plain, 
which, although absent in the rlce-a where thn ranges are truncated at the 
coastal line, elsc.whera ranges in maxinl-n wid'th from 15 miles in Honduras 
to 50 miles in Nicaragua.
 

The broad coll'vial plain oxending southward up the Rio Ulfa 
Valley is a graben, which extend from near the Caribbean coastline in 
Honduras southward into the GoLo de Fonseca. This graben is part of the 
prominent transverse valley uhich extends across !onduras. 

The Gutemala-El SaLvador Pacific coastal plain, which borders 
the volcanic bolt on the southwyest, ranges in width from 35"miles at the 
Mexican border of Guatemala, to 10 miles at the El Salvador-Guatemalan 
border; this Pacific coastal plain widens again in eastern El Salvador 
and ends near the Golfo do Fonseca in Honduras, wyhere volcanoes occur in 
the coastal area.
 

The Pacific coastal plain in Guatemala is prograding because
 
of the enormous volume of detrit.us that is being carried southward by 
streams that drain the. volcanic chain. Farther southeast, in El Salvador, 
the Pacific coastal plain is narrow and has a rugged shoreline that-has 

http:detrit.us
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been actively eroded, althoug raised terraces at about 40 and 100 ft. 
above sea level indicate that the most recent coastal movements have
 
been emergent.
 

The Caribbean coastal plain has also bean recently uplifted.
 
Near Livingston, Guatemala, coral reefs of Pleistocene Age are several
 
hundred feet above sea level, and along the Caribbean coast of Honduras
 
and Nicaragua, uplifted terraces show evidence of Pleistocene and recent
 
emergence. In Costa Rica and Panama, on the other hand, the principal
 

movement has been submergent, though in places. Recent emergence is in
dicated by raised terraces.
 

Southern Unit
 

The Southern part of Nicaragua is separated from the tNorthern
 
part by the Nicaraguan lowland, which Hayes in 1899 described as a pene
plain cut on Eocene and more racent rocks. The lake of Nicaragua occupies 
the western part of this depression, having been dammed by the volcanoes
 
of the Pacific coastal area. The ranges that make up the southwest vol
canic chain of the Central Cordillera rise frcm the Nicaraguan lowland.
 

Costa Rica is bordered on the horth by a coastal plain of
 
variable width which joins the [icaraguan lowland on the forth and con
tinue &outhward into Panam. The Cordillera Central of Costa Rica is, 
in part,a volcanic plateau above which volcanoes rise to a height of
 
11,326 ft. Southward, this plateau grndes into the rugged and dissected 

Cordillera Central of Talamanca, which is composed of intrusive igneous
 
rocks and sediments and which continue Southeastward into Panama where 
the Pacific coastal plain vries in width but is mostly less than five
 
miles wide. Three peninsula ranges, the T!icoya, the Osa and the Burica, 
are connected *ibh the mainland of Panama by lm7 colluvia). plains. On 
the florth these peninsulas nre bounded by volcanoes. Panamni is a contin
uation of the Cordillera Central of Talamanca. Except for a narrow coastal
 

plain in some places, the isthmus consists mainly of discontinuous ridges.
 
A number of volcanoes rise above the ridges in north wostern Panama.
 

Pre-Perminn Rocks: Metamorphic rocks are widespread in Guate

mala, HondurEs -d"-H'-ICra,ua where they crop out in a belt extending east
ward from Chiapas in 1Ixico tbrough Huehuetenango in western Guatemala, 
making up the Sierra de Chuacis, the Sierra do los Minans, the Sierra del 
Espiritu Santo, and the Caribbean cocstal ranges of Honduras and Nicaragua. 
These mutnmorphic rocks comprises thicknesses of garnetiferous and micaceous 

gceiss, mica schist, andalucite ond garnet schist, quatzite, and marble. 
metamorphic gneisu grades into intrusive granito-gneiss andin places the 

gratito. Lower grde mutamorphic rocks such as"phyllito, quntzito,'schist,
 
alid marble are also found within this belt, especially in Hotidurls and Nica
ragua.
 

Direct quote or loose pa'raphrase from: 
"Mineral Deposits of Central America",U.S. Geologic Survey Bulletin 1032; 

Ralph J. Roborts &Arvel 1. Irving, U.S. Govt. Printing Office, Wash., D.C.-, 
1957. 205 pp. 
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Rocks of Paleozoic Age: Rocks of Paleozoic Age, primeraly 
limestones and assucited sed-entary rocks, are widespread in Northern 
Central America and form a belt as much as 22 miles wide adjoining the 
metamorphic belt on the Caribbean side of Guatemala and extending east
ward to Puerto Barrios. In British Honduras, lithologically similar 
strata make up tho Maya Mountains and in Honduras and Nicaragua they 
crop out in the Caribbean coastal ranges. In Gurtemala, the strata of 
Paleozoic Age that have been dated consists of two formations of Permian
 
Age: the Santa Rosa formation of Permian Age, and overlying limestone
 
and dolomite beds called the Chochal limestone.
 

The Santa Rosa formation is the name applied to strata exposed
 
near the Village of Santa Rosa in the Depart-menio of Alta Verapaz in Gua
temala. The formation consists of interbedded sandstones, shale, lime..
 
stone, puddingstone and marl, grading upward into overlying limestone
 
which Sapper called the Carbonkalk. The Santa Rosa formation is exposed
 
almost continuously westward into Mexico, where in Chiapas its thickness
 
is reported to be from 1,000 to 3,000 feet. ...... .n... ......'"n
 

Chochal Limetoro: The Chochal limestone of the Sierra de los 
Cuchumatanes extends east5.&ird (toward the Caribbean) from the Santa Rosa 
Formaition area and forms prominent cliffs over 500 feet thick in the 
ranges near San Crist6bal, Cob~n, and Panz6s. 

Rocks of Mesozoic Age: Rocks of Mesozoic age underlie much of
 
the northern part of Central America; especially on the Caribbean side 
North of the belt of rocks of Paleozoic and pre-Paleozoic age in Guate
mala and Honduras. Sections of Mesozoic age generally include basal 
redbeds overlain by interbedded limestone, dolomite, and shale. The
 
Paleozoic age ended in Central America with an orogeny during which the
 
rocks of Paleozoic age and older were folded and cut by granites and
 
serpentine intrusive bodies. The older Mesozoic rocks have been assign
ed to the El Plan (Tegucigalpa), todos S.nntos and Metapin formations. 
The sections am-revealed near Tegueigalpa and San Juancito, h1onduras, 
consist of alternating members of plant-bearing dark gray shale and 
siltstone with some argillaceous sandstone and pebbly conglomerate. The
 
thickness is about 3,000 feet. The Todos Santos formation is namexd 
after a village in the Departamento of Huohuetenango in Guatemala. It 
comprises about 1,200 ft. of inturbudded reddish-brown sandstone, shale 
and conglomerate. In places, the ereen shales and gray limy shales are 
intercalated and thin limestone lenses are present. The Todos Santos 
formation ro'sts unconform:.bly on folded and metamorphosed rock of the 
Santa Rosa and older formations. In San Miguel, Acatan, the Todos San
tos fonation is overlapped by linestone and dolomite of early Cretaceoui 
age. West of San 1.1--uel it is entirely absent in places, either beccase 
it was not deposited or because it was eroded before the Cretaceous limo&0t,' 
stone was deposited. 

At San Mateo ]Ytathn, Guatemala and in Estado de Chiapas, Mexi
co, the upper Todon Santos strata are marl, shale, and sandstone and in >.. 
elude interbedded gypniferous and salt bearing strata indicating a change 
northward toward Mexico from terrestrial to marine conditions of deposi
tion. In eastern Guatemala, El Sdlvador, a~d Honduras, redbeds lithologic. 
ally similar to the Todos Santos strata have boon named the Motap~n forma
tion. Near Concepci6n, in Guatemala, the Metapan formation rests on con



torted schist which has been assigned to the Paleozoic Age. The lower
 

part of tho Mctapan formation includes interbedded sandstone, conglomerate,
 
shale, volcanic tuff,and marly beds. Te beds are mostly dark red but some
 

are arpleo, dark green, yellow and brown. The upper part of the formation 
is composod of interbedded red, yellow and gray shales with thin limy shale 
and limestone beds. The highest member is a cliff-fonrming limestone 100
 

feet or more thick which is exposed east of Metapan in El Salvador and at
 

El Sill6n near Concopci&n in south-central Guatemala near Jutiapa. In North

west Guatemala, the Todos Santos formation is overlain by limestone which is
 

called the Ixcoy formation. The Ixcoy formation comprises over 2,000 ft. of
 

interbedded limestone and dolomite and is the host rock for the lead-zinc 
deposits of the San Miguel district. For the most part, the beds are thick 
to massive and light to dark gray. In many places the formation contains 

thick interformational conglomerates and breccias possibly formed during
 

periods of minor crustal movements. In northwestern Guatemala, the Ixcoy
 
formation is in fault contact with limestone and dolomite of the Coban for
mation. 

Tertiary System: The Tertiary rocks of northern Central America 

comprise marine and continental formations that range in age from Eocene to 
Pliocene. The marine beds are well exposud in northern Guatemala where they 
overlap the Cretaceous beds. The oldest Tertiary rocks occur in northern
 
Guatemalp and comprise the Sepur formation of Eocene age. This fornqtion 
consists chiefly of red sandstoni, conglomerate, and shale, with local inter
bedded limestone and marl m:mbera. ear Cahabon, beds of terrestrial conglo.m

erate and sandstone predominate, but to the north and west (toward El Pten 
and Mexico) the coarse facies grades into yellow marine clay and marl that 

are interbedded with yellow sandstone, conglomerate, and limestone. The con
glomerate, and lim;estone. The conglomerate beds are composed of p,.bbles of 
andesitic voleanic rock, limestone, schist, and quartzites. Judging from the
 
increasing oo-rcqss of the ',,cpur atrsti southward, b'hey were probably d,
riv6d from highland areas in Central and Southern Guatemala and uestern Hon
duras. 

Quaternary System: The Quaternary deposits underlie large areas 
in Northern Cntral AriiIZc. The wide Pacific Coastal Plain is composed of 
interbedded gravels and zands derived principally from 'the volcanic upland 
areas, and most large va]ueys are floored wi th alluvium. The belt of Qua, 
ternary deposits along the Atlantic Coast is narrower, and marine terraces 
are found in some places. Quartzoso sands underlie Caribbean coastal savan
nas in flonduras and B3rithish Honduras. 

In Guatemala, Honduras and El Salvador, pyroclastic and volcanic 
rocks of Quriternary Age are widespread in the upland and Pacific coastal areas 
and represent the continuation of 7olcanic activity that began in the Tertiary 
Age. Some of the volcanoes are still active and ash falls have contributed 
large volumes of iuaterial. to the soils and recent deposits. 

Igneous Rocks 

Intrusive Rocls: Intursive rocks form a considerable area within 
the belt of pre-PerminiV tamorphic rock,; that crosses Northern Guatemala, 

Honduras, and Nicaragua. Intrusive rocks arc chiefly granite and quartz mon
zonite, but include a little granodioritu and diorite, and serpuntine forms 
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two bolts that crop out discontinuously across Guatemala. Smaller bodies
 
composed chiefly of diorite, grnnodiorite, quartz monzonite, and granite
 
prophyry aru scattered over Central Guatemala, Honduras and Nicaragua on
 
the Pacific side of the metamorphic rock belt. The granite and quartz
 
monzonite are generally coarse-grained and light to medium gray; biotite
 
is their chief dark mineral. In places these rocks are massive but for the
 
most part they show 3 well defined foliation parallel to the structure of
 
the enclosing x.- r.j.. 

Near San Miguel Acatan, Departamento de Huehuetenango, Guatemalaj 
unfoliated granite cuts shale of the Santa Rosa formation. Bodies of ser
pentine are found on the Pet6n side of the metamorphic belt from the Depar
tamento de Huehuutenango eastward nearly to Puerto Barrios; these are len
ticular and are distributed along faults. Serpentine intrusions form an 
important part of the Central Ringes of Guatemala. Two principal serpentine 
belts have been mapped--one on the north of the metamorphic belt extends 
from San Sebastian (near Huhuetenango) eastward to Salama, then from Panz6s 
nearly to Puerto Barrios; the other, in the southern part of the metamorphic 
belt, extends from Saltnn eastward toward El Salvador, separating the Meta
morphic rocks into two parts. Both belts follow zones of skrongly deformed 
rocks, probably along major faults, and therefore otuline the principal struc
turril features of Guitcral. In Central Cuatemoal, lionduras, !icara-u3 and 
El Salvador, small intrusions of diorite, granite prophyry, granodiorite, and 
quartz monzonite cut sedimentary rocks as young as Cretaceous. In southern 
Guatemala, southern Honduras, El Salvador, and Nicaragua (on the Pacific sides) 
intrusive igneous rocks, chiefly andesitic in composition blit including rhyc 
lite and latite form small irregular bodies, dikes and sills. These rocks 
are related to the flows and pyroclastic rocks that make up the thick Tertiary 
cover, and some may have been the feeders for the flows and volcanic centers 
that were the source of the pyroclastic rocks. 

Volcanic Rocks: Except for boulders of lava in Cretaceous con
glomerate, the extrusive rocks known in northern Central America are of 
Tertiary &nd Quaternary Age. They are chiefly andosite, basalt, rhyolite,
 
and latite, and occur as interbodded flows genurally interlayored with py
roclastic rocks. Iost of the volcanic activity took place during Miocene 
and Pliocene time when predominantly rhyolitic pyrocl-stic rocks and an
desitic f]ows appear to have been extruded. The early volcanoes which gave 
rise to the pyroclastic material and flows have largely been eroded so that 
only their roots remain. The chain of recent volcanic cones whiich borders 
the Pacific slope of Central America is built upon the earlier eroded vol
canic plateau much as Mt. lanier and Mount Baker in the Ca.scade Mountains of 
the State of Washington are built upon uplands composed of volcanic rocks. 
The later volcano-s borderzjg the Pacific in Central America were probably 
formed for the most part during the late Pliocene and Quaternary time, fir 
many of thum are very little eroded. Pyroclastic rocks and floWs for.ming 
these cones, many of which are still active, are largely andesitic in compo
sition, but some cones in Eastern Guatemala are bas-altic. In Webtern Hondu
ras in the Departamento do Gracias, tho Tertiary sequence is 600 to 1,000 
feet thick and consists of clay, sandstone, volcanic ash and conglomerato 
along with some marl. In 5alvador, Terti-iry rocks include both early Ter
tiary basic lavas and felsites mixed with pyroclastic rocks and sediments and 
late Tertiary proclastic deposits mixed with andesitic and basaltic lava 
fl(cs. The recent volcanic rocks includo basalt and andosite that were ex
truded from vents on the flanks if the larger Volcanoes and pyroclastic de
posits derived from central eruptions.
 


