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Introduction
 

The Sixth (VI) International Soil Classification Workshop is one of a
 
series of workshops and training activities of the Soil Management Support

Services (SMSS). 
 SMSS Is a program of international technical 
assistance
 
in soil survey, soil classification and correlation, and use and nmanagement
 
of soils, primarily in tropical and subtropical areas. The program is
 
funded by the U.S. Agency for International Development (USAID), and is
 
carried out by the U.S. Dept. 
of Agriculture Soil Conservation Service
 
(USDA/SCS). 
 T|,e previous workshops that have been held are:
 

Country 
 Year International Committee (ICOM)
 

I Brazil 
 1977 
 ICOMLAC
 
I Malaysia/Thailand 
 1978 ICOMLAC/ICOMOX
 

III Syria/Lebanon 
 1980 1COHMORT/ICOMID
 
IV Rwanda 
 1981 ICOMIAC/ICOMOX/ICONNORT
 
V Sudan 
 1982 ICOMERT/ICOMID/]COMMORT
 

VI Chile/Ecuador 
 1984 
 ICOMAND
 

These workshops are an Integral part of the activities of SMSS and provide
 
a medium for soil scientists from all over 
the world to discuss the man­
dates of the Inzernational Committees. 
These committees are working to refine
 
Soil Taxonomy with respect to 
use and application In Intertropical 
areas
 
and as a means for agrotecbnology transfer.
 

The VI 
International Soil Classification Workshop Is organized as a joint

endeavor of the Sociedad ChJlena de la CiencJa del Suelo and the Sociedad
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Fcuatoriana de Is C;encla del Suelo, both acting in behalf of various
 

universities and national Institutions, the SMSS, the University of Puerto
 

Rico (UPR), and USAID. Ir addition, on behalf of the Steering Corimittee
 

and the Chilean Society of Soil Science, we would 3i-2 to acknowledge the
 

generous contributions received frovt:
 

I. Municipalidad de Puerto Vsras
 

Direccion Regional (Y Begion) CONAF
 

Sr. Alejandro Acutia, Fundo Santa Ines
 

Sr. Helnut Gebeuer, Ilanquibhue
 

Sr. Erwin Kilmer, Fundo Panguil
 

Sr. Sergio Wolf, Frutillar
 

This cooperation ivrd collabcrative effort haE been the prime reason for the 

success of our previous workshops. The piesent workshcp also piomises to be 

most successful. 

This tour guide is a compilation of sore b'asic infcrwation on the history, 

climate, soils, volcarisr, vegetption, and agriculture Jr Chile. It has 

beev writte l.yvarious professors ind sclentists from uTniversities and 

organi7ations cf Chile. The soils were described by W. luzio, R. Foorato, 

C. Calindc, W. Vera, irld F. CrP7 frcm the univerFities in Chile and tv 

T. D. Cook of SMSS, SCS. The anal*.&eo of the soils were performed b:­

the Coriision Chilena de FnergJa 1'ucler, the Centro ti,Estudios de la 

Cuenca del Vaul , various universities, lblratorie!,, ail' the Nationa] Soil 

Survey Labtatory (NSFI.) of the SCS at Lincoln, rebraskii. 

ThLIs workshop and tour guide c.ouc not have been aconplished without the 

Pssistance, contrihiticns ard cooperatloit (f Trany people and organitztions. 

Tc ther we .re most grateful. A special tribute is given to Dr. Weter 

Luzic .. He has contributed untold hours of orgar.izing Pnd attending to 

every detoji to ensure that tl entire tour, workirg sessions, and 

extracurric.ular activities would long be rer-embered. We would like to 

thank Dr. Steve Folzhey, head, NSSI,, and his staff for perforrir.g all the 

analyses in a tirely r.anner. Special ornslyses uere rur. by Dr. johr lirhle, 

Soil Chemist, SMSS, that are requJied for the proposed orders of Andisols. 
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He also efficiently coordinated and compiled the data and information for
 
the tour guides. Thin sections and micromorphologica] descriptions were
 
made by Prof. Ricardo Honorato. His work and contributions are greatly
 
appreciated. We are grateful for his cooperation. We also express our
 
gratitude to Dr. Koji Wada, Kyushu University, for X-ray and mineralogical
 

analysis.
 

We also appreciate the advice and suggestions from Dr. F. Colmet-Daage,
 

Dr. Mike Leamy, Dr. A. Van Wambeke and Dr. K. Flach.
 

To make an international meeting like this successful, irny Chilean
 
colleagues and organizations have Co-r0rIbuted untold hours of extra work
 
beyond cheir normal duties. We acknowledge their assistance and support.
 

This workshop, like the previous ones, Is 
a model of international coop­
eration and achievement. In this same 
spirit, we aoticipate beneficial and
 

productive discussion at this workshop to advance and improve Soil Taxonomy
 
and to exchange knowledge on soll classification and agrotechnology
 

transfer between scientists.
 

RICHARD W. FENWICK
 

National Coordinator
 

SMSS
 



SIXTH INTERNATIONAL SOIL CLASSIFICATION WORKSHOP
 

- Taxonomy and Management of Andisols -


CHILE AND ECUADOR
 

9 to 20 January 1984
 

PROGRAM FOR CHILE
 

Saturday, 7 January 1984
 

Participants arrive in Santiago
 
Night in Santiago, Hotel Carrera
 

Sunday, 8 January 1984
 

0630 Dep. Hotel Carrera
 
0710 Arr. Santiago airport
 
0810 Dep. Santiago, LAN Chile flight 085
 
0930 Arr. Valdivia, transfer to hotel
 
1030 Registration of participants
 

Free afternoon and evening in Valdivia
 
Night in Valdivia, Hotel Isla Teja
 

Monday, 9 January 1984
 

0800 Registration of local participants
 

OPENING CEREMONY
 
Chairman: R. Grez
 
Venue: Universidad Austral de Chile
 

0900 Welcome -- J. Ferrer, Chancellor, Universidad Austral de Chile
 

Introductory remarks by:
 

W. Luzio, Professor of Soil Science and Chairman, Host
 
Organizing Committee
 

R.W. Arnold, Director of Soils, USDA Soil. Conservation
 
Service and Principal Investigator, Soil Management
 
Support Services
 

M.L. Leamy, Director, New Zealand Soil Bureau and
 
Chairman, ICOMAND
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1000 Refreshments
 

Technical Session I: PERSPECTIVES
 
Chairman: S. Alcayaga
 

1030 R.W. Arnold: The rationale for an order of Andisols in Soil
 
Taxonomy
 

1115 V.E. ',eall: Parent materials of Andisols
 

1200 Lunch
 

Technical Session I:: PROPERTIES OF ANDISOLS
 
Chairman: E. Besoain
 
Rapporteur: G. Gal4.ndo
 

1330 R. Parfitt: The nature of andic and vitric materials
 

1415 G. Uehara: Physico-chemical characteristics of Apdisols
 

1445 Discussion
 

1500 Refreshments
 

Technical Session III: TAXONOMIC FRAME1ORK FOR ANDISOLS
 
Chairman: R.W. Arnold
 
Rapporteur: B. Clayden
 

1530 M.L. Leamy: Proposed taxa and diagnostic features of
 
Andisols
 

Technical Session IV: FIELD 1:,!P BACKGROUND
 
Chairman: A. Van Wambeke
 

1700 H. Moreno: Physiography of south-central Chile
 

1715 W. Luzio: Soils of south-central Chile
 

1730 P. Baherle: Land use in south-central Chile
 

1745 Panel Discussion
 

Topic: The soils of field trips
 
Panelists: P. Baherle, E. Besoain, A. Carrasco, A. Ellies,
 

R. Honorato, W. Luzio, A. Hells, H. Horeno,
 
F. Santibafiez
 

1830 	 Adjourn
 

Night in Valdivia, Hotel Isla Teja
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Tuesday, 10 January 1984
 

Field Trip I: VALDIVIA - LANCO - VALDIVIA 

0730 Dep. Valdivia 

0815 Arr. Pedon CHI-01 (Pelchuqutn) 

Discussion leader: M.L. Leamy 

Rapporteur: B. Clayden 

1015 Dep. Pedon CHI-01 

1100 Arr. Pedon CHI-02 (Lanco). 

Discussion leader: F.N. Muchena 

Rapporteur: N. Ahmad 

1300 Box lunch, Universidad Austral forest 

1400 Dep. Lunch site 

1500 Arr. Pedon CHI-03 (Los Olmos) 

Discussion leader: H. Ikawa 

Rapporteur:" J.M. Kimble 

1700 Dep. Pedon CHI-03 

1745 Arr. Valdivia 

Night in Valdivia, Hotel Isla Teja 

Wednesday, 11 January 1984
 

Field Trip II: VALDIVIA - ANTILLAN..
 

0730 Dep. Valdivia
 

0930 Arr. Pedon CHI-08 (Puerto Fonck)
 

Discussion leader: R.W. Arnold
 

Rapporteur: R.W. Fenwick
 

1130 Dep. Pedon CHI-08
 

1300 Arr. Aguas Calientes, box lunch
 

1400 Dep. Aguas Calientes
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Wednesday, 11 January 1984 (cont'd)
 

1445 Arr. Pedon CHI-06 (ChanleufG) 
Discussion leader: W.G. Sombroek 
Rapporteur: F.N. Muchena 

1645 Dep. Pedon CHI-06 

1715 Arr. Pedon CHI-05 (Antillanca) 
Discussion leader: K. Wada 
Rapporteur: T.D. Cook 

1915 Dep. Pedon CHI-05 

1930 Arr. Antillanca 

Night in Antillanca, Hotel Antillanca 

Thursday, 12 January 1984
 

Field Trip III: ANTILLANCA - PUERTO VARAS
 

0730 Dep. Antillanca
 

0815 Arr. Pedon CHI-07 (Puyehue)
 
Discussion leader: R.L. Parfitt
 
Rapportuer: V.E. Neall
 

1015 Dep. Pedon CHI-07
 

1245 Arr. Frutillar, box lunch
 

1345 Dep. Frutillar
 

1400 Arr. Pedon CHI-09 (Frutillar)
 
Discussion leader: S. Alcayaga
 
Rapportuer: G. Galindo
 

1600 Dep. Pedon CHI-09
 

1630 Arr. Pedon CHI-10 (Puerto Octay)
 
Discussion leader: C.O. Scoppa
 
Rapporteur: R.T. Meurisse
 

1830 Dep. Pedon CHI-1O
 

1900 Arr. Puerto Varas, hotel check-in
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Thursday, 12 January 1984 (cont'd)
 

1945 Dep. hotels for Club Aleman
 

2000 Dinner, Club Aleman
 

2100 Review of Field Trips in Chile
 
Discussion leader: H.L. Leamy
 
Rapporteur: B. Clayden
 

2200 Dep. Club Aleman for hotels
 

Night in Puerto Varas
 

Friday, 13 January 1984
 

0730 Dep. hotels for meeting room
 

Technical Session V: PROPERTIES OF ANDISOLS CRITICAL TO VARIOUS
 
LAND USES (1)
 

Chairman: R. Dudal
 

0800 R. Meurisse: Properties of Andisols important to forestry 

0830 A. Alvarado and E. Bornemisza: 
to crop production 

Properties of Andisols important 

0900 K. Wada: Properties of Andisols important to paddy rice 

0930 Refreshments 

Technical Session VI: 

Chairman: G. Uehara 
Rapporteur: H. Ikawa 

PROPERTIES OF ANDISOLS CRITICAL TO VARIOUS 
LAND USES (2) 

1000 V.E. Neall: Properties of Andisols important to 
horticulture 

pasture and 

1030 B.P. Warkentin: Properties of Andisols important to engineering 

1100 Discussion 

1130 Dep. for hotels, check-out
 

1200 Dep. hotels for Club Aleman
 

1215 Lunch at Club Aleman, Puerto Varas
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Friday, 13 January 1984 (cont'd)
 

1330 Dep. Puerto Varas 

1400 Arr. Tepual airport 

1500 Dep. Tepual aizport, LAN Chile, flight 084 

1635 Arr. Santiago 

Night in Santiago, Hotel Carrera 

Saturday, 14 January 1984
 

0715 Dep. Hotel Carrera
 

0800 Arr. Santiago airport
 

0930 Dep. Santiago, flight EU 042
 

1300 Arr. Quito, Ecuador
 

Night in Quito, Hotel Inter-Continental Quito
 



II
 

PHYSICAL ENVIRONMENT
 

Dr. Eduardo Besoatn
 

Geographical location
 

Chile Is a republic located south west of South America
' 
between the 17030 and 90* south letitude and between the 660301 and the
750401 west longitude. Its length, between the northern and southern
 
boundaries, that is Peru and Cape Horn respectively, is of approximately

11.200 kms. If included the Chilean Antartic territory, its longitude
 
exceeds the 8.000 kms.
 

The region of Lhe Antartic continent situated between the
530 and 90' longitude west, is also part of Chile, and conforms a triangle
 

ending in the south pole.
 

The national area, both continental and insular, amounts
 
to 
756,626 sq km. and that of the antartic territory to 1.250.000 sq km.
 

Chile is very asymmetrical in its length and width; while
 
in the meridian sense it exceeds the 4.200 kms., its mean width is of
 
approximately 177 kms; 
the maximum insular width is of 468 kms. and is
 
located at the 52'21' south latitude. The maximum continental width is
 
found in Antofagasta, between the Mejillones peninsula and the Bolivian
 
boundary, situated at south latitude with 380 kms. The minimum
27°71 


continental width can be found near illapel, 
at 31'37 ' south latitude.
 

The Chilean borders are: to the north with Peru, through

the "Linea de ]a Concordia"; to the east with Bolivia and Argentina by the
 
huge Andean hights; to the south with the south pole and to the west with
 
the Pacific Ocean.
 

Population
 

The data thrown by the last population census held in 1981
 
indicate a population of 11.200.000 inhabitants for Chile. Compared with
 
the 9.780.000 inhabitants of 1970, it means an annual increase of 2.13%.
 
The mean density is of 14.3 inhabitants per square km. Almost 60% of the
 
Chilean territory is not habitable land due to its mountains, deserts,

glaciers, huge salt deposits 
and swamps. The rural population is estimated
 
to amount to approximately 25% of the total.
 

-Physiography 

In the Chilean territory it is possible to distinguish

three physiographic units that, can be clearly observed lenghth and width
 
wise: The Cordillera of the Andes or the Andean Mountain 
Range, the
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Intermediate Depression and the Cordillera of the Coast or 
the Coastal

Mountain Range. Sometimes another physiographic unit, called the coastal
 
plains, isconsidered. (See Figure 1 for Broad Topographic Units.)
 

These physiographic units are subjected to major changes

in their longitudinal development and from the combination of these
 
physiographic bodies, eight territorial regions can be distinguished:
 
1. Big North (Norte Grande): from the septentrional limit to the
 

hydrographic basin of the Copiap6 river.
 
2. Small North (Norte Chico): from the mentioned reliefs to the southern
 

limit of the Aconcagua river basin.
 
3. Central Region: from the preceding limit to the Bto-BTo river.
 
4. The Frontier (La Frontera): from the BTo-BTo river to the stripe that
 

divides the Tolt6n river from the Valdivia river.
 
5. Lake Region: from the preceding stripe to the Gulf of Ancud.
 
6. Chilo6: Island of Chilo6, the Chonos archipel-go and the Taitao
 

peninsula.
 

7. Mountain Range and Patagonian islands.
 
8. Magellanic pampas: territories located east of the Cordillera of the
 

Andes, both incontinental Chile and in Tierra del Fuego.
 
Among these regions, the Central Region, the Frontier and the Lake Region,

from now on the Central-Southern region of Chile, conform the area inwhich
 
Andisols develop, and therefore, we shall limit our discussion to it. It
 
is located between the 330 and 42' south.
 

In the Central-Southern region of Chile the geomorphological

description is done based on the three physiographic units aforementioned,

which develop parallel to the coast and which coirespond to a depresed

fault blocks area - the Central Valleyor Intermediate Depression - between 
two areas of a greater altitude: the Coastal and the Andes Mountain Range.

It is believed this formation concluded at the end of the Tertiary and
 
Pleistocene periods, approximately one million years ago.
 

The Coastal Mountain Range shows a mature landscape, with

rounded summits, greatly eroded. Ithas an undulated topography and its
 
width is of approximately 50 km. The highest elevations are eastward and
 
diminish rapidly towards 
the west. South of the Haule river, the cordillera
 
shows significant ranges which later decrease strongly towards the south.
 

The Central Depression is a rift valley or graben, and the
 
limiting cordilleras constitute the blocks of the "horst". 
 This tectonic
 
depression has been the sedimentation basin of glacial, glaci-fluvial,

fluvial and volcanic deposits from the Andean Mountain Range and to a
 
lesser extent, from the Coastal Mountain Range. Evidence exists (Laugenie
 
et al., 1975; ) that the sediments in it alternate with
 
quaternary laharic deposits of a significant thickness. The height of the
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Central Depression ranges from 25 to 800 mts. with a width of 50 to 65 kms.
 
and a level or nearly level topography.
 

A particular physiographic feature between the Andean Range

and the Central Depression takes place beginning in Talca (35*501 L.S.):

the pre-Cordillera of the Andes. Ithas an undulated topography, with hights

that do not exceed 1.000 mts. and a width that increases towards the south.
 
Glacial, lacustrine, glacifluvial, volcanic and alluvial deposits are the
 
sediments that form this unit. It is plenty of valleys relatively dry during

the summer, and by some other deep cut valleys holding low flow rivers.
 
This pre-cordillera, parallel to the Andes, is interrupted by consequent

rivers coming from the Andes and running to the lower zones of the Central
 
Valley. In fact, this rivers are the continuation of the Central Valley
 
towards the Andes.
 

The Andean Mountain Range. It runs from north to south
 
following the eastern border of the Chilean territory. It isone of the
 
biggest mountain ranges in the Earth. It isa young cordillera, consolidated
 
during the Tertiary and Quaternary periods and in the Big and Small North
 
its elevations reach spectacular heights (Liullaillaco Volcano: 6.730 mts;

Socompa: 6.050 mts; Ojos del Salado: 6.908 mts; Cerro de las 
T6rtolas: 6.323
 
mts. etc.). The vulcanism reappears in the Central Region towards Santiago

(Tupungato Volcano: 6.550 mts.), gradually decreasing in height towards the
 
south where the maximum elevations coincide with the presence of volcanoes.

In Curic6 and Talca the highest elevations are coincident with volcanic cones:
 
Peteroa (4.903 mts.); Descabezado Grande (3.850 mts.); Descabezado Chico
 

°
(3.250 mts.); Quizap6 (3.050 mts.). Facing nuble (37 S.L.), the Nevados
 
volcano does not surpass the 3.180 mts. Southwardmthe Cordillera has been
 
affected by a severe glacial and fluvial erosion resulting in very deep

valleys with steep slopes, giving it a basically alpine appearance (Fajardo,

1975), where relict peneplain zones of the Tertiary topography can be
 
observed. The volcanoes of the Lake Region are somewhat higher: Llaima
 
(3.050 mts.); Villarrica (2.840 mts.); Choshuenco (2.360 mts.); Puyehue

(2.240 mts.); Puntiagudo (2.490 mts.); Osorno (2.660 mts.). Southward of
 
the ReloncavT Bay, the Andean relief becomes more complex and receives the
 
name of Patagonian Cordilleras; it isalso extremely weared out by glacial

action, so in fact its base is sea-occupied. Inthe Magellan region the

fiords cut the cordillera, with a broken up appearance, forming numerous 
islands.
 

Geology
 

The oldest rocks, supposedly pre-cambrian, constitute the
 
metamorphic base formed by micaschists, amphibolites, gneisses and phyllites.

Outcroppings are located in the narrow aiid discontinuous coastal strip of
 
the Coastal Mountain Range, in front of Santiago; they become wider towards
 
the south, specially in front of Valdivia (39.-400 S.L.) where the lowest
 
part of the Cordillera of the Andes can be found.
 

Sporadically, Paleozoic rocks can be found in the Lake

Region, province of Valdivia, between the lakes Calafqu~n and Ranco, where
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conglomerates, sandstones, slates and phyllites outcrop, probably of the
 
permocarboniferous age, they conform a sequence deposited In 
a marine
 
environment (Fajardo, 1975). While plutonic granite-like outcroppings
 
occupy great extensions as intrusive bodies in the crystalline base of the
 
Cordillera of the Coast. Host probably granitic rocks are 
related to the
 
evolution of the Paleozoic geosyncline.
 

The continental Triaasic outcrops in the central-southern
 
area, from the 8th. Region -Quilacoya- to the south, and is represented by

shales and marine slates including fossiles of live origin and intercalations
 
of anthracitic coal layers (Cautin). No triassic sediments 
are found south
 
of CautTn.
 

The marine Triassic is present in the region of the Blo-BTo
 
and includes invertebrated fossils in sandstones and shales with scarce
 
limestone evidences.
 

The plain surface of the Triassic constituted the occidental
 
border of the south american continental mass, which produced an instability
 
zone of the surface crust during the Jurassic, Cretaceous and probably

during the Lower Tertiary periods. The orogenic movements of the Middle
 
Cretaceous, both in central Chile as in the Patagonia, produced the intrusion
 
of the Andean Datholith-Andean diorite (Fuenzalida, 1950) -which greatly

conforms the Earth crust and which is itself formed by plutonite, tonalite
 
to granodiorite and gabbros.
 

The instability of the surface provoked the development of
 
vast geosynclinal basins which, as the batholith, were longitudinally elongated.

Within the Chilean territory, this process came along with an intense
 
volcanism developing deformation processes of granitic intrusions and of
 
accumulation of a great mass of marine sediment (Fajardo, 1975).
 

At the end of the Lower Tertiary, and possibly, during
 
the Oligocene periods the instability of the territory originated orogenic

phases of deformation and folds which were rather continuous during the
 
Plic,-Pleistocene period originating mountain ranges that 
later suffered
 
erosion. During the Oligocene tectonic phase, the Cordillera of the Coast
 
begins its formation process and, also during this period, intense
an 

volcanic activity takes place, giving way to an accumulation of clastic
 
continental deposits which joined the volcanic series.
 

South of parallel 330, the great outcroppings of volcanic
 
rock -andesitic and basaltic- are practically horizontally arranged over
 
rocks of the Lower Tertiary.
 

During the Miocene period, an advance of the sea takes
 
place, and marine deposits develop in a special way in the coastal region
 
of Concepci6n, Ruble, Arauco and Valdivia.
 

During the Pliocene period, the land was a peneplain area
 
with an enormous volcanic cover invaded by small bays in the western part
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towards the inland. 
Also, during this period occurr orogenic movements

that throw the waters to places near the present coast binding the various
pieces of the Andean Cordillera, which, then, acquires a unitary character

This orographic configuration is emphasized during the Quaternary period. 

Volcanism
 

The Tertiary geological activity continued during the
Pleistocene period, characterized by an intense volcanism and strong tector
 
movements; thus producing the differential outburst of great magnitude blo4
 
which orignrted and definetely separated the Andean Mountain Range, the
 
Central Depression and the Coastal Mountain Range.
 

The Central or Intermediate Depression, which is a tectonic

basin or Graben, has been the receptacle of fluvial, glacial, glacio-fluvii
 
an laharic sediments, all coming from the Andean Mountains, which have
 
reached 500 mts. of thickness in the area of Santiago and more than 2.000
 
mts. in the area of Chill~n.
 

Volcanism during the Pliocene and Miocene periods continued
 
uninterruptedly up to the Quaternary period, though less 
intense or
 
decreasing. The products of this volcanism, pyroclastic rocks and particul
tephra gave origin to the volcanic soils. The Quaternary volcanism is limi

mainly to the Andean Mountain Range; the Coastal Cordillera lacks the prese

of young volcanism (Zeil, 1965).
 

The Chilean Quaternary period has produced, in the central­
southern region abundant volcanic ejecta, covering vast areas. This activi 
together with the glacial actions from the Pleistocene period, has shapened
the present landscape. Glacial, fluvial or glaci-fluvial deposits are 
somewhat subordinated, directly or indirectly, 
to the volcanic activity.
 

Notwithstanding, a number of observations indicate that the

Chilean volcanism ison the way to extinction, due to the fact that a great

number of volcanoes have been destroyed by erosion or have been inactive

for long periods and that others simply limit their activity to vapor
emissions. Besides, the explosive phases of basaltic volcanoes and the
 
presence of feldspar phenocrystals in some lava flows are symptomatic.
lilies (1960) has come to the conclusion that the volcanic chain from the
 
south of Chile, the liquid emissions of the F-nly Pleistocene period have

concluded. Today volcanism is characterized by isolated emissions,

particularly ashes. 
 A similar opinion isasserted by Casertano (1962) and
 
by Stone Ingerson (1934).
 

Young vulcanites, petrographically, are composed of olivine

basalts which vary from vitreous to aphanitic, andesitic, biotitic or

augitic forms (Segerstrom, 1964). Tephras vary from basaltic to rhyolitic
terms. In Muioz's (1950) opinion, old lava are hypersthene basalts and
the young ones are olivine basalts. Volcanic products comprise, mainly,
"aa" type lava or blocky lava and above all, ashes widely dispersed in the
central-southern region of the country. 
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CLI MATE
 

Dr. Fernando Santibaflez
 
Prof. Hayd~e Castillo
 

Genetic factors
 

Considering the most striking physiographic features, the
region presents 
a Central Valley which extends to the 41.4' south latitude.
 
Parallel to the coast, this valley limits 
to the west with the Coastal
 
Cordillera whose heighest elevations are found between the 370 
and 380
latitude and between 
the 40 and 41' south latitude. 
 To the east the Andean
 
Mountains make up the highest mountain range of the country. 
 Towards the

south the Central Valley disappears giving way to the sea; separating the
 
continent 
in islands which generally corespond to outbursts of the

Coastal 
Range. These orographic characteristics determine pluviorfetric

gradients from west 
to east, while the latitude determines a pluviometric

gradient from north to south. 
 The distribution of precipitations or

characteristic pluviometric regimes 
in the zone are determined by the
 
dynamics of the south-west Pacific anticyclone.
 

The thermal 
regime possesses oceanic Characteristics all

along the country; the continentality is revealed only in sectors protected

from the oceanic influence as 
it is windward of a greatly developed mountain
 
range. The altitude effect is another factor present, mainly towards the

Andean Mountains whose elevations are higher than those of the Coastal
 
Cordillera.
 

Latitude and orography, in turn, influence the incidental

solar radiation and the insolation. Orography is specially import3nt owing
 
to its exposure effect.
 

Regime of precipitations
 

The pluviometric regimes of the zone are graphically showed

in the ombrothermic diagrams of the annual precipitation chart and monthly

figures are shown in table 1.
 

In the northern part of the zone up to the 39.5' 
south
 
latitude 
through the central valley and 3GV through the coast and the

Andean Mountains, we found the mediterranean pluviometric regime characterize
 
by winter precipitations and warm and dry summers. 
 The amount of dry

months is higher in the valley because it is located under the lee of the

coastal relief. Nevertheless, the dry season is reduced towards the south
 
due to the decrease in height of the coastal mountain range and to the
 
lesser influence of the Pacific anticyclone, which, in turn, determines
 
a greater effect of the latitude factor in this region. In the Central

Valley the annual precipitations reach up to 1.200 
rmnand in the highest

sectors of the coastal mountain range they come near the 2.000 mm.

Eastward, the precipitations exceed the 3.000 mm due 
to the greater altitude
 



TABLE No I 

RAINFALL AND WATER DEFICIT IN SELECTED METEOROLOGICAL STATIONS (in mm) 

MET. STA. JAN. FEB. MARCH APRIL MAY JL-4E JULY AUG. SEPT. OCT. NOV. DEC. MEAN ANNUAL 

DEFiCIT 
Temuco 34.9 36.9 66.6 109.6 217.4 206.7 193.7 158.4 98.5 69.4 72.5 57.7 1324.8 340.0 

P. DomTnguez 43.9 39.9 75.6 104.7 255.0 263.5 257.9 193.6 135.4 79.7 78.5 53.7 1580.7 300.0 

Valdivia 66.1 62.3 105.3 198.5 376.1 384.1 352.7 287.1 204.1 107.5 110.2 94.7 2348.7 90.8 

Frutillar 63.2 65.8 117.6 169.5 217.3 226.2 204.8 175.6 137.7 82.1 92.8 106.5 1659.6 0.0 

Osorno 40.7 67.4 61.3 115.1 215.2 179.4 218.9 196.1 108.O 85.3 68.2 75.4 1431.6 107.5 

Puerto Montt 92.5 94.4 142.7 149.8 240.6 240.5 255.0 221.3 169.7 119.8 108.4 106.6 1941.6 0.0 

Ancud 104.5 102.6 147.1 206.7 334.7 330.8 323.3 279.3 205.7 160.9 127.4 116.8 2438.8 0.0 

Castro 82.4 101.5 128.5 179.8 332.8 332.2 324.0 289.3 224.6 167.9 155.5 105.2 2423.7 0.0 
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in the Andean Mountains. Southward, the rainfall reaches the 2.000 mm in

the limit zone of this pluviometric regime (Chart 1). (INDAP-U. de Chile, 1982.)
 

The second pluviometric regime corresponds to a rainy one
 
with mediterranean influence extending along the southern region of the
 
zone. It is characterized by rainfall all year long. In spite of this,

the influence of the Pacific anticyclone determines a decrease of

precipitations during the bummer with resulting dry months in this season
 
during drought years. Hence the name of this pluviometric regime. Towards
 
the south, rainfall becomes more homogeneous throughout the year, due to
 
a greater oceanic and latitudinal influence. This can be observed in the

ombrothermic diagrams of southern localities. 
 The amount of annual rainfall
 
for the central valley isof 1.500 mm, 2.500 for the coast and of more than
 
3.000 inthe highest parts of the Cordillera of the Andes. Southwards,
 
amounts of rainfall exceed the 2.500 mm (Chart N' 1, Table N' 1).
 

Thermic regime
 

The minimum temperatures of the coldest month vary little
 
on account of the oceanic characteristics of the country. There is a thermic
 
constancy that is evident from the most septentrional areas and thus these
 
temperatures present values similar to 
the ones of the semi-arid zone
 
located in lower latitudes. The values of the isotherms of the coldest
 
months reach 6*C 
in the coast, decrease to 2°C in the pre-cordillera zone
 
and drop to less 
than OC in the highest points of the Andean Mountains
 
(Chart N' 2, Table N0 2).
 

The maximum temperatures vary more due to the insolation and
 
latitude effects, deriving in close isotherms. The continentality is

revealed through higher temperatures in the Central Valley that diminish
 
in the coast because of the oceanic effect and in the Andean zone because
 
of altitude (Chart N0 3). In the Central Valley, the temperatures range

from 270 to 20'C, and in the coastal and southern montainous zones reach
 
170 and 18C respectively (Table N' 3).
 

Moisture regime
 

The amount of dry months vary according to the effect of

climatic factors. In the areas with a mediterranean pluviometric regime

the amount of months with water deficit ranges from 6 to 1. The greatest

deficit is between the 370 and 380 
latitude where the mountain range presents

the hich st elevations. The extension of the dry diminishes gradually
season 

towards he south and towards the coast, and along the coastal 
zone it is
 
limited to one month at 39.50 latitude (Chart N, 4 ).
 

In the oceanic pluviometric regime zone, where there are
 
enough precipitations throughout the year, there is 
a mediterranean nucleus
 
due to the influence of the coastal mountain range present between the 400
 
and 410 latitude inwhich a dry month occurs (Table N' 1).
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TABLE No 2 

MONTHLY MINIMUM MEAN TEMPERATURE IN SELECTED METEOROLOGICAL STATIONS (in -C) 

MET. STA. JAN. FEB. MARCH APRIL MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. MEAN 

Temuco 10.4 10.1 8.8 6.8 5.6 4.6 4.2 4.1 5.1 6.5 7.9 9.4 7.0 
P. Dominguez 9.2 9.3 8.5 6.9 5.8 5.5 5.1 4.5 5.5 6.4 7.7 8.8 6.9 

Valdivia 10.8 10.4 9.1 7.1 6.9 5.6 4.8 4.6 5.3 6.6 8.4 9.9 7.5 

Frutillar 9.0 9.0 7.9 6.1 4.8 3.8 3.0 3.2 3.5 5.1 6.3 7.8 5.8 

Osorno 7.5 6.9 5.8 4.6 4.6 3.2 3.4 3.8 3.0 4.4 6.2 7.2 5.0 

Puerto Montt 10.9 10.5 9.2 7.6 6.8 5.2 4.6 4.6 5.4 6.8 8.7 10.0 7.5 

Ancud 9.5 8.4 8.1 6.3 5.4 4.5 4.6 4.2 4.2 5.4 7.0 8.0 6.3 

Castro 9.4 8.2 7.3 5.9 5.0 3.9 3.7 3.2 3.9 5.3 6.5 8.2 5.9 
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TABLE N 3 

MONTHLY MAXIMUM MEAN TEMPERATURE IN SELECTED METEOROLOGICAL STATIONS (in -C) 

MET. STA. JAN. FEB. MARCH APRIL MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. MEAN 

Temuco 25.3 25.3 22.7 18.7 14.5 12.1 12.1 13.1 15.5 1d.1 20.4 22.8 18.4 

P. Domfnguez 20.2 20.4 19.0 17.1 14.6 13.1 16.8 13.0 14.2 15.6 16.9 18.7 16.3 

Valdivia 24.1 22.5 21.0 17.0 13.1 11.7 11.1 12.3 14.8 17.3 19.9 22.3 17.3 

Frutillar 20.0 19.9 17.8 14.7 12.1 10.2 9.8 10.6 12.0 14.5 16.3 18.2 14.7 

Osorno 23.2 22.5 20.7 17.0 13.5 10.7 10.9 11.7 14.1 16.9 18.8 21.5 16.8 

Puerto Montt 19.5 18.8 17.6 15.2 13.2 11.5 11.0 11.3 12.0 14.5 16.8 18.4 15.0 

Ancud 18.6 18.3 16.8 14.4 12.1 10.5 10.5 10.4 11.6 13.5 15.5 17.2 14.1 

Castro 19.4 19.2 18.2 15.1 13.2 10.5 !0.4 10.5 12.3 14.6 16.7 18.4 14.9 
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Radiation regime
 

The amount of incidental radiation depends on: latitude,
 
CIL'diness and season of the year. The highest values are obtained in
 
December, varying from North to South between 50 - 450 cal/square cm per

day. In June, the month with the highest cloudiness, the values drop clearly
 
from north to south varying between 100 - 60 cal/square cm per day (Table 
No 4).
 

The annual solar radiation varies from north to south
 
between 130 - 90 kcal/square cm a year.
 

Climatic zones according to K6eppen
 

According to K6eppen's classification, these are in the
 
zone three climatic types coinciding approximately with the distribution
 
of the pluviometric regimes already described. (Figure 2.)
 

The first climatic type is the warm temperate climate with
 
a short dry season (Csb 2). It is difficult to precise the southern limit
 
for th;s climate due to the influence of the coastal mountain -ange

(Cordillera of Nahuelbuta) ; but it could be determined in the dry months
 
chart as an approximate value since a dry month was determined with the
 
ratio between availcble humidity (pp) and potential evapotranspiration (ETP),
 
that is pp/ETP.
 

The second climatic type is the rainy temperate climate
 
with mediterranean influence (Cfsb), extending to more southern areas of
 
the described zone. Inthis type of climate the mediterranean influence
 
is so marked that, for example, inValdivia January's rainfall is66.1 mm
 
and June's 384.1 mm (Table N°I ).
 

The third type of climate is the west coast cold temperate
 

climate with a maximum of winter rains (Cfb). See enclosed map.
 

Agroclimatic districts of the region
 

Chart N' 5 presents the agrocl imatic districts that correspond
 
to the zone of our interest. We have used a system developed in Chile
 
consisting in the integration of a set of variables that define the agricul
 
tural potential of a region. The climatic chartography of these variables
 
leads to a chart of agroclimatic districts in which each area is characterized
 
by twelve variables, summarized in a synthetic formula (Chart No 5).
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TABLE NO 4 

RADIATION REGIME IN SELECTED METEOROLOGICAL STATIONS (in cal/cm2 , per day) 

MET. STA. JAN. FEB. MARCH APRIL MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. 

Temuco 544 449 333 205 115 83 95 157 255 338 435 530 

Valdivia 500 420 32!. 194 103 71 67 146 227 332 432 490 

Osorno 489 421 309 194 92 71 76 134 227 332 432 445 

Puerto Montt 458 392 277 170 100 61 73 14 233 327 404 445 

Castro 431 344 296 156 90 61 73 122 200 284 352 417 



3 

CHART 5. 

r T ? 

IV 

I I . 0) M V 

Jill 

7--- --­ =I'M 41-

II .. .. .! r .,6 

II VCAPI1 

1l 413,5131 
ill 

I 

w 14b (In 
12231.3 

W) 1.1010 3 

~UV 
3, 

WII I M1i 
Ima' 

-r 

13) AGRO1LIMATI 

o-e 
t 1131 

lt.M 

u,0 /.n 
scae oo 

5 



31
 

GENERAL FEATURES OF QUATERNARY VOLCANISM IN CENTRAL-SOUTH CHILE*
 

Hugo Moreno Roa
 

Petrology
 

The most striking feature in this region is the abundant
 
occurrence of high-alumina basalt associated with andesite dnd dacite of the
 
calc-alkaline series, while rhyolite is rarely found (Larsson, 1940; Katsui
 
and 	Katz, 1967; Katsui and Gonzalez, 1968; Vergara and Katsui, 1969; Gonzalez
 
y Vergara, 1970; Gonzalez, 1972; Katsui, 1972; Vergara and Gonz~lez, 1972;
 
Moreno, 1974, 1975, 1977).
 

Tholeiitic basalt, however, does not occur in this region,

although Kuno 
(1966) supposed that most of the southern Andean rocks are of
 
tholeiitic derivation.
 

According to Moreno (1974) typical calc-alkallne character
 
of volcanism prevails up to the latitude of Chillan volcanic area (37*00'),
 
further to the south, mainly rocks related to the high-alumina basalt series
 
can be found in the west Andean volcanic range.
 

On the other hand, in dacites Na20 content increases from
 
north to south, while K20 content decreases in basalts, andesites and
 
dactes.
 

Besides, it is necessary to point out that the thickness
 
'
of the crust is around 65 km thick at the latitude of Santiago (33030 south
 

latitude) and only 25 to 30 at the latitude of Puerto Montt. On 
the 	other
 
hand, subduction angle of Benioff plane is around eighteen degrees at the
 
latitude of Santiago while in Puerto Hontt seems to be no subduction angle
 
at all (Kausel and Lomnitz, 1968; Draguicevic, 1970, 1974).
 

These facts indicate that there probably exists a close
 
relationship between chemical composition of volcanism, thickness of the
 
crust and the subduction angle of Benioff plane (Moreno, 1974).
 

Tectonism
 

A remarkable tectonic control of volcanism in evident
 
throughout the entire region. (Figure 3.)
 

From the latitude of Santiago (330 S) up to Valdivia (400 S)

volcanic activity is controlled by N-S and NW-SE fractures and faults (Gonzalez
 
and Vergara, 1962; Gonzalez, 1970; Katz, 1970; Vergara and Gonzalez, 1972;
 
Gonzalez, 1972; Moreno, 1974).
 

(*) 	Partly extracted from: Hugo Moreno, 1974. Airplane flight over active
 
volcanoes of Central-South Chile. International Symposium on Volcanology.
 
Guide Book - Excursion D-3. IAVCEI.
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Between 40° S and 40040, S there Is a trinsition zone in
 
which the eruptive centers alignments are NW-SE; NE-SW and N-S (Katsui and
 
Katz, 1967; Katz, 1973; Moreno and Parada, 1974; Moreno, 1974).
 

Further south from 40040 1 S, volcanic vents are controlled
 
exclusively by NE-SW and N-S fractures and faults (Katsuf and Katz, 1967;
 
Moreno, 1974).
 

The N-S fracture and fault system is related to the general

rise of the Andes since Pliocene time (Klohn, 1955; Aguirre and Levi, 1964;
 
Corval~n and others, 1967; Katsui and Katz, 1967; Gonzalez, 1969, 1970; Katz,

1970; Vergara and Gonzalez, 1972; Katsui, 1972; Moreno and Parada, 1974;
 
Moreno, 1974).
 

Volcanic Areas
 

The description of volcanic areas will be limited to the
 
most important centers which are closely related to volcanic ash soils In
 
South Chile. These areas are: (Figure 4.)
 

I.Antuco - Sierra Velluda
 
2. Llaima - Sierra Nevada
 
3. Villarrica - Lanin
 
4. Mocho -	Choshuenco
 
5. Puyehue 	- Carr~n
 
6. Antillanca
 
7. Osorro - Puntiagudo
 
8. Calbuco
 

1. Antuco - Sierra Velluda
 

' 
Location: 	 370221 to 37035 South latitude
 
71'15 ' to 71'30 ' West longitude
 

General features:
 

Volcanic activity since early Pleistocene up to the Present.
 
A ruined andesitic stratovolcano of Pleistocene age represents the first
 
stage; an eroded andesitic st-atovolcano of Upper Pleistocene age per­
forms a stage event. A final stage consists in the evolution of Antuco
 
volcano of basaltic composition. It developed during Holocene time and
 
consists in asommawith a central cone, lava flows, parasitic pyroclastic
 
cones and ash deposits.
 

Basement is composed mainly of stratified and granitic
 
Mesozoic rocks.
 

Volcanic groups:
 

- Antuco: composed of a somma (relict of Antuco I Caldera
 
stratovolcano) and a central cone (Antuco II)with parasitic craters,
 
cinder cones, pyroclastic deposits and recent lava flows.
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Antuco stratovolcano (2.895 m.a.s.l.).
 

Sierra Velluda - Cerro C6ndor: consist of two eroded 
stratovolcanoes, the older of which is Sierra Velluda volcano. 

Sierra Velluda ancient stratovolcano (3.385 m.a.s.l.).
 

Petrography and chemical composition:
 

Petrography:
 
Andesites of Sierra Velluda - Cerro C6ndor volcanic group 

are aphiric and porphyric with phenocrystals of olivine, augite, hypersthene
and labradorite ina hyalopilitic groundmass. 

Basalts of Antuco volcanic group have olivine, augite and
 
bytownite-labradorite phenocrysts in an intergranular to intersertal
 
groundmass.
 

Chemical composition*:
 
Antuco Sierra Velluda - Cerro C6ndor 

Average of 8 basalts Average of 5 andesites 

SiO 51.61 56.92 
A1293 18.51 17.15 
Fe203 8.46 8.61 
FeO 
Mg0 6.20 2.85 
CaO 8.98 6.56 
Na 0 3.51 4.77 
K20 0.75 1.25 
T10 2 1.01 1.29 
P205 0.24 0.30 
MnO 0.16 0.18 
H20 0.47 0.81 

Total: 99.90 100.69 

Historic eruptions: 

Antuco Volcano: 1752, 1806, 1828, 1839, 1845, 1852, 1853
 
1861, 1863, 1869, 1969, 1982 intermitent fumarollic activity.
 

2. Llaima - Sierra Nevada
 

Location: 	 380281 to 38"52' South latitude
 
710251 to 72'00' West longitude
 

General features:
 

Volcanic activity since Pliocene up to the present.

Composed by a ruined stratovolcano deeply eroded by glaciers (Sierra
 

(*)Vergara y Katsui (1969); L6pez et.al. (1981); Deruelle (1982).
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Nevada)and a modern well shaped volcanic cone (Llaima) with numerous

parasitic craters, pyroclastic cones, lava flows and lahar deposits.

Basement consists in stratified and granitic mesozoic rocks.
 

Volcanic groups:
 

-
Sierra Nevada: consists of and old Pilo-Pleistocene eroded
 
caldera stratovolcano. 

Sierra Nevada strotovolcano (2.554 m.a.s.l.).
 

-
Llaima: composed of a beautiful modern stratovolcano with
fumarollic activity in crater,its central surrounded by numerous pyroclastic 
cones. 
 Itshows extense lava flows and lahar deposits.
 

Llaima stratovolcano (3.124 m.a.s.l.).
 

Petrography and chemical composition:
 

Pet rography: 
Lavas and pyroclastics of Llaima volcano are olivine-bearing
basalts with labradorite an augite, and olivine-augite andesites with
 

andesine.
 

Chemical composition*:
 
Average of 7 basalts Average of 3 andesites
 

Si0 2 52.37 54.97
 
A1203 17.31 17.26
 
Fe203 9.41 9.75
 
FeO
 
MgO 5.22 
 3.29
 
CaO 9.16 7.97
 
Na20 3.03 3.65
 
K20 0.67 
 0.77
 
T1O 2 1.15 1.31
 
MnO 0.13 0.18
 
P20 0.25 0.24
 
H20 0.22 0.13
 
Total: 98.92 
 99.52
 

Tecton ism:
 

Volcanic activity is controled by N 1400 E and N 150 E
 
fracture systems.
 

Historic eruptions:
 

Llaima volcano: 1640, 1751-52, 1852-53, 1862, 1864, 1866,
1872, 1874, 1876, 1887, 1889, 1903, 1917, 1922, 1927, 1930, 1941, 1957,

1960, 1979, permanent fumarollic activity.
 

(*)Klerkx (1965); Deruelle (1982); L6pez y Horeno (inprep.).
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3. Villarrica - Lanin
 

-Location: 	390151 to 39°431 South latitude
 
710231 to 720081 West longitude
 

General features:
 

Volcanic activity since Pliocene up to date. Characterized
 
by three large stracovolcanoes aligned ina NW-SE trend. The oldest unit
 
consists in thick piles of stratified lava flows and pyroclastics, related
 
to old stratovolcanoes. deeply disected by glacial erosion. A number of
 
pyroclastic parasitic cones, extense lava flows and lahars perform the
 
youngest unit, Historic eruptions are related to Villarrica volcano,

located at the NW end of the volcanic range. Volcanic materials are
 
mainly of basaltic compocsition, nevertheless, andesites and dacites 
are
 
also present,
 

Basement consists inMesozoic granitic and stratified rocks.
 

Volcanic groups:
 

-
Villarica: composed by a modern well shaped stratovolcano
 
with a large somma displaced towards the SE. The main active cone is
 

°
surrounded by several pyroclastic cones. A recent N* 30 E fracture can
 
be distinguished at both sides of the summit, caused by the 1971 eruption.
 

Villarrica stratovolcano (2.840 m.a.s.l.).
 

- Quetrupillan: consists in a wide caldera with a central
 
stratovolcano and numerous parasitic pyroclastic cones and craters. A
 
ruined stratovolcano (Quinquilil) 
is located towards the NE of Quetrupillfin
 
volcanoes.
 

Quetrupill6n stratovolcano (2.360 m.a.s.l.).
 

- Lanin: composed by a large stratovolcano partly disected
 
by glaciers.
 

Lanin stratovolcano (3.774 m.a.s.l.).
 

Petrography 	and chemical composition:
 

Petrography:
 
Basalts have Mg-olivine, labradorite and augite in an
 

intergranular groundmass with pyroxene and iron ore.
 

Andesites have andesine-labradorite, olivine, augite and
 
hypersthene in a groundmass with grains of plagioclase, pyroxene and
 
iron ore.
 

Dacites have oligoclase-andesine, augite, hypersthene and
 
ocasionally Fe-olivine in a vitrophyric groundmass with grains of plagioclase,
 
pyroxene and iron ore.
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Chemical composition*:
 
Villarrica QuetrupIll~n-LanTn


Average of 10 basalts Average of 7 andesites Average of 8 dacites
 
SI0 2 51.59 
 55.85 64.0r
 
A1203 18.00 16.79 15.2i
 
Fe203 9.10 8.69 
 5.75
 
FeO
 
MgO 5.71 4.48 
 1.28
 
CaO 8.94 6.44 
 3.54

Na 0, 3.47 4.10 
 4.65
 
K20 0.86 1.18 2.86

TiO 2 1.12 
 1.11 1.06
 
HnO 0.12 0.11 
 0.11
 
P205 0.28 0.29 0.40
 
H20 0.68 0.61 0.70
 
Total 99.87 
 99.65 99.61
 

Tectonism:
 

Volcanism in this area iscontroled by a NW-SE fracture
 
system.
 

Historic eruptions:
 

Villarrica volcano: 1640, 1806, 1860, 1869, 1874. 1875-76,
 
1877, 1883,1893-94, 1908, 1910, 1920, 1948, 1950, 1964, 1971, 
fumarollic
 
activity today.
 

4. Mocho - Choshuenco
 

Location: 391491 to 400051 South latitude
 
' 
71051 to 720111 West longitude
 

General features:
 

Volcanic activity since Middle Pleistocene up to the Present.
 
Characterized by stratovolcanoes, a ruined caldera, pyroclastic cones,

explotion craters and lava flows. 
 Volcanic materials are of basaltic,

andesitic and dacitic composition, they rest with unconformity upon mesozoic
 
and paleozoic bedrock which consists mainly of granitoldes and related rocks.
 

Volcanic groups:
 

- Mocho - Choshuenco: stratovolcanoes, a ruined caldera and a central pyroclastic cone. 
 Parasitic explotion craters and pyroclastic
 
cones.
 

Mocho volcano (central pyroclastic cone: 2.430 m.a.s.l.).
 

(*)Klerkx (1965); Deruelle (1982); Moreno y L6pez (inprep.).
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- Ful: numerous pyroclastic cones and lava flows. 

Petrography and chemical composition:
 

Petrography:
 
Basalts have Mg-olivine, augite and labradorite Inan iron­

rich groundmass with clinopyroxene and andesine. Dacites have clinopyroxene

and andesine. Dacites have c!inopyroxene and oligoclase in a felsic
 
groundmass with clino and ortopyroxene, olIgoclase and iron ore.
 

Chemical composition*:
 
Choshuenco Mocho Fui
 

Average of 4 basalts Average of 2 dacites Average of 2
 
and basaltic-andesites basaltic-andesites
 

SiO 53.16 64.30 54.72 
AI233 19.07 15.66 16.23 
Fe203 8.88 6.46 10.56 
FeO 
MgO 3.99 1.57 3,34
CaO 8.70 3.16 7.67 
Na20 3.40 5.10 3.99 
K20 0.71 1.61 0.86 
TiO 2 1.06 0.94 1.42 
MnO 0.16 0.17 0.20 
P205 0.19 0.29 0.28
 
ppc 0.55 0.56 0.59
 
Total: 99.87 99.82 99.86
 

Tectonism:
 

Two trends of volcanic centers alignement Indicates a tectonic
 
control of volcanism: N 140' E, N 600 E.
 

Historic eruptions: 

Mocho volcano: 1864.
 

5. Puyehue - Carrn 

Location: 40'16 ' to 400401 South latitude
 
' 
71055 to 720351 West longitude
 

General features:
 

Volcanic activity since Late Pliocene up to date. Characterized
 
by stratovolcanoes, ruined calderas, fissural volcanic ranges and numerous
 
pyroclastic cones, maars, lava-domes, lava Flows and pyroclastic deposits
 
widely spread. Volcanic materials are of basaltic, andesitic and dacitic
 
composition, and they rest inunconformity upon Mesozoic and Paleozoic
 
bedrock which consists mainly of granitoids and related rocks.
 

(*)Di Biase (1976); Deruelle (1982).
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Volcanic groups: 

- Carrn - Los Venados: stratovoicanoes, maars and numerous 
pyroclestic cones and lava flows. 

Carrn Maar (300 m.a.s.l.). 

- Mencheca: relicts of an old fissural volcanic range, an 
eroded caldera, volcanic necks and modern well preserved maars. 

Mencheca volcano (1.840 ma.s.l.). 

- Puyehue - Cord6n Caulle: stratovolcanoes (caldera),
fissural 
volcanic ranges, domes and numerous pyroclastic cones, viscous
 
lava flows and extense pumice deposits.
 

Puyehue volcano (2.236 m.a.s.l.). 

- Cordillera Nevada: ancient ruined caldera with lava flows 
and old eruptiva centers Inside. 

Cordillera Nevada volcano (1.799 m.a.s.l.).
 

Petrography and chemical composition:
 

Pet rography:
 
Basalts have Mg-olivine, augite and labradorite in an iron
 

rich groundmass with clinopyroxene, olivine and labradorite.
 

Andesites have andesine-labradorite, augite and sometimes
 
hypersthene.
 

Dacites and rhyolites have augite, Fe-olivine, hypersthene

and oligoclase in a felsic groundmass with ollgoclase, iron ore and some
 
trydimite.
 



41
 

Chemical composition*:
 
Carr~n - Los Venados 
Average of 5 basalts 

Cord6n Caulle 
Average of 14 

Puyehue 
Average of 10 

dacites-rhyol Ites dacites-rhyol ites 
Si02 52.56 69.98 67.66 
A120 3 18.56 14.12 14.68 
Fe203 2.87 4.53 5.50 
FeO 8.03 
MgO 4.34 0.40 0.77 
CaO 7.00 2.12 2.83 
Na2O 
K20 

3.83 
0.69 

5.09 
2.74 

4.94 
2.47 

T10 2 1.33 0.6"1 0.71 
MnO 0.19 0.12 0.14 
P205 0.13 0.12 0.17 
ppc 0.98 

Total: 100.51 99.83 99.87 

Tecton ism: 

The tectonic control of volcanism isevident. The main
 
trends of vent alignments are: N 1200 - 1300 E, N 600 E, N 50 - 100 E.
 

Historic eruptions:
 

1893(0) : Cord6n Caulle (fissural eruption).

1907 Corral Quemado or Rifilnahue (maar explosive eruption with lava
 

outpouring). 
1921-22 Cord6n Caulle - Cordillera Nevada (fissural eruption).
1929 : Cord6n Caulle (pumice eruption). 
1934 : Cord6n Caulle (fissural eruption).
1955 : Carrn, Nilahue or Pillanilahue (maar explosive eruption).
1960 : Cord6n Caulle (fissural eruption).
1979 : Mirador, a pyroclastic cone of Carrfn - Los Venados (pyroclastics
 

and lava flows).

At present with solphataric, fumarollic and geyser activity.
 

6. Antillanca
 
' 
Location: 40*40
 to 400521 South latitude
 

' 
 ' 
72005 to 72025 West longitude
 

General features: 

Volcanic activity since late Pliocene up to Holocene time.

Characterized by numerous pyroclastic cones and maars well preserved,

stratovolcanoes and ruined calderas. 
 Volcanic materials are of basaltic
 
composition and they rest in unconformity upon Mesozoic and Paleozoic
 
bedrock which consist mainly of granitoids and related rocks.
 

(*)Moreno (1974); Gerlach (inprep.).
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Volcanic groups:
 

- Antillanca: stratovolcanoes, pyroclastic cones, lava flows
and rnaars. 

Casablanca volcano (1.990 m.a.s.I.).
 

- Fiucha: stratovolcanoes (eroded calidera) lava flows and 
pyroclastic cones.
 

Fiucha caldera (1.481 m.a.s.l.).
 

- Sarnoso: stratovolcanoes (volcanic ruin), pyroclastic cones,

lava flows and maars.
 

Sarnoso volcano (1.630 m.a.s.l.).
 

Petrography and chemical composition:
 

Petrography: 
Mainly basalts with phenocrysts of Mg-olivine, augite and
 

labradorite. Iron-rich groundmass with clinopyroxene, olivine and
 
labradorite.
 

Chemical composition*:
 
Antillanca Group


Average of 6 basalts 
Sio 
 51.21
 
A1263 19.55
 
Fe203 2.37 
FeO 6.46 
MgO 5.62 
CaO 
 8.76
 
Na20 3.26
 
K20 0.58
 
Ti0 2 0.95
 

0.15

MnO 
 0.13
 
H20 0.60
 

Total: 
 99.64
 

Tectonism:
 

A tectonic control of volcanic activity isevident.

Trends of alignment are: N 1300 E, N 45-60' E, N 800 
E, N 5-10°E.
 

History eruptions: 

No record, but recent activity is evident.
 

(*) Moreno (1975); Pino (inprep.). 
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7. Osorno - Punt iagudo
 

Location: 400521 to 410131 
Sruth latitude
 
' 
720091 to 72041 West longitude
 

General features: 

Volcanic activity since late Pliocene up to the Present.
Characterized by stratovolcanoes, an ancient fissural volcanic range andwell preserved pyroclastic cones. Volcanic materials are mainly of 
basaltic composition and they rest in unconformity upon Mesozoic and
 
Paleozoic bedrock which consists mainly of granitoids and related rocks.
 

Volcanic groups:
 

- Osorno: modern stratovolcano with a somma and numerous 
parasitic pyroclastic cones and lava flows. 

Osorno volcano (2.652 ma.s.l.). 
- La Picada: stratovolcano (eroded caldera) with parasitic 

crater. 

La Picada volcano (1.715 m.a.s.l.).
 

- Puntiagudo - Cord6n Cenizos: stratovolcanoes (eroded),
ancient fissural volcanic range and numerous pyroclastic cones with lava
 
flows.
 

Puntiagudo volcano (2.493 m.a.s.l.).
 

Petrography and chemical composition:
 

Pet rography: 
Mainly basalts with phenocrysts of Mg-olivine, augite and


labradorite. 
 Iron-rich groundmass with clinopyroxene, olivine and
 
labradorite.
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Chemical composition*:
 
Osorno
 

Average of 4 basalts
 
S102 
 50.62
 
A1203 20.23
 
Fe
203 1.43
 
FeO 
 7.91
 
MgO 
 3.65
 
CaO 
 11.31
 
Na 2.78 

0.48
 
0.64
 

P205 0.16
 
MnO 
 0.14
H20 
 0.65
 

Total : 
 100.00
 

Tecton ism:
 

Main trend of alignment isN 50-600 E.
 

Histotic eruptions:
 

Osorno volcano and parasitic pyroclastic cones of SW: 
1719i 1790, 1834, 1835, 1850. Scarce fumarollic activity on the summit. 

8. Calbuco
 

' 
Location: 41013 South
to 410261 latitude
 
' 
72030 to 72045 ' West longitude
 

General features: 

Volcanic activity since Pleistocene up to the Present.
Characterized by a typical stratovolcano evolution, whose different
 
stages were separated by glacial erosion. The final stage is represented
by an activ4 central cone with related lava flows and extense laharic

deposits, .olcanic materials are basaltic and andesitic; they rest in

unconformity upon granitic mesozoic bedrock.
 

Calbuco volcano (2.015 m.a.s.l.).
 

Petrography and chemical composition:
 

Pet rography: 
Basalts have augite, hypersthene, labradorite and little
 

olivine as phenocrysts.
 

Andesites have hypersthene, augite and labradorite-andesine
 
as phenocrysts.
 

(*) Moreno et.al. (1979). 
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Chemical composition*:
 
Calbuco
 

Average of 2 basalts Average of 2 andesltes
 
S1O 2 51.10 56.18 
A1203 20.25 18.42 
Fe203 8.20 8.13 
FeO 
Mg0 4.26 3.89 
CaO 8.86 7.52 
Na20 4.07 3.93 
K 0 0.82 0.67 

0.85 0.90 
MnO 0.12 0.13 
P205 
H20 

0.15 
1.24 

0.18 
0.15 

Total: 99.92 100.10 

Historic eruptions: 

Calbuco volcano: 1837-38, 1906, 1909, 1912, 1917, 1929,
 

1961, 1974. 

(*) Klerkx (1965); Deruelle (1982).
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VEGETATION SYNTHESIS OF THE CENTRAL-SOUTHERN REGION OF CHILE
 

Or. Claudio Donoso Z.
 

Introduction
 

It isalways somewhat complicated to characterize vegetation

in the framework of a region within Chile given the fact that the individual
 
behaviour of species in response to the environment determines gradual changes
 
that materialize ina vegetation continum, inwhich occur overlappings that
 
difficult a clear vision of discrete communities. An effort of abstractio,
 
to identify them isthen needed.
 

Limits of the Central-Southern region of Chile
 

The geographic latitudinal limits of what might be called
 
the Central-Southern region of Chile are not clearly defined. Ifwe divide
 
the territory inthree thirds, the Central region can be located between
 
pardllels 300 and 42' S and therefore, the region comprised between parallels
 
36' and 42' S could be considered the Central-Southern region. The Northern
 

'
limit can be moved somewhat towards the south, to parallel 36030 , with the
 
aim of making it coincide in the cordilleras, with a natural limit occurring

between the mediterranean vegetation and the more hygrophile southern
 
vegetation. Inthe Central Valley, this limit is moved to parallel 380 S
 
approximately and the southern limit must be shifted also towards the south
 
to parallel 430 S, so as to make it coincide with the southern extreme of
 
the island of Chilog, which in itself is a natural limit appropiate from a
 
vegetational point of view.
 

Plant Communities
 

The high precipitations and moderate temperatures, dominant
 
characteristics of the Central-Southern region, allow the existence of a
 
hydric regime normally favoring the development of trees, which, in turns
 
determines that the characteristic of the vegetation be the forest communities,
 
with trees as the dominant individuals. The exception to this are the
 
cordilleran areas located above the altitudinal tree limit, where low
 
temperatures, strong winds, precipitation in the form of snow and lack of
 
soil development prevent, in general, the growth of trees and woody vegetation

giving way to the vegetation of high-andean prairies mainly composed of
 
stunted shrubs, frequently seasonal herbs, some perennial grartmineous, mosses
 
and lichens and variable nude areas; this vegetation, during part of year,
 
rests covered by snow. The most recent works published in relation to this
 
subject, regarding the Central-Southern region, are those of Donoso (1981)

and Veblen and Schlegel (1982). The following vegetational synthesis is
 
based inboth works following a North-South and East-West orientation.
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Forest types of the Central-Southern region of Chile 
 (Figure 5.)
 

1. Lenga forest type 

This forest type can be found from the northern extreme ofthis region, at 
the latitude of the Chill~n volcano, forming the altitudinal
limit of the forest vegetation in the Andean Mountain Range and limiting

towards the highest 
areas with the high andean vegetation or with the
everlasting snows. 
 In this conditions it extends as 
a strip between the
1.600 and 1.900 mts 
to the 37027 ' S.L. In this latitude, It is interrupted
by the 
forests where the dominant species is the Araucaria araucana Mol,

continuing more towards the south at 
the 4048' s Touthlatitude, between the
 
1.000 and 1.300 mts.
 

At the altitudinal limit, the Nothofaqus pumilio (Poep.et.
Endi.) 
Krasser forest (Lenga) presents itself shrub-sized or as Krummhoiz.
Irroediately below it, there occurs a pure Lerga forest with trees 
in a

normal size; as one descends 
in altitude, Lengas become gradually associated

wich Nothofagus dombeyi (Mirb.) Blume 
(coig{e) towards the north and with
Nothofaus betuIo7 
 HMirb) Blume (Coigde from Magallanes) southard of the
' 
40'30 S, to finally dissappear towards lower altitudes.
 

The ticket forest of these forests is mainly dominated by
Chus uea tenuiflora and DrImys winteri 
andean variety (small Winter's bark)
in the highest areas andb Cusuea coTeu(Desv. (Colihue) in lower areas.
 

Besides, Maytenus disticha, Ribes magellanicum (Zarzaparilla),
Berberis spp. 
(Chaura), Myrceugenia chrysocar(pawhite Luma), 
Desfontainea
 
so (Taique), other 
 Frub - like species and other herb 
- like species

of the Vola, Anemone, Valeriana, etc. genus are commun and typical of the
 
grove.
 

2. Roble-Raulr-Coigue forest type
 

This forest type develops 
from the north end of the central­'
southern region to the 
40'30 S. between the 100 and 1.000 mts 
in both
Cordilleras, specially in their 
inner hillsides and in the cordilleran valleys.

South of the 40030 ' 
S. pure forests of Nothofagus dombey (Mirb.) Blume

(Coigue) may be found that 
can be consi in th eTRobe-Rauf-Coigue
 
forest type.
 

In fact, this forest type corresponds to forests of a
second growth, or forests renewed due to felling of trees, forest fires or
natural disasters that have eliminated forests of other forestal 
types, and
where the Nothofagus obliqua (Mirb) Oerst. 
(Roble) , Nothofagus alpina (Poep.et. Endl) Blume 
(Rauii) species have taken advantage of their aggressiveness

and colonizing capacity to 
form forests composed of one or more of these three
species, depending on the altitude, 
latitude and original composition of the
 
forest.
 

In the Andean Mountain Range, in ChIlln area, this type
is represented by CoigUe forest growing immediately below the Lenga forest
 
type. Still lower, Roble 
(Oak) and Raulr appear and, naturally, below the
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500 mts. only new shoots can be found that limit near the Central Valley with
 
the sclerophyll forest type, characteristic of the mediterranean region.

Continuing towards the south the altitudinal andean limit of these renewed
 
areas decreases; towards the highest areas 
they limit with the Araucaria or
 
Coigue-RauiT-Tepa forest types, depending on 
the degree of alteration of
 
those forest types; towards the Central Valley they limit with agricultural

and cattle land characteristic of the Central-Southern Chilc, or with 
remnants
 
of the Roble-Laurel-Lingue forest type, which, according the. modern forest 
typology (Donoso, 1981) are considered to be a subtype of the Roble-Rault-
CoigUe forest type. 

In all this area, the CoigUe shoots dominate in the higher

zones, the Raull" shoots In the intermediate zones and those from Roble in

the lower areas, with mixtures in different proportions of the three species. 

In the Coastal Cordillera, the forest type is of very small 
and scarce Roble shoots south of the Itata river; the major part of this
 
area, 
including the region called Arauco, west of the Cordillera of Nahuelbuta,

Is at present dominated by Pinus radiata D. Don (Pino insigne). South of
 
the Bio-BTo river, the Robleshoots paErticularly and also those from Raulf
 
dom!nate in the mountain slopes of the Cordillera of Nahuelbuta, mainly in
 
the eastern slopes. 
 Towards the higher areas they limit with the Araucaria 
forest type and towards the Central Valley with agricultural - cattle lands 
or with Pinus radiata D. Don plantations. Going southward, these new shoots 
are limited to scarce and small areas. 

Besides the three Nothofagus species which characterize
 
this forest type, some prototypes inherent to the original type can be found,

depending then on the 
latitude and altitude in which the forest Is located. 
The most common woody species among the accompanying species is Gevuina 
avellana mol. (Hazel tree), but also we can find Persea lingu Ness--ingue),
Laur=l ia sepe rens (R.et.Pav.) Tul (Laurel), L.--hyliee-ana (Phil) Losser 
(Tepa), Aextoxicon punctatum R. et. Pav. (OlivlTo), smailer species such 
as Luma apiculata (') as (Myrtle), Lomatia dentata (R.et.Pav.) R. Br. 
(stree or Piiol) and many others, aRong which stands out bamboo,
sometimes very abundant, Chusquea quila (Mol. ) Kunth, which in some coigje
forests of the highest areas iE reFsrTep d by Colihue. 

3. CoigUe-RaulT-Tepa forest type 
In both Cordilleras, this forest type develops a little 

more towards the south than that of the Roble-Raulr-Coigue type. In the 
Andean Mountains, it develops beginning the 370 S.L. approximately, due to 
the incorporation of Laurelia phillppiana (Phil.) Losser (Tepa) to the

Not(obus glyme m (Coig(e) and Nothofagus alpina (Poep. et End].)

Oerst (RaulT) forests; from that latitude they extend up to t e 40*30 ' S.L. 
In a stripe located below the Lenga or Araucaria forest types and beneath
 
the Nothofagus obliqua (Mirb.) Oerst. shoots or of the remnants of the Roble­
Lingue-O i v tlype.
 

In the Coastal Cordillera, this forest type begins from 
approximately the 380 S.L. to the 4o030' 
S.L., also located ina strip
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which in itn superior limit sometimes reaches the highest elevations, or

else, limits with the Alerce (larch) forest type, while towards the lower
 
areas it limits with the Roble shoots 
or with remnants of the Roble-Laurel­
Lingue-Olivillo forest type or with the Evergreen 
forest type tov,ards the
 
western slope of the Cordillera.
 

The three species composing the name of this fDrest type are

obviously the ,ost characteristics. Nevertheless, there exista 
a latitudinal
 
variation in the floristic composition; in the septentrional areas, among t:-e
 
dominant tree! are 
common Aextoxicon punctaturn R. et. Pav. (Olivillo) and
 
Weinmannia trichosperma Cav. (Tineo), wTCeIi the 
meridional areas the
 
Olivillo dissappears and a coniferous 
type, the Saxegothaea conspicua Lind.
 
(short leave or 
fcmale MafiTo) becomes common. Throuqhout all the forest type,

Dasyphyllum diacanthuides Less 
(Trevo or TayG) is present, the only Chilean
 
arboreal composite. 
 In the grove there are differences as well; while towards 
the north the abundant spe!cies are Gevuina avellana Mol . (Hazel tree) and 
Lcmatia dentata (R.et.Pav.) R. Br. 7ii'ol or avellanillo) together with other 
shirub-ike species such as Gaultheria sp. 
(Chaura), Myoschilos oklonga,

Chusquea guiI (Mol .) Kunth and Ch. Coleu Desv. 
(Col ihue) , they TlmT
 
dissappear more to 
the south and7Tn turn, the common species are Drimys

winteri andean var. 
(Small Canelo), Chusquea tenuiflora (small quila) and
 
other shrub-like species.
 

4. Araucaria forest type
 

This forest type develops in the Andean Mountain Range

between the 900 and 1.700 mts. from the 37027 ' ' 
to the 40'48 S.L. and in
 
the Cordillera of Nahuelbuta, in the coast, between the 1.000 and 1.400 mts.
' 
from the 37040 to the 38040 
 S.L. It is found between the altitudinal
 
forest limit and the 
Coigue-RauIT-Tepa or Roble-Raulr-Coigue forest types,
 
in the lower areas where it is distributed.
 

In the highest sectors of its distribution, sometimes the
 
Araucaria araucana species (Mol.) Koch. forms 
unmixed forests, but it is
 
more common to find it associated with Nothofagus pumilio (Poep. 
et. Endl.)

Krasser (Lenga). In lower altitudes, iT associates with-Nothofagus dombeyi

(Mirb.) Blume 
( Coigue) and rarely with Nothofagus alpina (Poep. et. End).)
 
Oerst. 
 In the cold sites it is found together with Nothofagus antarctica
 
(Forst) Oerst. (Fiirre) and rarely with Nothofagus obliqua (irb.) Oerst.
 
(Oak).
 

The grove of the 
forest, relatively open, is mainly constituted
 
by Drimys winteri andean var. (small winter's bark), Chusquea coleu Desv.
 
(Colihue,_diverse species of the Berberies genus and others.
 

5. Oak-Lingue-Laurel-olivillo forest type
 

This forest type is reduced nowadays to the remnants of an
 
original forest of great value that extended all along the Central Valley and
 
throughout 
the hill-sides of both Cordilleras below the 400 mts, from the 380
 
to the 410 S.L.
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Besides these 
scarce remnants, prairies and cultivated areas

with big and dispersed individual of Nothofaus qua (Mirb.) Oerst. (Oak)

and Laurelia sempervirens (R.et. Pav.) Tur (Laurel} are all what is left.
 

The composition of the remnants of this forest type is
characterized by big specimens of N. obiua and some smaller trees of L.

sempervirens, Persea aIngue--Aextoxicon punctatumlingue Ness. and R. et.
Pav. (Olivillo) eies. The presence of the coniferous species Podocarpus
salignus D. Don (long leaves Mahfro) is common in these forests an hat o 
t e Nothofagus dombeyi (Nirb.) Blume (Coig{e) inthe more humid sectors of it. 

Towards the south, Laurelia phillippina (Phil) Losser (Tepa)

can be frequently found and in the cordiller 
 Eucshies, hia cordifolia 
Cav. (Ulmo). 

The grove is frequently formed by Gevulna avellana (Mol.)
(Hazel tree) Raphithamnus spinosus (A.Juss) Moldenke (male mytle) Chusquea

quila, (Mol.) Kunth. 
(Quila) and by many other species whose presence will

depend on the latitude and the state of the remainder forest. The climbing

plant Lapageria rosea (Copihue) is also common in these forests.
 

6. 2vergreen forest type 
This forest type can be found approximately from the 40'30' 

to the south limit of the central-southern region below the 1.000 nits 
In the

Cordillera, although thickets of this type, similar those of theto remnants 
can be found somewhat more to the north 
in lower areas. In the Coastal
 
Cordillera, this type begins 
to appear in the coast at approximately the
 
380 S and continues towards the south limit of the central region in an
 
increased expansion until it becomes the type that covers the whole
 
Llanquihue and Chilo6 regions.
 

This forest type is characterized for being constituted by
 
a great number of species whose common elements are perennial leaves, hence
 
the name evergreen. This species, which can amount to 20, combine in
 
different ways, originating very variable and different associations. In
 
the coast, where the northernmost limit of the type is found, the most
 
common species is Aextoxicon punctatum R. et. Pay. (Olivillo) which sometimes
 
forms almost unmixTe-- )rests up to island included;
Chilo6 this species

associates with Eucryphia cordifolia Cav. 
(Ulmo) and with Laurelia philippiana

(Phil.) Losser (Tepa species that as elevation becomes higher, replace the
 
Olivillo. Similar Olivillo thickets are 
also found in the borders of the
 
lakes at the foot of th'e Andean Mountain Range. 

At higher altitudes, the forest is dominated by big Ulmo
 
species, with some Weinmannia thrichosperma Cay. (Tineo) in tile upper levels.
 

As subdominant trees we 
find Tepas, Manius (Saxeothaea

conspicua Lindl., 
Podocarpus nubigenus Lindl), Dasyphyllum diacanthoides 
Less. (Trevo) and Drimys winteri Forst, (Winter's bark); this last tree is 
specially important, and sometimes dominant in the Island of Chilo6. With
 
greater humidity conditions, the Ulmo is absolutely replaced forest
in this 
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by another great height tree, Nothofagus nitida (Phil.) Krasser (Coique
 
of Chiloi) without the rest of te composition varying too much. ;t is
 
characteristic of these forests a great development of arboreal subdominant 
or intermediate species of Myrtaceas, particularly Amomyrtus luma (Mol.)
 
Legr. et Kaus (Luma), Amomyrtus meli (Phil.) Legr. et Kaus iMKeTIT, Myrceugenia 
ovata (Hook et Am). Berg. (PataguTa) M. planipes (Hook et Arn) Be a(Picha
o-Patagua), sometimes Luma a iculata (M-rt ; an Tepualia stipularis 
(Hook et Arn.) Griseb (ep) in very humid areas. 

In the Central Valley this type develops in very limited 
drainage conditions, known as FRadis and Hualves. In these conditions, 
besides the mentioned species appear Myrceugenia exsucca (DC.) Berg, (Pitra),
Temu divaricatum Berg. (Temu) , Nothofaus dombe lT.' Oerst. (Coige) 
andor-ayenus b aia Mol. (Mai t6'n). 

The shrub-like species common in these forests area Azara 
lanceolata (Aromo), Chusquea spp. (Quila), Lomatia ferruginea (Cav.) R. Br.
 
(Fuinque or Romeril.o), Desfontainea spinosa Dum. (Tatque Raphithammus
 
spnosus (A. Jun.) Moldenke(male mnyrt-le, Pseudopanax laetevirens (Gay.)

Hars."elderberry) and diverse lianas, cli9b1n9 and epiphyte plants, besides 
mosses and ferns.
 

7. Larch forest type 

Larch forests are irregularly distributed from the 39050 ' 
' 
to the 43030 S. In the Coastal Cordillera it grows in the high areas near 

the summits, from the south of Valdiv.:a to the 41'15 ' S.L. in the continent
 
and in thickets in the Cordillera of Saint Peter in Chilo6. In the Andean
 
Mountain Range it is found from th,. Central Valley to the 1.200 mts in the
 

° 
arboreal height limit, between the 40 and the 43 3O' S.L. The old thickets
 
of the Central Valley do no longer exi:;t and only tumps in decomposition
 
rema in. 

The dominant species in these forests is Fitzroya cupressoides 
(Mol.) Johnston (Larch). Sometimes it formsalmost unmixed forests and 
sometimes it combines with Nothofagus nitida (Phil.) Krasser (Coigie of 
Chilo6) or with Nothofagus betuloides (Mirb.) Blume (CoijUe of Magallanes), 
Weinmannia trichosperma Cav. (Tineo), Drimys winteri Forst (Winter's bark), 
"PodocarIu nubi enus Lindl. ( sharplea "maniu)T ,Saxeqotliaea conspicua 
Lindl.) and a so Laurelia philippiana (Phil.) Losser (1epa)in the Andean 

Mountains. Common shrub97ike species in these forests are Myrceucenia 
planipes (Picha), Desfontainea s (Taique), Ugni candoTle (myrtleberry) 
Cnodendron hookeranum (Chaquhue Polizonte) anTPhilesia magellanica 
(Coicopihue) and several other shrubs). 

Also in this region can be found groups of trees or isolated 
trees of Austrocedrus chilensis (D. Don.) Florin et Bout in volcanic or 
very rocky areas of the Andean Mountain Range.
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TNlE VOLCANIC ASH SOILS OF CHILE(*)
 

The distribution of volcanic ash soils in Chile (Fig. 6
 

Soils derived from volcanic ash fall into two well-defined
 
divisions: those with a significant amount of amorphic material in their
 
clay fraction, and those either without amorphic clay or with such a
 
small amount that it has no practical significance for both the farmer
 
and the soil scientist. Soils of the latter division are found where
 
the volcanic ash has been deposited in regions with arid or semi-arid
 
climates, and they also occur under the very cold conditions prevailing

in very low latitudes or at very high altitudes. In Chile, such soils
 
are widespread in the northern deserts, at 
the margin of the Patagonian

desertic region, at high elevations in the southern Andes and, most pro

bably, in Antarctica Chilena.
 

The distribution of volcanic ash soils In Chile can best be
 
discussed under two headings.
 

- in the arid and semi-arid regions
 

- in the sub-humid and humid regions.
 

In the arid and sub-arid regions
 

In this kind of environment the soils are subject to minimal
 
weathering and leaching, but may become strongly enriched by the upward
 
movement of soluble salts. Furthermore, the organic regime (as defined
 
by Taylor, 1949) is exceedingly weak. With weathering at such a low in
 
tensity, and under the intensely dry condition; that prevail for most
 
of the time, the volcanic glasses in the parent material disintegrate
 
very slowly, and if amorphous allophane is formed at all, it certainly

does not remain long in colloidal form. Since the weathering environment
 
is saturated with cations, most probably clays such 
as montmorillonite,

illite and vermiculite are formed in place of allophane. 
 In any case,

extremely small amounts of clay are formed 
In these desertic soils.
 

' In quite a number of these soils, silica released during

the weathering process may move slowly and bring about silica cementa
 
tion of subsoil horizons. This is particularly noticeable in some de
 
sert soils formed from siliceous rhyolitic ash.
 

However, in general, there is little to differentiate the
 
soils derived from volcanic ash from other soils 
in the arid landscape.

Under extreme desert conditions, only the highly pumiceous ash soils
 
stand out, and then mainly because of the presence of the white pumice

gravel. Under slightly less desertic conditions, weak silica cementation
 
often occurs in pumiceous soils, yet be absent from other soils in the
 
landscape. Under semi-desertic conditions, soils derived from both
 

(*) Extracted from: 
 Charles A. Wright, 1965. The volcani ash soils of
 
Chile. Report N0 2017. FAO, Rome, 201 p.
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acidic and intermediate kinds of volcanic ash may show a minor amount
 
or amorphic clay formation, but this takes the form of silt rather
 
than clay. Possibly the amorphous alumina colloid shrink to form
 
clusters under the long interval of very dry conditions that follow
 
the brief period when rain has moistened the soil enough to permit

operations of the weathering processes, forming silt-sized compound

particles which appear to be rather resistant to further wetting.
 

In the subhumid and humid regions
 

In Chile, one of the regions of very intense volcanic
 
activity from Quaternary time onward was along the western flanks of
 
the Andes in the south-central sector of the country. Most of this
 
region lies well within the humid zone; and as 
a result post-glacial

deposits of volcanic ash are at 
a stage of weathering marked by great

abundance of amorphic clay. 
 The soils forming in these ash beds the

refore disply almost all the typical characteristics of soils rich "n
 
amorphic clay and the agriculturalists of Chile recognise a distinct

region of volcanic ash soils. The great majority of these are called
 
"trumao" soils from at Araucanian Indian word implying lightness or

dustiness. A smalle group, on low lying land and with 
a seasonally

perched watertable, are known as "'iadi" 
 soils, which is another Arauca
 
nian word connoting land that is swampy, but possessing a Cirm subsur

face so that it is transitable with care. In referring 
to volcanic
 
ash soils of the subhumid and humid regions of Chile 
in this report,

these indigenous and widely used local 
soil names will be employed.

Trumao soils are essentially freely drained soils: hadi 
soils are
 
seasonally waterlogged (Wright, 1959, ii).
 

On the flanks of the Andean cordillera, and on some of the

high plateaux, volcanic ash has accumulated as a direct subaerial de

posit during the actual period of the eruptions. Since the prevaifTng

winds are from the west and southwest, much of the ash clouds settled
 
to the east of the Andean divide, and only a relatively small propor

tion was deposited in Chilean territory. Nevertheless, the lower
 
foothills and high terraces of the Chilean side of the Andes do show a
 very heavy mantle of ash materials. Much of this is undoubtedly a se
 
condary deposit derived from volcanic ash that was carried far out over
 
the plains of the Central Valley by the large braided river systems and
 
was, subsequent to deposition as volcanic alluvium, picked up by the
 
strong westerly winds and drifted back over the foothill region. This

ash material 
has been called "volcanic loess" to distinguish it from
 
the subaerial volcanic ash of direct deposition. The name is open to
 
question by those who wish 
to retain "loess" for the finer by-products

of glacial 
action, but short of coining a new name ("aeolium"?) there
 
is little to be done about it. The volcanic loess is usually somewhat
 
more uniform in composition than subaerial ash, and often contains
 
some rounded quartz grains and plant opal. 
 Volcanic loess occurs not
 
only on the Andean foothills, but appears at intervals cn 
the western
 
face of the coastal range where it is presumably derived as drift ma
 
terial from nearby coastal terraces and beaches. A similar aeolian
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material has also been found in areas where sedimentary rocks containing

volcanic glass are being abraded by the wind.
 

In some parts of south-central Chile, the swift-flowing
 
transverse rivers carry fresh volcanic ash (as well 
as eroded volcanic
 
loess) right to the coast. Here it is picked up by the north-flowing
 
current and eventually deposited along the beaches. This volcanic
 
alluvium, as well as estuarine and coastal deposits with a high propor

tion of volcanic minerals, are comparatively commonplace in south-cen
 
tral Chile. In places, rivers overloaded during a particularly inte~se
 
period of volcanic activity have built up high banks, changed their
 
courses, and formed long, sloping alluvial fans. Steeper alluvial fans
 
are common along the foot of the Andes: some of these originated as
 
giant mudflows and sludge-like deposits, still besprinkled with enor
 
mous boulders (resembling glacial erratics) that were floated intu po

sition in a medium of high density (Wriuht 6 Espinosa, 1962). VolcaFic
 
ash lies very thickly on all but the st,.p..st of the Andean slopes,
 
although the thickness of this mantle often diminishes in the inmediate
 
victinity of the volcano. 
 It is apparent that where hot volcanic ash
 
or noxious gases destroy the native forest, erosion subsequently strips
 
away the ash; in areas where the vegetation is not killed, the fine ash
 
is permitted to accumulate from one eruption to the next and ash beds
 
several meters in thickness have been recorled from slopes in 
excess
 

.
of 450 These steepland volcanic ash soils ksteepland trumao) erode
 
rather rapidly when the forest is felled and young colluvial soils of
 
mixed ash materials accumulate near the fooc of the slopes. The strip

ping of the ash mantle from deforested slopes may assume catastrophic
 
proportions when triggered by seismic movements (Wright & Mella, 1963,
 
I and ii).
 

The distribution of volcanic ash and related materials 
in
 
the subhumid and humid regions of Chile covers a range in latitude of
 
about 20'; commencing with the appearance of small scattered areas in
 
the Andean cordillera inmediately north of the Maule River (latitude

350S). Thence, proceeding southward, trumao soils 
occur with increa
 
sing frequency in the foothills of the Andes, they form an
until almost
 
complete mantle in about latitude 36*30'S. 
 On the lowlands, scatter2d
 
patches of trumao-like soils of alluvial origin appear in latitude
 
35*30'S; and these grow more extensive to the south, until in about la
 
titude 390S almost the whole of the land between the Andean ranges anu
 
the sea is occupied by trumao or trumao-like soils. Further to the
 
south, the ash mantle on the Andean ranges 
is very thick and complete,

but does not extend (except in a few places) to the coastal ranges;

in these latitudes, the fhadi soils appear on the plains and terraces
 
of the Central Vale. This pattern is continued on the Chilog island,
 
while on the very steep and dissected mountains of the Andes on 
the
 
mainland opposite, the sub-aerial ash mantle continues unbroken, except

where removed by, in historic times, man-induced erosion. At the latl
 
tude of the southern port of Ais~n (latitude 45°S), the trumao soils ­
still cover the undisturbed hill and mountainsides, and further extend
 
westward into Argentina where their amorphic clay properties diminish
 



60
 

owing to increasing dryness and coldness of the Patagonian climate.
 
Trumao soils continue well below latitude 500S, but are somewhat restric
 
ted to a narrow more humid foothill region on both sides of the Andean ­
chain. At high elevations, and on the western Patagonian pampa, condi
 
tions are too cold or too dry for the formation of amorphic clay in sTa
 
nificant amounts in the soils. 
 On the hills east of PuntaArenas (lati

tude 530S), there are podzoliLed soils which are in part formed from ­
volcanic ash, but the 
amount of amorphic clay in their profiles is very

small. In these latitudes, most bog soils have layers of wlcanic ash
 
clearly preserved in the peaty profile (see also Auer, 1950). 
 By studying

the extent of these ash layers it is possible to be certain that volcanic
 
ash constitutes a part of all 
the soils in the Magallanes Provinces.
 
Yet amorphic clays are not a significant feature of any of these soils.
 

This brief resume of the distribution of volcanic ash soils
 
In Chile would be incomplete without mention of the soil 
parent materials
 
of Easter Island; the westernmost outpost of Chilean territory, 2000
 
miles from the Arauco peninsula, the nearest point on the South Amer
 
can mainland. The volcanic soils of Easter 
Island (Diaz, 1949, 19517
 
Wright and Draz, 
1963) are somewhat older and more basic in origin than
 
most of the volcanic ash soils of the Chilean mainland. They occur
 
mainly on the old volcanic cones where they are in part mixed with
 
weathered scoria. Related soils, possibly 
formed from a type of loess
 
rich in volcanic minerals, rasped from the steep cliffs surrounding
 
most of the island by the persistent trade winds, occur in patches
 
throughout the island.
 

There are many volcanic ash soils in the sub-humid and humid
 
zones of Chile that do not achieve recognition as trumao or hadi soils.
 
These are all from older volcanic ash, in which the weathering process

is more advanced and amorphous clays have been largely replaced by semi­
crystalline and crystalline clays like halloysitic and kaolin. These
 
soils no longer have the morphological, chemical, physical, nor the
 
farming or engineering, attributes of trumao and hadi 
soils: in Chile
 
they are known collectively as the "red volcanic clay" soils, and they

fall outside the terms of this enquiry; although some 
intergrades between
 
these soils and trumaos are mentioned.
 

There are important pedologicci and farming differences
 
amongst the various kinds of trumao 
and fadi soils. However, before
 
closing this introduction, it is well to remember that from time to
 
time, almost the whole of the Chilean atmosphere must have been charged

with fine volcanic dust, and every soil 
 in the country likely contains
 
some minerals of volcanic origin and that 
are not representative of the
 
local rocks. The proportion may be small, as judged by the remaining

resistant minerals (see also Le6n, 1962); 
but the total contribution
 
over the centuries may he considerable, and may account for some degree

of similarity that may be observed throughout the Chilean soil assemblage.

This may be 
even nore true of the soils of Argentina, a patient land
 
that has accepted without protest many million 
tons of volcanic dust
 
blown across from volcanoes on the Chilean side of the Andes.
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The common properties of Chilean amorphic volcanic ash
 
soils are discussed in Section of this report, together with a brief
 
summary of the main kinds of trumao and fladi 
soils 	occurring in Chile.
 

A. Andosols- of Chile: General characteristics, formative environment
 
and main kinds of soil
 

1.Trumao Soils
 

(a)General characteristics
 

The general characteristics of the andosols of Chile are
 
as follows:
 

i) 	 The whole soil profile tends to be mellow and frfable, usually with
 
clearly distinguishable depositional stratification, and with a
 
distinct colour difference, sharply defined, between the topsoil

and the subsoil. Occasionally one or more of the subsoil layers
 
may be pumiceous and cemented.
 

ii) 	Topsoils range from brown 
to nearly black, and the natural colour
 
(as visible under the natural plant cover) persists for a long

time after the onset of farming, even where no particular effort
 
is being made to sustain the organic matter content of the surface
 
soil. Textures are usually loam, with varying amounts of sand and
 
silt.
 

iii) 	 Subsoils are noticeably more yellowish than the topsoils; in extre
 
me cases yellowish-brown or yellowish-red incolour; ranging in ­
texture from loam to clay loam, and usually with a high content of
 
silt (part of which may be aggregated clusters of dried amorphous

allophane). When completely dry, the powdered soil behaves like
 
fine sand and is slow to rewet, but often the soil isonly apparen

tly dry and when squeezed firmly between finger and thumb, there
 
is an abrupt sheering sensation, and the soil becomes moist, with
 
a rather "slippery', 1soapy", or "greasy"' feel. Naturally moist
 
soils have an easily recognised greasy feel, and under pressure

they become "smeary" or, when rubbed strongly for some time in
 
the palm of the hand, the soil material may almost become liquid.

All of these are useful tests for the presence of allophane in
 
appreciable quantities.
 

iv) 	Deeper subsoil horizons are nearly always depositional strata, and
 
may vary widely innature; their boundaries are often very distinct
 
and marked by abrupt changes in texture, compaction, consistance
 
etc.
 

v) 	 Seldom, if ever, are the qualities of stickiness or plasticity

pronouced in the topsoil or upper subsoil horizon of trumao soils.
 

1/ The name "Andosol" is used by C. Wright to embrace both "trumao and
 
"fMadi" soils.
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If these appear in the lowermost strata, it is usually 
an
indication that the passage of time has permitted the change
of allophane clay toward meta-halloysite or one of the other

structurally orientated clays.
 

vi) 	 The whole soil 
has a very low bulk density, expressed as a
notable "fluffiness", has low volume weight, and the peds 
are
usually quite porous. When thoroughly dried, peds are often

difficult to rewet, and may float briefly when thrown 
into
 
water.
 

vii) 	 The upper soil horizons have a high water-holding capacity, and
 
a high water retaining capacity when once 
thoroughly wet. The
 upper subsoil horizon may develop very prominent shrinkage

fissures on drying. 
Both topsoils and subsoils form long ice
pillars and needles where roadside cuts are exposed to heavy frost;

frost heaving of the topsoil is commonplace on ploughed land
 
inwinter.
 

viii) 	There is usually intense fibrous root 
development in the topsoil
but relatively few tree roots penetrate Into the deeper subsoil
 
layers.
 

ix) 	The clay fraction is dominated by amorphic mineral compounds,

usually allophane, which, lacking a permanent charge or possessing
a high variable charge, causes 
the soils to be strongly buffered

against changes in pH and gives the soils an 
apparently high base
exchange capacity. 
 Thus soils commonly have a base saturation

seemingly inconsistent with their pH values. 
 Chilean trumao

soils range in acidity from around pH 6.7 to pH 4.5, but their

base status may lie between 90 percent and 2 percent.
 

x) 	 Trumao soils have characteristically a high base exchange capa

city, a high anion exchange capacity, and a very high rate of
 
phosphate "fixation".
 

xi) 	 The soils are difficult to disperse properly for textural determination. Soils that are essentially clays by definition in ­properly dispersed material have field textures no heavier than

silt loam or even 
fine sandy loam. Proper dispersion may usually
be achieved by treating the soils with hot dilute peroxide

solution, washing on a Buchner funnel 
first 	with water and then
with N/20 hydrochloric acid, then again with water, and dispersing

finally in sodium hexametasulphate solution at 
a strength of 3
 
grams per litre (Birrel, pers. comm. 1960).
 

xii) 	 Total nitrogen is high to a remarkable depth in these soils, and

this is often accompanied by such a high total 
carbon content

that the C/N rations are commonly unusually high for a considera
 
ble depth down the soil profile.
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xiii) 	On analysis by X-ray and D.T.A. equipment, and from Inspection of
 
electron microscope photographs, Chilean trumao soils (Besoatn,

ibid, 1958; 1961; 1963, inpress) have allpphane as the dominant
 
mineral In the clay fraction. Besoatn also reports that many

Chilean trumao soils have considerable quantities of gibbsite

present, even 
in the upper part of the subsoil horizon. In this,

the Chilean soils differ from New Zealand amorphic soils where
 
gibbsite appears mainly in the lower horizons and strata. 
 In the
 
lower strata of some trumao soils, where weathering of the older
 
depositional materials is more advanced, kaolin and amorphous

silica have been found along with halloysite, hydrated halloysite,

gibbsite and hydrous oxides of iron.
 

xiv) 	The variable charge mechanism also poses problems for, where the

pH isbelow 5.0, the soil should, in theory, become electropositive

and release of active alumina should increase. Many trumao soils

have been shown to contain a high proportion of exchangeable

alumina, and free alumina compounds have also been detected quite

frequently. 
 These 	latter are quite toxic to alumina sensitive
 
crops, such as sugar beet.
 

(b)The formative environment
 

Within the general limits of humidity (subhumid to perhumid)

and temperature (warm to cool temperate) outline in the opening remarks,

the trumao soils of Chile occupy a number of well-defined kinds of

environment. The formative environment is thus somewhat varied but
 
the approximate range in climate, topography, parent materials and

natural plant cover 
is set down below. These are not only of interest
 
to scientists studying soil genesis, but have considerable bearing on
 
land use practices.
 

I) 	 Climate
 

Precipitation: at the dry extreme, allophanic soils occur under
 
a precipitation of somewhat less than 1000 millimeters per annum,

with a very unequal distribution in that there are no less than

five continuously dry months 
(inwhich the monthly rainfall is
 
less than 60 millimeters), although rarely does any month have
 
less than 10 millimeters. In this area evaporation rates during
 
the dry summer months are very high.

At the other extreme of their moisture range, trumao soils occur
 
under a precipitation of over 4000 millimeters par annum, with
 
no well marked dry season. Some areas regularly experience winter

snowfalls up to 3 meters in depth, lasting on the ground for one 
or two months; other areas are virtually frost free (e.g. parts
of Chilog Island) throughout the year. 

Temperature: the average mean annual temperature ranges from 
about 	15*C to less than 8°C; with a 
winter (July) range of less
 
than 1°C 
to about 8.5'C; and an average summer (January) range

of around 13°C to over 20'C. 
 Freezing and thawing phenomena are
 
characteristic of some areas, absent inothers.
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II) Topography 

Trumao soils may be found on almost any type of relief, from the

extremely rugged and precipitous slopes of the Southern Andes, to
the flat plains and terraces of the central vale. 
 The topography

perhaps most characteristic of the Chilean trumao soils 
Is the

strongly rolling to undulating "ceja de montaila" strip of foothill
 
country extending along the face of the Andes from Chillgn to near
Villarrica. This is a most important farming region, but here the

soils 
are only in part derived directly from subaerial volcanic
 
ash: mainly it is a region where soils derived from re-sorted and

re-deposited volcanic loess. 
 The true subaerial volcanic ash
soils 	are 
found further in towards the volcanoes, usually on stee
 
per hill slopes, and as steepland soils amongst the ranges. 
 On
 
the plains of the central vale, trumao soils are mainly derived
from volcanic loess and from volcanic alluvium; and along the
 
coast 	 there are some areas of rolling landscape covered with tru
mao-like soils derived mainly from loess originating from coast'l
 
drift 	materials.
 

lii) 	 Parent materials
 
The most obvious difference in the soil 
parent materials lies in

the presence or absence of pumice fragments and the proportion of
 
angular or rounded quartz sand.
 
Pumiceous and conspicuously sandy volcanic materials are more
 
common in the south of the trumao soil region (from Llanqulhue Province 	southwards), but highly pumiceous areas also occur 
in the

high 	cordillera at several places north of this 
limit. There is

also 	a visible coarsening of the ash materials along any radius

towards a volcano, ending at the point where all 
ash isobscured

by coarse scoria and similar large ejecta or by recent lava.
Stratification of the ash beds also Increases along any radius 
to
 
wards the volcano. At some distance from the vent, where allis of a fine grade, stratification of the leds is sometimes 

asR" 
verydifficult 
to make out without laboratory investigation of selected
 

samples.

General observations show that the great majority of the ash beds
in Chile are of intermediate to acid origin: basic volcanic sands
 
a e comparatively rare, occurring chiefly 
in the Los Angeles area
where 	 they originated from Antuco volcano, and descended on thelowlands as a sudden sand flow connected with the rupture of a ]a
va barrier across the front of Laguna del Laja; also over smalle7 areas near Llaima volcano; and in the vicinity of some moreof the
southerly groups of volcanoes, including several areas in Ais6n 
Province.
 

Iv) 	Natural plant cover
 
To a Chilean, the typical natural plant cover associated with tru
 
mao soil is the roble (Nothofagus obliqua); but this 
is true onl"
 
over 	a limited part of the whole extent of trumao soils, 
- the 
sector between Chill~n and Puerto Octay, along the face of the
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Andean cordillera. Elsewhere, trumao soils are associated with
 
broadleaf evergreen forests (the "laurel" forests with abundant 
Laurelia sempervirens, Laurelia serrata, Driys winteri, Aextoxicon
 
pca'um, and, especially in the south , Fpia
cor ifol ia);
with mixed forest containing podocarps suc as t e maOro (Podocarpus
nubigenus) and coigUe (Nothofagus dombeyi); with alerce forest 
(F.tzroya cupressoides), - atoug TTFT magnificent timber tree 
has been cleared from most areas of trumao soils; with "north Pata 
gonian rainforest (Schmlth~isen, 1956) dominated by coigUe, but wilth 
associate species of Weinmannia, Saxegothaea, Laurelia and Nothofagus

nitida; with iirre forest (Notofaius antarc1.ica); and with
 
forest (Nothofagus umi1,o). In addition to Mte above types of
 
forest cover, trumao soiTl also may be fourd with savanna-parkland
 
natural vegetation inwhich the ground cover is grass, with nume
 
rous scattered bushes of Acacia caven ("e.pino") and large isol-ted 
roble trees; and under a tinuous- ow 'hrub vegetation dominated
 
by maqul (Aristotelia sp.). In coastal areas, some small patches

of trumao carry evergreen forest with abundant litre (Lithraea 
caustica), boldo (Peumus boldus), etc.
 

(c) The main kinds of trumao soils 
There are six major subdivisions within the trumao groupl/,
 

each characterized by a measure of difference in the degree of weathering,

degree of leaching, and intensity of melanisation (humus incorporation).
 
These are environmental factors operating during soil formation, and
 
they operate not only on trumao soils but on all 
the other kinds of soil
 
In the vicinity. Thus, by studying these other, somewhat older soils
 
associated with trumao soils, 
one is able to get a more comprehensive
 
idea of the regional environmental impress on soil formation than if the,
 
generally younger, trumao soils 
were studied alone. By thus extending
 
the scope of the enquiry, one can delimit with greater surety the appro

ximate boundaries over which the present strength of the weathering,

leaching and melanising factors are operating with about equal force. 

There are six principal weathering categories: slight, 
slight-to-moderate, sub-moderate, moderate, and moderate-to-strong, and 
strong-to-very strong. The latter category is restricted to Easter Is 
land. Within these six categories, the soils show varying degrees of
 
leaching and melanisation; which accord fairly well the recorded rainfall
 
data, 	 temperature data, and age of the soil, and other factors influen 
cing the intensity of the soil process.
 

i) 	 In the first weathering category belong the scattered patches of
 
trumao in the Andean foothills of the provinces of Talca and Li
 
nares; their derived alluvial and colluvial associates on the
 
Central Vale; a very small area of related soils, somewhat pumi
 
ceous, around Laguna del Maule (at an altitude of 2.100 metersT;
 
a few patches of volcanic loess along the coast near Tregualemu;
 
and some small areas of trumao at the margin of the Patagonian
 

I/ C. Wright emphasize that at the moment when he wrote this paper
 
there 	was no adequate laboratory information to make possible a 
precise statement on the limits of the main kinds of trumao soils.
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pampa between latitude 45°S and 460S. 
 These soils are all of
 
minor extent, but they are all 
no more than slightly weathered,

and they all exist under relatively weak weathering environment;

although they differ amongst themselves rather widely in age, in
 
degree of leaching and in degree and type of melanisation. These
 
are the "extreme northern" examples of trumao soils in Chile. 

Ii) In the second weathering category, where the present weathering
impress is slight-to-moderate, we have the main area of trumao
 
soils of the Andean foothills and ranges stretching from north of 
Chill~n to south of Los Angeles; together with their derived allu
 
vial and colluvial associates. Patches of recent volcanic ash,

in which weathering isonly just commencing occur near certain
 
volcanoes; but apart from these, 
the degree of weathering appears

to be fairly uniform over the zone, and the main 
variatiss in
 
the soils are due to 
leaching and melanisation. These soils re
 
present the "northern" group of trumao soils. 

Iii) In the third category, where the present weathering Impress is
 
submoderate (i.e. 
rather more than In the preceding zone but less
 
than "moderate"), we have an important area of trumao soils cen
tred about the Province of Cautin. In this zone, trumao soils­
extend from the right to thenear coast Argentinian border, and 
include soils derived from volcanic loess, volcanic alluvium,

coastal drift (volcanic) loess, and subaerial volcanic ash, 
some
 
of which is markedly pumiceous. Soils range from slightly leached
 
to very strongly leached, and from weakly melanised to strongly

melanised. These soils represent the "modal" or "central" group 
of trumao soils in Chile.
 

iv) In the 
fourth category, where the weathering impress can be des
 
cribed as moderate, are the trumao soils of Valdivia, Osorno, Elan
quhue and part of Chilo6 Provinces. Here again, there are tru 
maos of various age and origin, ranging from slightly leached lo 
strongly leached, and from slightly melanised to very strongly
melanised. These soils represent the ''southern" trumao soils. 

v) In the fifth category, where the weathering impress is moderate­
to strong, we have soils 
in the south of the island of Chilo6,

in "Chibo6 continental'', and in the southern province of Ais6n.
 
Here most soils 
are fairly strongly leached and melanised, although

the type of melanisation varies rather widely. These soils are
 
the "extreme southern" type of trumao ash soil in Chile. 

vi) In the six and last weathering category, 
we have only the soils
 
developed ,ear the volcanic cones on Easter Island, and their
 
related loessic volcanic soils. These soils represent the Chilean
 
"tropical" trumao soils.
 

With the exception of the sixth category, in which near tro

pical temperatures have markedly accelerated the 
rate of weathering,

the 
remaining five categories cover a relatively small range in mea3n
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annual temperature (from about 15°C in the north to about 90C in the
 
south; and the weathering environment isclearly controlled nore by the
 
mean condition of soil humidity and by the pe of the rainfall than

by mean air temperatures or by the total pr~TcTiit ion. The five weathe 
ring categories correspond quite well with the mean length of the summe7 
dry season; the somewhat cooler but continuously moist soils of the 
southern part of the trumao range are continuously moist soils and are 
thus subjected to considerably more weathering than the rather warmer 
soils of the northern sector where the soils are relatively dry for 
nearly half the year.
 

Admittedly, this subdivision of the trumao soils of Chile is
 
still largely an experimental one, and much essential laboratory data 
still needed but, does accord reasonably well with land use practices

and with farming experience. In some cases, the suggested subdivision
 
of the trumao soils cuts across soils that, up to the present time,
 
have been mapped as a single pedological unit; - for example the old
 
San BArbara trumao soils have been divided into two parts, the northern 
part carrying the old name and the southern part being provisionally
 
named Cautfn trumao soil.
 

2. Nqadi Soils
 

(a) General characteristics 
Nadi soils have many of the physical and chemical characte
 

ristics of trumao soils, but differ rather conspicuously in their mor 
phology. Thi- are essentially similar to "pseudogley" soils, in tha? 
they are seasonally waterlogged due to impeded drainage and the develop

ment of a peched watertable at from 18 to 36 centimeters below the
 
surface. Unlike. pseudogley and gley soils, subsoil mottling is rare or
 
non-existent. The conspicuously dark topsoil colour of the trumao soils
 
il usually present, but the subsoils are often a more pronounced 
yellowish-brown, and become brownish yellow or yellow inthe 
zone most
 
affected by the perched watortable. Thin, discontinuous iron pans or
 
a layer of hard nodules r .en occur at the base of the ash layer, inme
 
diately above the ceme- .J glacial or alluvial gravel. On drying (as­
when drained), the upper part of the profile ma develop strong vertii
cal fissures of sufficient regularity to give the appearance of massive
soil columns.
 

Radi soils are usually less "fluffy" and are more consolIda 
ted than trumao soils, and are often slightly more stic!.y and plastic­
when moist. Many of their chemical characteristics seem to be the same
 
as trumao soils, although some of them tend to be intergrades to .oils 
that do not have a significant amount of amorphic clay.
 

(b) The formative environment 

i) Climate 

Towards the northern liit of the "Aadis", the mean annual rain 
fall lies between 1.200 millimeters and 1.500 millimeters with up 
to two months with less than 100 millimeter-, but in the region
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where the hadi 
soils attain their maximum development, the mean
 
annual rainfall 
lies between 1.500 millimeters and over 3.000

millimeters with no months 
in the year with less than 100 milli
 
meters. 
 In this latter zone the precipitation during the thre7
 
winter months 
frequently exceeds 1.000 millimeters. Over the who

le range of the "iadis", the mean annual temperature lies betweeT 
1OC and 12*C. The warmest month (January) lies with the range

14C and 17.5°C; while the coldest month 
(July) lies within the
 
range 7°C and 8.5C (Almeyda, 1958).. Cloud cover averages 60 per

cent over the year. According to Papadakis (1961), annual evapo­
transpiration lies 
between 25 and 50 centimeters per annum, so

that the excess precipitation theoretically available for leaching

through the soil 
is in the range of 175 to 200 centimeters per

annum. No actua! evaporimeter data are available for the 
region

of the "hadis"; but field observations sUgges, that in some cases
 
the removal 
of the forest results in the soil conditions becoming

wetter than formerly, and hence water 
lost by direct transpiration
 
may considerably exceed that 
lost by direct evaporation.
 

I) Topography and parent materials
 

Any study of fiadi soils must begin by considering the origin of
 
the typical landforms associated with these soils, and the proba

ble manner of emplacement of the volcanic ash on this 
landscape

Recent drilling by petroleum exploration groups has shown that the
 
shape 
 of the bottom of this sector oF the great Central Valley of
 
Chile varies markedly. 
 Usu fly the bedrock is micaschist, and
 
this is covered with from l.O feet 
to over 4.000 feet of sediments,

mainly sandy and gravelly. The uppermost part of this 
filling ma
 
terial 
is clearly of glacial origin (Weischet, 1958), and the ha­dis occur on flattish to very gently undulating landforms between
 
morainic debris. There is evidence to suggest that the parent ma

terials of the hadi soils were 
emplaced subsequent to the last ­
glaciation; although buried radi-like soils, probably dating from
 
earlier glacial periods, have also been found.
 
Not all hadi soils 
are associated with glaciated landscapes. Those

of the northLrn sector (e.g. Pitrufquen soils) are found on old te
 
rrace landforms, while some of those 
in Chilo6 Island are also 3so

ciated with terrace formations and even with local lacustrine depo­
sits. None of these landscapes are likely to be older than 
the
 
ultimate glaciation. All hadi soils occur on 
flat or very gently

undulating landforms.
 
The stratigraphic column of hadi soils is much abbreviated as com
pared A4th adjacent trumao soils on 
more strongly rolling land ­
forms, and there is usually no recognisable correlation of the
stratigraphic sequence between the 
latter soils and hadi soils in
 
the vicinity. There is also the prohiem of the method of deposi

tion of the original volcanic materials. Usually the material Ts

free os stones and gravel; although on Chilo6 Island, hadi sub
 
soils often contain very fine rounded quartz pebbles, especiaTly

common in the lower horizons. In Chilo6, 
it is easy to think
 
of the soil materials as being emplaced by water, yet, apart
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from the fine rounded gravels there are no other indications of
 
their possible alluvial origin. Moreover, the materials usually

show a notable thickening toward the edge of the terrace which

Is difficult to contrive solely by deposition from water; and is
 
almost impossible to imagine when there are several levels of te
 rraces all apparently covered with the same kind of ash depositTon

and more or less following a common pattern of stratification.
 
A more feasible explanation is that the soil parent material was

probably deposited mainly in the form of "loess" rich in volcanic
 
glasses on the wide outwash plains of a periglacial zone. The
 
presence of occasional rounded fine quartz pebbles in the material
 
may indicate nothing more than the force of the wind, and the pro

bability that the land surface was periodically frozen allowing

the pebbles to roll for some distance. The source of these peb

bles is never far distant; they are usually to be found inthe­
sandy morainic deposits of the vicinity. A few cases have been
 
noted where these pebbles have clearly been resorted by very local
 
water movements, and this also is entirely feasible in a frozen
 
landscape subject to periodic thawing and even solifluction.
 
The discrepancy between the depth of the volcanic materials on
 
the adi plains and that on the trumao-covered downland isproba

bly a matter of distortion of wind currents by the latter topogra

phy, allowing thicker deposition of the wind-bo.-ne volcanic dust­
lor more turbulent air. 
The fact that weak str3tification is vi
 
sible in the hadi 
parent materials, and very marked stratification
 
is visible in the nearby trumao parent materials, serves as an in

dication that the 
source of the dust was not consistent over the­
whole period of accumulation. Well-defined shower layers also
 
occur in the trumao soils, and in a few cases these shower layers
 
can be traced, without break, into the hadi stratification, where

it is found to be much reduced in thickness but virtually of the
 
same basic composition.

As a tentative theory, then, one would be inclined to suggest

that the Iadi soil parent materials are mainly of aeolian origin,

and that the great majority of them were deposited not earlier
 
than date of the last withdrawal of the ice from this part of

southern Chile. Older materials deposited in the same way at the

end of earlier glaciations have been almost entirely destroyed by

erosion of the lowland landscape assnciated with the cutting of
 
new drainage channels during the various interglacial periods.

The process of loessic accumulation did not cease inmediately on
 
the final retreat of the glaciers, but continued through the
 
early part of the post-glacial period when the landscape was in
 
termittently re-frozen; and was 
further prolonged, in some areas,

to allow loessic deposition on the first allu'ial terraces. 
 The
 
process probably finally ceased when the land was 
again clothed
 
in vegetation.

Fragments of older fiadi-like soils, some very rich inorganic ma
 
tter (and perhaps containing valuable pollen remains), 
are occa­
sionally preserved In cemented ash beds included in morainic de
 
bris. Cemented ash beds of this 
type are thought to represent

ash materials that fell on 
the glacier surface, gradually becoming
 



70
 

incorporated Inthe glacial ice. This ash was 
subsequently re

leased when the glaciers retreated, the deposited material cemen
 
ted (apparently by silicates of calcium and magnesium), permittTng

the preservation of other materials present in the glacial ice. 
Amongst these were relatively large and irregular patches of fro
 
zen soil, ploughed up from the pre-glacial land surface by the
 
advancing snout of the glacier. These are not in the
so common 

moraines of the last glaciation, which was a relatively minor
 
one, but are very common in the morainic materials of the penul
timate glaciation. Thus, still 
cemented in relatively unweath'red
 
ash materials, we can still find soils dating from at "east the 
penultimate interglacial period. Some of these fossil soils are 
so well preserved that it is possible to re-construct their ori
ginal orientation (some are inverted and some are now at right­
angles to their original position), and to find the thin iron-pan
of the original "B" horizon still intact. Many such relicts are 
not simply fossil volcanic ash soils, but are clearly fossil iadi 
soils. They deserve much greater investigation than they have 
had up to the present time. Still older soils are preserved In 
cemented ash materials associated with the second glacial period;

they must represent fossil remnants of the landscape that existed

during the first interglacial period, and are even more worthy 
of study.
 

iii) Natural plant cover
 
In the north, where they first appear, the patches of "hadi" ve 
getation are conspicuous as being something different in the l'nds
 
cape; in the center of their range, they 
are the dominant feature­
of the landscape; and at their southern limit they merge into
 
peat bogs and cool temperate, very humid rainforest. Throughout
this climatic range, no single plant species can be said to be
 
characteristic of "adi" vegetation; and the dominant 
trees vary

from north to south, and also vary with local soil conditions.

By comparison with surrounding forest communities, the "Miadi" fc 
rests are, however, conspicuous for a preponderance of plants ­
with xerophilous characteristics. The "hadi" flora is rich "in
Myrtaceae, Ericaceae, Berberidaceae, Juncaceae and Cyperaceae.
The general aspect isof a stunted thicket, relatively dense,

with a very dense herbaceous lower stratum of an abundance of
 
mosses, especially sphagnum, and ferns" (Rodriguez, 1948). A

further feature of the "hadi" forests is the extreme shallowness
of the root systems of the trees. Species commonly found in "a 
di" vegetation include Drim s winteri ("Canelo"), Tepualia
stipularis ("tepu"), Embothr umcocc 'neum ("Ciruel 1 ", Ovidia 
piIIo~p I10 ("p IIo-pMo") , Aristote I a cI lensis ("Maqui"T-
Loai eruie ("Fuinque) , Lomati1 a 36-TuaR adal"),
Berers bifol ("Calafate") , Gunnera hhiesis, Verbena
corymb, 
 Lomata sp., 9accharis saitTlis, 0lenlandia uniflora,
Isolepsis vivipara,-uncus procera and Juncus."Less 
common genera ly, but somets'me's-ot great local importance, are 
such species as Myrceugenia planipes ("patagua valdiviana"), 
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Myrceugen a p tra ("pitra"), us luma ("Luma") , Podocarpus

nubigenus C'ma----"), Saxegothaea consp-ua, Pigeroendron uviferum,
 
Gevuihna avellana ("ave ano"), Eucryphia cordifoiia ("ulmo"),

D alneaspinosa ("taique"), Fitzroya patalonica ("alerce"),
 
We'_'nmnnia tr prma, etc. in many areas, the most prominent
 

'
 tree is Nothofagus; colder situations favour N. antarctica ("flirre" )
 
the more swampy situations favour N. nitida, whiTeFN.-.uJm7l io
 
("lenga") and N. dpbyi ("coigUe"T are more common inth-e-'ler
 
and higher ralnfaTV areas. Between Puerto Hontt aoid Lake Llanqui
 
hue there formely existed an area of "iadi" entirely dominated b7
 
very large Fltzroya trees.
 

In the case of the Aadi soils, where soil processes are in
 
part strongly influenced by seasonal waterlogging, low oxigen content
 
and the seasonal development c: t;,;* gleying processes, they can be re
 
garded as poorly drained soils related to specific trumao soils of the'r
 
particular weathering region. Radi soils first appear in the third
 
weathe. 'ng zone, reach their maximum expression in the fourth zone, and
 
dissappear as a distinct entity in the fifth weathering zone; it may
 
therefore be more convenient to regard them, as is the present policy in
 
Chile, as a group quite distinct from the trumaos. In the southern half
 
of the Province of Llanquihue, where the rainfall frequently exceeds
 
2.000 millimeters per annum, excessive accumulation of acid forest litter
 
produces a distinct peaty topsoil in many of the localities with hiadi
 
soils. Still further to the south, on Chllo6 Island (in about latitude
 
42* 00S), peaty topsoil conditions become a general feature of ail 6iadi
 
soils in their natural state. In about latitude 42°25'S, near Mocopulli
 
on Chilo .Island, in some of the flatter lowlands areas 
some hadi soils 
begin to show marked peat accumulation; and the forest vegetation becomes 
replaced by sedge communities, by Gleichenia - Pernettya - Baccharis 
associations, scattered Donatia cushions and with typical wet bog species
 
such as Sphagnum, Tetroncium and Marsippospermum. In the extreme south
 
of Chilog Island, the distinctive pattern of the "Madis" become lost, 
- completely submerged in the "north-patagonian rainforest" (Schmithusen, 
1956) dominated by Nothofa us gobyl. In this latitude, (i.e. at about 
43°00'S) the "fiad" concept Is no onger applicable; it is no longer
 
possible to Identify specific seasonally swampy areas since, with a
 
rainfall in excess of 3.000 millimeters per annum evenly distributed
 
throughout the year, all the soils in the landscape are characterised
 
by abundant humidity at all times.
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3oILS OF SOUTH-CENTRAL CHILE
 

Walter Luzio L.
 

The main soils in the south-central part of Chile are

those with udic and perudic moisture regimes, which form the
 most important areas where the volcanic ash soils are developed.

Nevertheless it known
is there are also Andisols with xeric
 
moisture regimes.
 

The soils with udic 
moisture regime extend throughout

the piedmont of the Andean Mountains, the Central Valley,

and the Coastal Cordillera fr.-n 380 to 420 
S latitude. The
soils with 
a perudic moisture regime are distributed along

a narrow belt of north-south direction at 
a higher altitude

than the Andean Piedmont; and also from 
420 to 520 S latitude

throughout the region of fiords. However, 
no precise data
 
are available with regard to this regime.
 

Between 330 to 420 S 
latitude Chile contains three funda­mental physiographic 
units: the Andes Mountains, the Central

Valley, and the Coastal Cordillera. The three regions 
show
 very distinct characteristics. 
 The soils developed in those

units differentiate themselves 
because of differences mainly

due to parent material, relief, and time.
 

SOILS OF THE COASTAL CORDILLERA
 

Three different parent materials 
can be identified in
this area: metamorphic rocks, granitic 
r 'ks, and old volcanic
 
ash.
 

Moderately to strongly 
weathered micaschist forms the
 
parent material for many important soils of the area. Accord­
ing to different surveys the pH of those soils 
is always below

5.5, the cation exchange capacity is around 
25 meq/100 g of
soil and decreases with depth. total
The iron expressed as
Fe203 is about 14%. The soils developed on this micaschist

make up a rather extensive soil association and some of its
members qualify as Paleudults and others as Thodudults. There
 
are some areas where the strong weathering and the intense
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leaching have formed a strongly developed coarse-textured

albic horizon. 
 In these cases the underlying horizon is too
weakly developed to meet the levels 
of accumulation of an
 
argillic or a spodic.
 

The soils developed over granite normally 
have a high

clay content that decreases regularly with depth below the
argillic horizon. 

is 

The pH is arouna 5 and the iron content
smaller than in the soils derived from micaschist. When

they have a xeric moisture 
regime they meet the requirements

of Palexeralfs and Haploxeralfs. In more humid conditions
 
they qualify normally as Hapludults.
 

The last 
group of soils in the Coastal Cordillera are
those derived from old volcanic ash. Different authors agree

that this is 
the common parent material for an important group
of soils. The clay 
fraction is dominated by metahalloysite,

halloysite, and kaolinitic materials, assuming that this minera­logical suite corresponds to the weathering of the volcanic

glass. 
 The presence of fresh volcanic glass at different
depths in the soil profiles is interpreted as recent rejuvena­
tion due to modern events.
 

The most relevant research has been carried out by Dr.
Eduardo Besoain has
who proposed the following weathering

sequence for the volcanic 
glasses in Chile: volcanic ash
(glass) - allophane, imogolite - halloysite - kaolinite.
These old volcanic 
ash soils have been reported over andesitic
 or basaltic tuff and 
also over highly weathered conglomerates

of cobbles 
and pebbles. High clay contents of kanditic type

are very common in the weathered rocks. The majority of these
soils are located on the east side of 
the coastal cordillera.

Considering the soils c- this physiographic unit as a whole,
the most striking feature, common of 
a great number of them,
is the red color. Normally they are in the 5 YR of the Munsell
Color Chart and many of them are in the 2.5 YR. 
 This is the
 
reason why they have locally been given the name of "red clay
soils" in the first 
years of the colonization. They also
have in common 
a rather high clay content and argillic horizons

with prismatic to blocky structure.
 

SOILS OF THE CENTRAL VALLEY
 

Elevations in the Central Valley fluctuate from 25 m.a.s.l.
to 300 m.a.s.l. and the relief varies 
between nearly level

(0-1%) to moderately steep (20%). In the area with a xeric
moisture regime, 
the soils have reached a higher degree of
evolution, 
and argillic horizons are frequent. In wetter
 
areas, volcanic ash soils dominate and 
are found with different

degrees of evolution, 
each of which occupies different physio­
graphic positions and are subjected to different drainage

conditions.
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The youngest, volcanic ash soils normally have a cambic
 
horizon which is very weakly developed. They are generally

deep soils over andesitic tuff on usually convex slopes of
 
less than 15%. Most of them qualify as Dystrandepts.
 

In landscapes with undulating 
 relief, other volcanic
 
ash soils with a higher degree of evolution have been identi­
fied. In these soils the allophane continues as the dominant
 
clay mineral, but is associated with metahalloysite. This
 
is interpreted as a more advanced stage of evolution, assuming

that this mineral comes from the weathering of the allophane.

In addition, the structure in the cambic horizon is more strongly

developed and the bulk density is near to one. We think that
 
this type of soil is at the boundary of the Andisol concept,
 
even though they still show some andic properties like high
 
rates of phosphorous retention.
 

Important areas of the Central Valley are 
found occupied

by a particular type of soil derived from volcanic ash, locally

known as "Piadis." The adis are located in sectors with low
 
relief, level to nearly level, characterized by excessive
 
wetness for prolonged periods during the year.
 

The Radis are thin (25 to 50 cm) to moderately deep soils
 
(50 to 100 cm) with clear horizon differentiation. The epipedon

with a high organic matter content seldom qualifies as histic,

because it does not have enough thickness. There is a dark
 
brown Bs, normally with subangular blocky structt 'e over a
 
distinct yellowish B which rests abruptly on a plac..ic horizon.
 
The subtratum is a glacifluvial deposit that corresponds to
 
the outwash of the piedmont glaciers. Under some local drier
 
conditions, the upper part of this deposit is strongly cemented
 
into a duripan.
 

There is one more morphological feature that characterizes 
this particular type of soil -- the placic horizon, present 
as a black to reddish-black, thin layer (from 1 to 5 cm thick)
between the high-chroma B and the glacifluvial deposit.
 

Normally these soils have a high chroma and 
 for that
 
reason would not meet the color requirement to be classified
 
as Aquand according to the ICOMAND (Circular No. 5). In addi­
tion, the epipedon seldom qualifies as histic and "he flaci­
fluvial deposit is not always indurated into a duripan.

Furthermore, the soils are usually saturated 
with water more
 
than half of the time, which is enough to be considered as
 
having an aquic moisture regime. Thus, at present time there
 
is no place for this type of soil following Circular No. 5.
 
Our feeling is that Placaquand could be the best great group

that represents in a precise way the conditions of the Fiadi
 
soils, taking into account that the placic horizon is the
 
actual restricting layer.
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SOILS OF THE ANDEAN MOUNTAINS
 

In this sector, two main 
subsectors can be recognized;

first, the Andean Mountains Piedmont, located between the
 
great mountains 
and the Central Valley; and second, the Andean
 
Mountains proper.
 

The piedmont is characterized by rolling to hilly land­
scapes, with slopes between 10% to 
35%. It is normally dis­
sected by numerous streams of east-west direction; the slopes

that face the streams are very steep and the soils vary con­
siderably in depth. Some of them developed over
are strongly

cemented tuff. Medium to fine textures with high to very

high water retention capacity and bulk densities 
lower than
 
0.8 are common features of these soils. In our opinion, most
 
of them correspond to the central concept of the Typic

Dystrandepts.
 

Some of the soils show a clear layering produced by the

successive deposition of the volcanic ashes. In general 
the

degree of evolution of the soils is rather incipient. Allophane

and imogolite have been described as dominant minerals in

the clay fraction. There is also some chlorite. 
The Durandepts

are present in those areas where 
the tuff is found in the
 
upper meter, and usually all the soils are 
in the medial
 
families.
 

The other subsectors, the Ar.ean Mountains proper, 
is
 
characteri2ed by a strong relief, with slopes over 25%; the

valleys are narrow and confined. The parent materials are

normally coarser volcanic materials than the ashes, like cinders
 
and lappillis; in addition, 
there are scorias and lavas.
 
Consequently, the cindery families are frequent. 
 Most of

these soils show only a thin accumulation of organic residues
 
at the surface. They are shallow to very shallow over volcani­
clastic materials and we can say that these are the 
least
 
developed of all the volcanic soils.
 

The majority of these recent soils presently do not qualify

as Andepts because the epipedon is too shallow to be considered
 
as umbric. It seems logical to accommodate these recent soils
 
on vc-canic materials with the Entisols, considering they

do no; have any kind of diagnostic features.
 

This has been only 
a brief review of the main landscapes

and the associated soils of the south-central region of Chile,

taking into 
 account the most relevant properties of them.
 
There have been surely some omissions and this review is not
 
a comprehensive one, but the time available only allowed for

showing the most striking features of the soils and the general

distribution of them.
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ANALYTICAL METHODS
 

The following is a brief description of the procedures
 
and methodology used by the National Soil Survey Laboratory.

It a more detailed description of any procedure is needed,

the following report should be consulted. "Soil Survey
 
Investigations Report No. 1, Soil Survey Laboratory Methods
 
and Procedures for Collecting Soil Samples," USDA, SCS,
 
Revision, August 1982. For equivalent procedures but ones
 
of a less automated and instrumented nature, the 1972
 
revision should be consulted.
 

Method codes are includqd in the column headings on the
 
data printouts and can be used as a key to the methods and
 
procedures.
 

Some general comments on how the samples are handled:
 
All samples are air-dried and crushed using a wooden
 

roller and sieved to remove fragments greater than 2 mm in
 
diameter. All determinations are made on sieve samples and
 
reported on an ovendry weight basis unless otherwise stated.
 
The ovendry weight basis is determined by ovendrying a
 
sample at 105'C.
 

CONSIDERATIONS IN THE USE OF LABORATORY DATA
 

In consideration of the soil characterization data, be
 
aware of the ways your concepts of specific properties
 
compare with the same properties defined operationally.

Each of us has mental pictures and conceptual definitions to
 
aid in visualizing properties and processes. These
 
frequently go far beyond the information supplied by any
 
particular analysis, and we are tempted to give numbers on
 
paper credit for connotations that are strictly our own. In
 
this light, there are two pitfalls. One is the temptation
 
to mix observations with concepts. Rather than first laying
 
down observations and then building inferences, it is
 
tempting to describe and interpret in terms of predetermined

inferences. If, at some later date concepts change, there
 
may be no way to untangle the observations from the outdated
 
concepts to piece together new inferences.
 

The second pitfall is the temptation to remain unaware
 
of the operations (analyses) involved in an observation or
 
measurement. Results differ with different methods, but the
 
nature of any particular operation remains the same so long
 
as the same method is used. To compare one bit of data with
 
another, it is important to know how both bits were
 
gathered. This leads to operational definitions (methods).
 
The operational definition is a device to describe a soil
 
property in terms of the operations used Lo measure it.
 
Look for operational and conceptual definitions as we
 
discuss the following laboratory analyses. Then, as we use
 
field and laboratory data to classify soils, we can attempt

the difficult task of separating observations from concepts.
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SYNOPSIS OF ANALYTICAL METHODS
 

PARTICLE SIZE DISTRIBUTION ANALYSIS (PSDA) AND COARSE
 
FRAGMENTS--RECORDED AS WEIGHT PERCENT.
 

The fractions coarser than 20 mm are derived from
 
screening and weighing in the field or from field volume
 
estimates. Be sure to include volume estimates of the
 
20-75 mm and 75-250 mm fractions when sending samples to the
 
laboratory. The 2-20 mm fraction is obtained by sieving in
 
the laboratory. During sample preparation, the soil is
 
crushed so all but the coarse fragments pass through a
 
2-mm sieve. In soil survey, coarse fragments are split into
 
the 2-5 mm, 5-20 mm, and 20-75 fractions and reported as
 
percent of the less than 75 mm, material. Fragments larger
 
than 75 mm but smaller than 250 mm are included in the
 
column labeled > 2 mm, percent of the whole soil (really
 
percent of the < 250 mm material).


For PSDA, a portion of the fraction passing through the
 
sieves is treated with to remove organic matter and
H202 

candle filtered to remove soluble salts. It is then
 
dispersed in water with sodium hexametaphosphate, a
 
dispersing agent, and with a specified physical agitation.

The dispersed soil is poured through a sieve which catches
 
the sands and allows the silt and clay to pass through. The
 
various sand fractions are further separated by dry shaking

in a nest of sieves. The silt fractions and clay are
 
determined by pipetting known volumes from suspensions
 
remaining after known settling times. Fine clay

(< 0.0002 m) is determined by centrifugation and pipetting.
 
The necessary settling and centrifugation times are based
 
upon calculations which treat the particles as perfect

spheres with consistent, designated specific gravity (Stokes

Law). These calculations are used to determine the precise

depths and times at which a pipetting will capture exactly

the size fraction desired. Operationally then, the clay
 
fraction is not the array of particles smaller than
 
0.002 mm. It is the array of particles that behaves in
 
suspension in water as though it consists of perfect spheres
 
of a designated specific gravity and a diameter of 0.002 mm.
 
The actual dimensions may be uncertain and quite different
 
from the conceptual perfect spheres. It is possible to
 
calculate sedimentation rates for other shapes and specific

gravities, but this is only done in special cases. The
 
standard operation usually separates the more 'ctive
 
fraction (clay), which is dominated by clay minerals, from
 
the more inert fractic- (silt) which is dominated by nonclay
 
minerals. Thus, the operation would serve its purpose even
 
if we had no concept of particle shape and specific gravity.
 
In fact, the concept of clay as a distinct kind of soil
 
material predates the development of modern concepts about
 
clay-size particles and clay minerals.
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Clay-sized carbonates are determined by treating the 
pipetted sample of clay with HCI and measuring the pressure 
of CO'he specific chemical and physical treatments 
 and
 
calculations are indicated by codes in the headings.
 
Detailed procedures are listed by these codes in Soil Survey
 
Investigations Report No. 1.
 

ORGANIC CARBON--REPORTED AS WEIGHT PERCENT
 
Organic carbon is determined by the Walkley-Black
 

method which is a wet combustion procedure. The sample is
 
treated with a strong oxidizing agent (potassium dichromate)
 
and digested in sulfuric acid. An empirical recovery factor
 
is used in calculating percent organic carbon. The NSSL
 
uses a recovery factor of 0.77 as proposed by Walkley. This
 
organic carbon represents decomposed soil organic matter.
 
It normally excludes relatively fresh plant residues, roots,
 
charcoal, and carbon of carbonates. It can be multiplied by
 
1.72 for an approximation of organic matter content.
 

The standard procedure is not used when organic carbon
 
content exceeds roughly 8 percent. Loss on ignition at
 
400'C is an acceptable substitute in such cases.
 

LOSS ON IGNITION--REPORTED AS WEIGHT PERCENT
 
This is a measure of organic matter content and
 

generally used for samples high in organic carbon (0 8%).
 
Ovendried samples are held overnight at 400°C, and the
 
weight loss is measured. Some of the weight loss is
 
sometimes caused by dehydration of clay minerals, but
 
normally the weight loss is mostly from burning of organic
 
matter. When there are large amounts of amorphous material
 
or gypsum present, this weight loss by dehydration is more
 
of a problem. Remember, this approximates organic
 
matter not organic carbon.
 

NITROGEN
 
Nitrogen is determined by Kjeldahl digestion with
 

ammonium being steam distilled into boric acid and titrated
 
with HCl using an automatic titrator.
 

CITRATE--DITHIONITE EXTRACTABLE IRON, ALUMINUM, AND MAN-

GANESE--REPORTED AS WEIGHT PERCENT
 

This procedure was originally developed for extraction
 
of iron from soils. Some authors have designated the
 
extracted iron as "free iron" reflecting beliefs about the
 
nature of this component. This method extracts and measures
 
amorphous forms and some of the crystalline forms but not
 
total soil iron. Aluminum extracted during the rather
 
severe chemical treatment is also recorded, and the two
 
values together are used in the spodic horizon definition.
 
Manganese extracted by this method is usually less than
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1 percent. Some researchers use this Mn and relate it to

internal soil drainage properties. Iron extracted by this
 
procedure is 
 often closely related to clay distribution with
 
depth. Dithionite-citrate-extractable 
 iron, aluminum, and
 
manganese are determined by extracting 
a soil sample with an
 
excess of sodium dithionite and sodium citrate in 
 an 8-ounce
 
bottle which is shaken overnight. Superfloc is added and an
 
aliquot of the supernate is removed for the determination of
 
iron, aluminum, and manganese by atomic absorption.
 

BULK DENSITY--REPORTED IN GRAMS PER CENTIMETER CUBED
 
Bulk densities are determined at two or more moisture
 

contents. In coarse and 
moderately coarse-textured soils,

they are determined at 1/10-bar moisture (moisture 
held

against a 1/10 atmosphere pressure difference across a
 
semipermeable membrane), and ovendry (moisture after drying

at 110 0 C). In soils of medium and finer texture, they are
 
determined at 1/3 bar and ovendry.


Most of the bulk densities are obtained by

equilibration of Saran-coated clods at these suctions.
 
Clods for this purpose are selected in the field and are

dipped in Saran dissolved in methyl ethyl ketone. The

dipped clods are dried by hanging them in air until the
 
methyl ethyl ketone evaporates. The dry Saran then remains
 
as a thin, tough film surrounding and supporting the clods
 
for transport to the laboratory. This film is reinforced by

added dipping in the laboratory, and supports the clods
 
through wetting, equilibration at the desired suctions, and
 
ovendrying. It can stretch and contract, thus allowing for
 
changes in bulk density as moisture contents change. 
 Bulk
 
density is determined by weighing the clods in air, then

weighing them in water. The first measurement is weight,

and the difference between weight in air and weight in water
 
is volume.
 

The bulk density as reported on the data sheet is

calculated to represent the < 2 mm material.
 

COEFFICIENT--OF LINEAR EXTENSIBILITY (COLE)

COLE is a calculated value. It is based on the


shrinkage of the natural soil clod 
 between 1/3-bar moisture
 
content 
 (1/10 for sandier soils) and ovendryness.

Therefore, bulk densities at these 
 moisture contents are
 
used to calculate COLE as follows:
 

CL dry bulk density )1/3
 
COLE = [(moist bulk density ) 1]
 

The cubed root of the ratio of 
 the two bulk densities
 
is used correct
to the clod shrinking in three directions.
 
The value obtained from the equation is corrected for coarse

fragments, hence, is a whole soil COLE
COLE on base. 
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multiplied by 100 is called Linear Extensibility (LE)
 
and is simply COLE in percent.
 

1/3-BAR WATER
 
The 173-bar water is determined by equilibrating
 

natural fabric clods at 1/3 bar and determining the weight
 
percent moisture as a percent of the ovendry weight of the
 
soil.
 

15-BAR WATER
 
The 15-bar water is determined by pressure membrane
 

extraction; < 2 mm soil material is used. The water
 
retained is expressed as a percent of the ovendry weight of
 
the soil.
 

WATER RETENTION DIFFERENCE--WRD
 
WRD, like COLE, is also a derived value based on
 

moisture contents at 1/3 bar (1/10 bar for sandier soils)
 
and 15 bar. The 1/3 bar or 1/10 bar moisture contents are
 
often referred to as field capacity while the 15-bar content
 
is often called the wilting point. WRD is the difference
 
between 1/3 bar (1/10 bar) and 15 bar divided by 100 then
 
multiplied by the moist bulk density to put it on a volume
 
base. If the soil contains coarse fragments, the
 
aforementioned value is corrected to represent the coarse
 
fragment content, hence, WRD is on a whole soil base.
 

EXTRACTABLE BASES--REPORTED AS MEQs/100 _ SOIL
 
These aLe the major exchangeable bases, calcium,
 

magnesium, sodium, and potassium. They are extracted by
 
displacement from the cation exchange complex by another
 
cation, ammonium (ammonium acetate buffered at pH 7 is the
 
extraction solution). The term extractable rather than
 
exchangeable bases is used because any additional source of
 
soluble bases will influence the results. In soils with
 
soluble salts or carbonates, the soluble cations must be
 
measured separately and the results subtracted from the
 
extractable bases for determination of exchangeable bases
 
(Exchangeable = extractable - soluble). Exchangeable Na can 
be computed with acceptable accuracy unless salt contents 
exceed approximately 20 mmhos/cm at 25*C. Exchangeable Na 
= (extractable Na) - (Na in saturation extract) x 
(saturation percentage, percent water in the saturated 
paste) divided by (1,000). Exchangeable Na can be derived 
with greater accuracy than the other cations in the presence 
of gypsum or carbonates. Assuming exchangeable K negligible 
compared to exchangeable. Ca and Mg, then exchangeable 
Ca + Mg = CEC (NH OAc) - exchangeable Na. This 
approximation is suifably reproducible for comparison 
between soils and for classification. Exchangeable Mg can 
be computed in the same fashion as exchangeable Na. Results 



82
 

are not as satisfactory for exchangeable Ca when 
computed in

the presence of carbonates or 
large amounts of gypsum. To
prevent misuse of the Ca 
 values, NH OAc extractable Ca is
omitted from the 
 data sheet when t~e carbonates are thought

to significantly influence the results.
 

EXTRACTABLE ACIDITY--REPORTED MEQs/10O SOIL
 
This is the acidity released from the soil by barium
a


chloride-triethanolamine 
solution buffered 
at pH 8.2. It
includes all the 
 acidity generated by replacement of the

hydrogen and aluminum from 
 permanent and pH dependent

exchange sites.
 

EXTRACTABLE ALUMINUM--REPORTED MEQs/100 _ SOIL
 
This measures exchangeable aluminum, which 
 is a major
constituent only in acid 
 soils (pH < 4.5). Aluminum will
precipitate 
 if the pH rises above 4.5 to 5.0 during


analysis. 
 The Al extracted by 1N KCI pproximates

exchangeable Al. Because is
KCl an unbuffered salt, it
usually effects 
 the soil pH only one unit or less, so the

extraction is made near 
the pH of the soil. In acid soils,

the sum of bases plus Al extracted by 1N KCl is close to the
 
effective CEC of soil in 
the field.
 

CATION EXCHANGE CAPACITY--REPORTED AS MEQs/100 2 SOIL
 
Several different reagents and pH levels are used to
 measure 
the CEC. It may be determined by summing all the


exchangeable cations, 
 by summing bases and extractable
 
aluminum, or by saturating the exchange complex with one

kirA of cation, replacing it with another cation, 
 and

mea.iring the replaced cation. 
 Ammonium in neutral ammonium
 
acetate is the ion used for the later method.
 

The CEC-sum of cations is calculated by summing the

extractable bases and extractable 
acidity. It represents

the pH dependent charge. of
CEC-sum cations is not

calculated if soils contain 
 soluble salts. The bases +

aluminum CEC value 
 is calculated by summing the extractable

bases and KCl extractable aluminum. 
 It is commonly called
the effective CEC for acid soils 
 since it more closely

represents CEC at the soil pH. also
It is not calculated
 
for soils that have soluble salts.
 

The CEC-NH 4OAc is an analytically determined value.
 
It is the value used in calculating CEC/clay ratios. The
CEC-sum of cations 
- CEC NH4OAc is the pH dependent charge

from pH 7 to pH 8.2.
 

CEC measurements at other pH by other
or cations may
each yield somewhat 
 different answers. It is important to
know the operational definition (procedure, 
pH, and cation
 
used) before evaluating the meaning of the measurement.
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BASE SATURATION--REPORTED AS PERCENT OF CEC
 
Two values are frequently reported. One is derived
 

from the equation:
 

Base saturation percentage by NH4OAc, pH 7 is equal
 
to sum of NH4OAc extractable bases divided by NH4OAc-CEC
 
times 100.
 

The other is:
 

Base saturation percentage by sum of cations pH 8.2 is
 
equal to the sum of NH OAc extractable bases divided by

CEC sum of cations pH 8.2 times 100. This value is not
 
reported if either extractable Ca or extractable acidity is
 
omitted.
 

Differences between these two base saturations depend
 
upon the size of the pH dependent CEC. Class definitions in
 
our soil classification specify which is to be used.
 

The sum of bases is considered equal to exchangeable

cations unless gypsum, salts, or carbonates are present.

Normally, the bases extracted by this method exceed 100
 
percent when the more soluble constituents are present. We
 
then assume 100 percent base saturation. The Ca from
 
carbonates is usually much larger than Mg. Extractable Ca
 
is omitted if more than a trace (> 0.4%) of carbonate (as

CaCO3 ) is present or if calculated base saturation exceeds
 
110 percent.
 

Other values can be obtained by using CEC derived from
 
operationally differing methods. There are numerous
 
differing methods utilized for numerous specific purposes.
 
Always be sure which method you are dealing with.
 

EXCHANGEABLE SODIUM
 
Exchangeable sodium percentage (ESP). Calculated by


dividing NH OAc extractable sodium minus water soluble
 
sodium by NH4 Ac-CEC and multiplying by 100.
 

CALCIUM CARBONATE EQUIVALENT--REPORTED AS WEIGHT PERCENT
 
The amount of carbonate (CO ) components in the soil
 

are measured by treating the ample with HCl. The evolved
 
CO 2 is measured manometerically. The amount of carbonate
 
is then calculated on a CaCO3 equivalent no matter what
 
form (Na2CO3, MgCOj, etc.). Calcium carbonate
 
equivalent is most c6mmonly reported on the < 2 mm base but,
 
in some soils with hard carbonate concretions, carbonates
 
are determined on both the < 2 and 2-20 mm material; and
 
reported on a < 20 mm base.
 

CALCIUM SULFATE AS GYPSUM--REPORTED AS WEIGHT PERCENT
 
Calcium sulfate (gypsum) is determined by extracting
 

gypsum in water and precipitation in acetone. Gypsum is
 
reported on both the < 2 mm and < 20 mm base.
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pH--WATER, SALT, NaF 
The pH is measured by a glass electrode in a soil-water
 

or soil-dilute salt solution. The extent of the dilution
 
is shown in the heading. 1:1 means one part by weight of
 
water was added for each part by weight of dry soil. This
 
is important in spodic soils because, within the limits of
 
dilutions used, the pH increases markedly with increasing
 
dilution. Measurements in soil-water are usually 1:1 and
 
are 2:1 for the dilute salt solution.
 

The use of dilute salt solutions is a popular method
 
for masking seasonal variations in pH. Readings in the
 
dilute salt solutions are usually lower than with distilled
 
water. The values may be equal or even higher in highly
 
weathered soils of the tropics. These soils would have a
 
high anion exchange capacity. Readings in 0.01M CaCl
 
tend to be uniform regardless of time of year. Readings ig
 
IN KCl tend to also be uniform. The former are more popular
 
in regions lacking extremely acid soils. The latter are
 
more popular in regions where many soils are quite acid and
 
KCl is used to extract exchangeable aluminum. The pH
 
reading then shows the pH at which the aluinum was
 
extracted.
 

The pH may also be measured in IN NaF. This
 
measurement is done in soils where there is a large amount
 
of amorphous material present. If there is a large amorphous
 
component, this pH will be greater than 9.5. High values
 
for the NaF pH will also be found if there are free
 
carbonates. Therefore, care must be taken in interpreting
 
this data. One gram of soil is placed in 50 ml of IN NaF 
stirred and the pH read after 2 minutes. 

SODIUM PYROPHOSPHATE (pH 10) EXTRACTABLE CARBONj IRON, AND 
ALUMINUM--REPORTED AS WEIGHT PERCENT C, WEIGHT PERCENT Fe
 
AND WEIGHT PERCENT Al
 

This reagent has been used widely as an extractant of
 
organic matter. It successfully removes much of the
 
organo-metal accumulations in spodic horizons, but is
 
relatively ineffective in extracting many forms of
 
inorganically bound iron and aluminum. For this reason, it
 
is a key to the chemical identification of spodic horizons.
 

MINERALOGY
 
The clay, silt, and sand fractions of selected horizons
 

from each profile were analyzed to determine the
 
mineralogical composition. The different techniques
 
employed are briefly as follows:
 

1. X-ray diffraction analysis (XRD).
 

A Phillips diffractometcr with a copper tube is
 
used. XRD is run on the untreated clays and also
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on K and Mg saturated clays with associated heating
 
or glycerol so.vation.
 

2. 	Differential thermal analysis (DTA) was done only
 
on the clay fractions. The instrument used was the
 
Columbia Scientific Thermal Analyzer. Seriquanti­
tative estimates are mae using the data.
 

PETROGRAPHIC ANALYSIS--RECORDED AS NUMBFR PERCENT
 
This analysis is named after the petrographic
 

microscope which is the chief tool for mineral
 
identification and quantitative analyses in the sand and
 
coarser silt fractions. The data are listed on a
 
supplemental sheet or at the t-ictom of the newer data
 
sheets. Minerals are grouped under two major headings:
 
resistant and weatherable.
 

SOLUBLE CATIONS AND ANIONS IN WATER EXTRACTED FROM
 
: ATURATED PASTE--REPORTED AS MEQsLITER OF SOLUTION 

Soluble catirn and anions are determined in the water
 
extracted from a satuxated paste made by adding distilled
 
water to soil until the saturation point is reached. At
 
saturation, the soil '.)aste glistens as it reflects light,
 
flows slightly when tou container is tipped, and slides
 
freely and cleanly off a spatula except for soils containing
 
large amounts of clay. In 
sodium percentage, soluble 

calculations 
sodium is 

of exchangeable 
subtracted from 

extractable sodium to obtain an estimate of exchangeable 
sodium. 

TOTAL SALTS
 
Measure of percent total estimated soluble salt in the
 

soil. Ca!7ulated from conductivity of the saturated
 
extract.
 

ELECTRICAL CONDUCTIVITY
 
Electrical conductivity (EC) of the saturate extracted
 

obtained the saturated paste used in the determination of
 
water soluble anions and cations.
 

SAR
 
Sodium adsorption ratio determined by the following
 

equation: Na+
 

SAR = 
a + Mg 

2
 

The Ca, Mg, and Na are in meq/l and determined Zrom the
 
saturated extract of the water-soil saturated paste.
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PHOSPHATE RETENTION CAPACITY
 
Determined by shaking 5 g of air-dry soil (< 2 mm) with 

25 ml oI a phosphate solution (1 ml - 1 mg P) for 24 hours 
in a 50 uri polypropylene centrifuge tube (Blakemore et al., 
1981). Tubes are centrifuged and the P remaining in 
solution measured using the molybdo-vanadate method. 
Results are reported as percent, P-retained. 

ACID OXALATE-EXTRACTABLE ALUMINUM AND SILICON
 
Determined by shaking 0.5 g air-dry soil (< 2 mm) with
 

50 ml acid oxalate reagent for 4 hours in a polyropylene
 
centrifuge tube in the dark (Blakemore et al., 1981). Tubes
 
are centrifuged and Al and Si d termined by atomic
 
absorption spectrophotometry.
 

KOH-Al
 
Determined by reacting 0.2 g soil with 2 ml 4N KOH for
 

10 minutes, filtering and determining the Al in the
 
solution.
 

AVAILABLE PHOSPHOROUS (Bray-l)
 
Determined by shaking 1 g of air-dry soil (< 2 mm) w '.h
 

10 ml of extracting solution (0.025N HCl + 0.03N NH F)
 
for 5 minutes in a 50 ml Erlenmeyer flask. Extracts are
 
filtered through Whatman No. 2 filter paper. A 2 ml aliquot
 
is added to 8 ml solution of 50 ppm P prepared from reagent
 
grade potassium hydrogen phosphate (KHPO4 ).
 
Phosphorous is measured using a colorimeter and reporied in
 
parts per million.
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OTHER USEFUL INFORMATION
 

There are a couple ratios placed on the data sheet.
 
These are useful in making internal checks of the data and
 
making other useful determinations.
 

RELATIONSHIP OF MINERALOGY AND CATION EXCHANGE
 
Ratio of CEC (Nil4OAc, pH 7) to clay can be used to
 

make an estimation of the clay mineralogy. For family
 
placement, some CEC/clay relationships are as follows:
 
Kaolinitic < 0.2, kaolinitic or mixed 0.2-0.3, mixed
 
0.3-0.5, mixed or montmorillonitic 0.5-0.7, and
 
montmorillonitic > 0.7. When amorphous material is present,
 
these relationships do not hold.
 

Ratio of CEC (at pH 8.2) to 15-bar water of greater
 
than 1.5 and more exchange acidity than the sum of bases
 
plus KCl extractable Al, would suggest a soil with a high pH
 
dependent charge. This can be used along with bulk density
 
to separate subgroups that have high levels of amorphous
 
materials commonly derived from pyroclastics.
 

RELATIONSHIP OF 15 BAR TO CLAY
 
This valie is used to give an indication of dispersion
 

in the particle size determination. If the ratio is greater
 
than 0.6 and soil related factors do not adequately explain
 
the situation, incomplete dispersion in particle-size
 
analysis may be the cause. Some soil-related factors that
 
can cause deviation from the 0.4 reference point are: low
 
activity clays (kaolinites, chlorites, and some micas) tend
 
to lower the ratio to 0.35 or below. Clay-size carbonate
 
tends to decrease the ratio. Organic matter increases the
 
15-bar water content. Amorphous mineral materials increase
 
the ratio.
 

In "Soil Taxonomy," 1975 the inverse of this ratio is
 
sometimes used. A ratio of < 1.25 used in conjunction with
 
bulk density and poor dispersion qualities; i.e., ones high
 
in amorphous materials.
 

PH DEPENDENT CHARGE
 
The pH dependent charge as inferred by "Soil Taxonomy,"
 

1975 is the difference between the sum of bases (NH4OAc)
 
plus eytractable acidity and sum of bases (NH OAc) plus

1N KCI exchangeable Al, divided by measured cfay or by
 
15-bar water times 2.5 under conditions defined in "Soil
 
Taxonomy," 1975.
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Pedon Description and Analytical Data
 

The section contains, for each pedon, a description for
 
the pedon sampled, analytical data in two parts: the first
sheet is.the standard NSSL laboratory data sheet and the
 
second shows the results of the mir,,ralized analysis. For

each pedon. there is a micromorphological description that
 
was done by Prof. Ricardo Honorato.
 

Pedons that were sampled but not included in the tour
 
part of the guide are in Appendix Il. supplement data

produced by the Comision Chilena de Energia Nuclear and by

the Centro de Estudios de la Cuenca del Maule is included in
 
Appendix IV. Supplement data produced by Dr. K. Wada is
 
included inAppendix V.
 

If there are questions on the data sheet, Appendix III
 
should be checked for an explanation.


The pedons are placed in the order that we will visit

them. No classification have been placed on any of them.
 
If you have a chance, it would be useful to try and work

through their classifications before we visit them in the
 
field.
 

The location of each pedon is 
shown on Figure 7.
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Series: Pelchuquin 
 6/83

Pedon No: S83FN-275-001
 
Taxonomy: Medial, mesic Oxic Dystrandept

Latitude: S39*42' Longitude: W 73*06'
 
Location: Pelchuquin
 
Geomorphic Position: Terrace
 
Slope and Anpect: 1% planar Elevation: 17 m M.S.L
 
Air Temp. 13 C Summer: 15.9C Winter: 7.9C
 
Precipitation: 205 cm Udic moisture regime.
 
Water Table; > 10 m
 
Drainage: Well drained Permeability: Moderately rapid
 
Stoniness: :ion stony

Land Use: Pasture
 
Erosion or Deposition: none
 
Parent Material: volcanic ash
 
Described by: T. Cook, W. Luzio, R. Honorato, G. Galindo, W. Vera, R. Grez,

Remarks: Date described: January 7, 1983. 
 Field reaction by Universal Indicator

strips, ph 4.0-7.0 (soil/water: 1/2.5); field moisture, 0-39. cm 
 dry and 39-200 cm
 
slightly moist.
 

Apl 0 - 4 cm Very dark grayish brown (10YR 3/2) silt loam, brown to dark

brown (10YR 4/3, dry); 
 strong medium and coarse granular structure; friable,
slightly sticky and slightly plastic; weakly smeary, very moist or wet; many very
fine 
 to fine r3os; many very fine and fine interstitial pores; pH- 5.3, strongly

acid; abrupt smooth boundary.
 

Ap2 4 - 27 cm Very dark brown C10YR 2/2) silt loam, brown to dark brown
(10YR 4/3, dry): modeiate to strong very coarse granular structure parting to weak
and coarse subangular blocky; friable, slightly sticky and slightly plastic; weakly
smeary, very moist or wet; many very fine and few medium 
roots; many very fine to
fine interstitial pores; pH- 5.3, strongly acid; abrupt smcoth boundary.
 

2BA 27 - 39 (.n Dark yellowish brown (10YR 3/4) silt loam, brown (10YR 5/3,
dry); weak coarse prismatic structure; very friable, slightly sticky and slightly
plastic; moderatly smeary, very moist or wet; common very fine and few medium 
roots;
common coarse and very fine tubular pores; few 1.5 to 3 cm cylindrical hardened
insect nests; few fine I to 3 mm pumice fragements, pieces of charcol, and nodules;

pH- 5.7, medium acid; clear smooth boundary.
 

2Bwl 
 39 - 73 cm Dark brown (7.2YR 3/4) silt loam; weak coarse prismatic

structure parting to moderate medium 
and coarse subangular blocky; very friable,
slightly sticky and slightly plastic; moderatly smeary, very moist or wet; common
 
very fine roots; many 
 very fine tubular and few :tne tubular, discontinuuus pores;
few 1.5 to 3 cm cylindrical hardened insect nests; few fine 1 to 
 3 mm pumice
fragements, pieces of charcoal, and nodules; pH. 5.7, medium acid; clear smooth
 
boundary.
 

2Bw2 73 - 98 cm 
 Dark brown (10YR 3/3) silt loam; moderate coarse prismatic
structure parting to weak medium subangular blocky; friable, slightly sticky and

slightly plastic; moderatly smeary, very moist or 
wet; many patchy silt coatings

channels and pores; few very fine roots; many very fine, 
 fine and, and medium
tubular pores; few fine 
1 to 3 nm pumice fragement., pieces of charcoal, and

nodules; pH= 5.7, medium acid; gradual smooth boundary.
 

3Bw4 98 - 160 cm Dark yellowish brown (10YR 3/4) silt loam; str ictureless;

friable, slightly sticky and slightly plastic; moderatly smeary, very moist or wet;
mar.y patchy silt coatings in channels and pores; few very fine roots; many very
fine, fine and medium tubular pores; pH= 5.7, medium acid; clear irzegula: boundary.
 

3Bw5b 160 - 200 cm 
 Dark yellowish brown (10YR 4/4) silt loam; atructureless;

firm, sticky and slightly plastic; moderatly smeary, very moist or wet; many thin
discontinuous clay 
 films in pores; few very fine roots; many very fine, fine, and

medium tubular pores; 
few thin seams and masses of uncoated fine sand:; pH- 5.7,
 
medium acid.
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PELCHUQUIN 
 PAGE 1 OF 4 PAGES
 

LAS CLASSIF: MEDIAL, MESIC OXIC DYSTRANDEPT
 

S 83FN-275 -001 DATE 09/25/84 	 SAMPLE NO. 83P2246-2253 U. S. DEPARTMENT OF AGRICULTURE
 
PEDON NO. 83P 481 SOIL CONSERVATION SERVICE
CHILE-SNSS 	 PROJECT NO. 83P 
84 	 NATIONAL SOIL SURVEY LABORATORY
 

LINCOLN, NEBRASKA 68508
GENERAL METHODS iBlA, 2A1, 28 


-1-- -2-- -3-- -4-- -5-- -6-- -7-- -8-- -9-- -10- -11 -12- -13- -14- -15- -16- -17-
 -18- -19- -20­

(- TOTAL - - -)(- -CLAY- -)(- -SILT- -)(------	 SAND------- )(-COARSE FRACTIONS(MM)-)(>2MM

CLAY SILT SAND FINE C03 FINE COARSE VF F M C VC - - - - WEIGHT - - - - WT

SAMPLE HZN DEPTH HORIZON LT .002 .05 LT 
 LT .002 .02 .05 .10 .25 .5 1 2 5 20 .1- PCT 0
 
NO. NO. (CM) .002 -.05 -2 .0002 .002 -.02 -.05 -. 10 -.25 -.50 -1 -2 -5 -20 -75 75 WHOLE
 

<-------------- PCT OF <2MM (3A1)------- ---- -- > <- PCT OF <75MM(3B1)-> SOIL
 

**** SEE FOOTNOTE REGARDING ?SDA BELOW *****
 
832246 iS 0- 4 API 10.4 68.8 20.8 44.4 24.4 10.5 
 5.1 2.2 2.7 0.3 TR .. .. 10 -­
832247 2S 4- 27 AP2 5.9 72.7 21.4 45.1 27.6 13.7 5.4 1.2 0.9 0.2 TR TR -- 8 -­
832248 3S 27- 39 2BA 1.0 56.1 42.9 30.4 25.7 21.5 14.2 4.6 1.9 0.7 TR -- 21 -­
832249 4S 39- 73 2BW1 -- 42.7 57.3 17.7 25.0 24.9 21.7 6.7 3.1 0.9 TR .. .. 32 -­
832250 5S 73- 98 2BW2 3.6 36.7 59.7 17.4 19.3 20.9 21.6 10.4 5.7 1.1 TR TR -- 39 -­
832251 6S 98-129 3BW3 4.7 35.0 60.3 16.7 18.3 21.8 20.8 10.9 6.2 0.6 TR .. .. 38 
832252 7S 129-160 3BW4 2.2 29.0 68.8 13.5 15.5 24.9 24.3 11.6 6.6 1.4 TR .. .. 44 -­
832253 8S 160-200 3BW5B 3.7 46.9 49.4 27.7 19.2 11.4 8.9 7.0 10.1 12.0 TR .. .. 38 --

ORGN TOTAL EXTR TOTAL (- - DITH-Cif - -)(RATIO/CLAY)(ATTERBERG )(- BULK CENSITY -) COLE (- - -WATER CONTENT - -) WRD *.0C N P S EXTRACTABLE 15 - LIMITS - FIELD 1/3 OVEN WHOLE FIELD 1/10 1/3 15 WHOLE

SAMPLE IIZN FE AL MN CEC BAR LL PI MOIST BAR DRY SOIL MOIST BAR BAR BAR SOIL
 

NO. NO. 6AIC 6B3A 6R3A 6C2B 6G7A 6D2A 8D1 8D1 4F1 4F 4A3A 4A1D 4A1H 4D1 4B4 4B1C 4B1C 4B2A 4C1
 
<----- -- PCT OF <2MM -> PCT <0.4MM <- - G/CC - - -> CM/CM <- - -PCT OF <2MM ­ -> CM/CM
 

832246 1 12.4 1.076 3.2 1.9 3.97 3.55 
 36.9

832247 2 8.61 0.668 3.8 
 2.3 5.37 4.98 0.70 0.81 0.050 55.5 29.4 0.18
 
832248 3 4.03 0.302 4.6 2.0 22.00 27.90 0.68 0.60 0.056 27.9
 
832240 4 2.43 4.9 
 1.8 	 0.87 0.87 24.9

832250 5 1.07 
 5.1 1.6 3.89 6.67 	 0.74 0.84 0.043 54.5 24.0 0.23
 
832251 6 0.91 	 4.9 1.7 2.62 
4.87 	 0.84 0.96 0.046 54.0 22.9 j.26

832252 7 0.72 
 4.1 1.3 5.68 9.73 	 0.80 0.93 0.051 57.0 21.4 0.28
 
832253 8 1.69 	 4.6 1.7 6.57 7.08 
 0.90 1.09 0.066 60.8 26.2 0.31
 

* PSDA IN ANDEPTS SHOULD NOT BE USED FOR MAKING ENGINEERING INTERPERTATIONS BECAUSE OF INCOMPLETE DISPERSION OF AMORPHOUS MATERIAL

THEY ARE PRESENTED TO AIG IN CLASSIFICATION AND ASSESSMENT OF MINERALOGY. REFER TO PEDON DESCRIPTION FOR FIELD TEXTURE.
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PELCHUQUIN S 83FN-275 -001 DATE 09/25/84 PEDON NO. 83P 481 PAGE 2 OF 4 PACES
NATIONAL SOIL SURVEY LABORATORY
 
-1--------------------
 - ---------------10- -11- -12-
 -13- -14- -15- -16- -17- -18- -19- -20-


C- NH4OAC EXTRACTABLE BASES -) ACID- EXTR (- - - -CEC - - -) AL -BASE SAT- C03 AS RES. 
 CONo.(- - - -PH - - -)CA MG NA K SUM ITY AL SUM NH4- BASES SAT SUM NH4 CAC03 OHMS MMHOS NAF CACL2 P20
SAMPLE HZN 5B5A 5B5A 5B5A 5B5A BASES CATS OAC 
+ AL OAC <2MM /CM 
 /CM .O1M
NO. NO. 6N2E 602D 6P2B 6Q2B 6HSA 6G9A 5A3A 5A8B 5A3B 
 5G1 5C3 5C1 6E1G 8E1 81 8C1D 8CIF 80lF< -- MEQ / 100 G - ---------- > <- -- PCT - - - -> 1:2 1:1
 
8322-46 1 11.4 ! 0 0,.8 0.6 15.8 47.5 0.3 63.3 41.3 16.1 2 25 
 38 10.4 5.2 5.6
832247 2 1.7 U.2 0.1 0.1 2.1 49.5 1.3 51.6 31.7 3.4 38 4 7 
 10.9 4.8 5.2
832248 3 0.9 0.1 0.1 -- 1.1 39.7 TR 40.8 22.0 3 5 
 11.1 5.4 5.7
832249 4 
 3.4 0.4 0.1 0.1 4.0 31.2 TR 35.2 18.6 11 22 
 10.7 5.6 5.9
832250 5 2.5 0.7 TR 
 -- 3.2 23.6 -- 26.8 14.0 12 23 10.6 5.8 6.1
832251 6 2.9 0.8 .. .j.7 22.4 -- 26.1 12.3 14 30 
 10.4 5.8 6.2
832252 7 2.3 0.7 TR -- 3.0 23.7 TR 26.7 12.5 11 24 10.6 5.8 6.2
832253 8 1.5 0.3 .. .. 1.8 33.2 0.1 35.0 24.3 1.9 5 5 
 7 10.8 5.7 5.9
 

- - - SPODIC HORIZON CRITERIA -- - - ) --------- MINERALOGY -- --- - - - --

C- -NA PYROPHOSPHATE EXTRACTABLE- -) INDEX ( CLAY )
 

C FE AL FE+AL FE+AL AL+C OF-
SAMPLE HZN (- -DIV!DED BY- -) ACCUM - - X-RAY - - ---- -DTA - -) TOTAL DON(----- <2U -.----. -<2U - -) RES WEATH
NO. NO. 6A4A 6C8A 6G10 DI-Cl PCT PCT 
 7A21 7A21 7A21 7A21 
 7A3 7A3 7B1A 7B1A
 
<- PCT OF <2MM-> FE+AL CLAY CLAY 
 <- RELATIVE AMOUNTS -> < - -- POT 
- - - -> 

832246 1 0.4 1.1 0.3 0.1 232
 
832247 2 
 0.5 1.2 0.3 0.3 1119 VR 1 NX 6
832248 3 0.1 0.7 0.1 0.8 484 
 GI 1 VR 1 NX 6 GI 1
 
832249 4 0.1 0.5 0.1

832250 5 
 0.1 0.4 0.1 0.1 625 
 GI 2 KK 1 VR 1 NX 6 G113 KK 2

832251 6 
 0.1 0.4 0.1 0.1 736
 
832252 7 0.1 0.4 0.1 0.2 794

832253 
 8 0.1 0.5 0.1 0.2 1326 
 KK 1 GI 1 NX 6 KK 4 GI 3
 

FAMILY CONTROL SECTION: DEPTH 25-100 PCT CLAY '2 PCT 
 .1-75MM 32. SPODIC HORIZON: INDEX OF ACCUMUL 0
 
ANALYSES: S= ALL ON SIEVED <2MM BASIS
 
MINERALOGY: KIND OF MINERAL VR VERMICULITE NX AMORPHOUS 
 GI CIBBSITE KK KAOLINITE
 

RELATIVE AMOUNT 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 
 3 MODERATE 2 SMALL 1 TRACE
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SUPPLEMENTAL DATA SHEET
 

PELCH'IQUIN S83FN-275-001
 

EXT 15 P (- -ACID OXALATE- -) EXTR pH 
P BAR RETENT AL SI FE AL KCI 

SAMPLE HZN BRAY1 MOIST (KOH) 
NO. NO. 6S3 4B2b [I] [I] [Il [I] L2] 8Clg

PPM <- - - - - - - - -PCT OF <2MM - - - - - - - - ->
 
PPM--------------------------PCO(M-------------------­

832246 1 4 45.6 94 2.8 1.0 1.3 1.9
 
832247 2 2 34.1 99 3.3 1.1 1.3 2.4
 
832248 3 TR 44.1 98 4.2 1.8 1.7 2.8
 
832249 4 1 51.7 98 4.4 2.0 2.0 2.3
 
832250 5 TR 45.6 98 2.7 1.2 1.9 2.0
 
832251 6 1 44.6 97 2.5 1.2 1.9 2.0
 
832252 7 1 47.0 98 2.8 1.4 1.6 1.9
 
832253 8 1 61.2 98 5.3 2.6 2.3 2.4
 

[1] Blakemore, L. C., P. L. Searle, and B. K. Daly. 1981. Soil Bureau
 
Laboratory Methods. A. Methods for Chemical Analysis of Soils. New
 
Zealand Soils Bureau Scientific Report 10A. Dsiro, New Zealand.
 

[2] Holmgren, G. G. S. and J. M. Kimble. 1984. Field Estimation of
 
Amorphous Aluminum with 4N KOH. Soil Sci. Soc. Amer. J. (in
 
publication)
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Pk.-nfXXHI4 S83EN-275-001 Pae 4 of 4 

------- -- --------- -------------------------. - M I N E R A L O G Y 
-- - -	 . - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
(-O----- T OPTICAL 	 ) .-) ( ­ - X-RAY ---------) (---DTA--) (TOT ANAL) 
S.--------------------------SAND/SILT ---------------------------) ( -----------------------CLAY-----------------------
SAMPLE HZN FA RE 
 K20 FB
NO. NO. 7BlA 	7BlA 7B1A 7BlA 7BIA 7B1A 7BIA 7B1A 7BlA 7B1A 7B1A 7A21 7A2I 7A2I 7A21 7A21 7A3 7A3 6Q3A 6C7A 

< -----------------------PCT ------------------------------ > < ---- RELATIVE AMOUNTS---- > < .---- PCT---------- > 

83P2246 1 
83P2247 2 VR I NX 6 	 0.2 4.4
83P2248 3 VFS OT96 GS 4 GA<l 	 GI I 
 VR I NX 6 GI 1 0.0 4.0
 
83P2249 4
 
83P2250 5 
 G! 2 KK I VR I NX 6 G113 KK 2 0.1 7.1
 
83P2251 6
 
83P2252 7
 
83P2253 8 KK i GI I NX 6 KK 4 GI 3 0.2 6.8 

ANALYSES: S-ALL ON SIEVED < 2mm BASIS 

MINERALOGY: FA - FRACTION ANALYZED RE - RESISTANT 

KIND OF MINERAL: VR - VERMICULITE NX - NON-CRYSTALLINE GI-- GIBBSITE GA , Gr'SS A(zC- . ATES GS - GLASS OT = OTHER 0 
tn 

KK - KAOLINITE 

RELATIVE AMOUNT: 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL I TRACE
 

MINERALOGY BASED ON SAND/SILT:
 

MINERALOGY BASED ON CLAY:
 

FAMILY PLACE4ENT:
 

COMMENTS:
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Series: Lanco 

Pedon Nos S83FN-275-002
 
Taxonomy: Medial, mesic, shallow Ty ic Durandept
 
Latitudes S39*42' Longitude: W 7250'
 
Location:
 
Geomorphic Position: Terrace
 
Slope and Aspect: 2% planar Elevation: 50 m M.S.L
 
Air Temp. 13.8 C Summer: 17C Winter: SC
 
Precipitation: 195 cm Aquic moisture regime.

Water Table: > 10 m Drainage: Poorly drained, impeded belo 45 cm
 
Permeability: moderate
 
Stoniness: non stony
 
Land Use; pasture
 
Erosion or Deposition: none
 
Parent Material: volcanic ash over unrelated cemented gravelly glacial outwash
 
at 45 cm
 
Described by: T. Cook, W. Luzio, R. Honorato, G. Galindo, W. Vera, R. Grez,

Remarks: Date described: January 7, 1983. Field 
 reaction by Universal Indicator

strips, ph 4.0-7.0 (soil/water:l/2.5); field moisture, 0-35 cm dry and 35-45 cm
 
moist; a very thin mat of roots over mineral horizon.
 

Al 0 - 19 cm Dark reddish brown (SYR 3/3) and 2% dark reddish brown (SYR

3/4) sandy loam, strong brown (7.5YR 5/4, dry), weak fine and medium subangular

blocky structure; slightly hard, friable, slightly sticky and slightly plastic;

weakly smeary, very moist or wet; 
common very fine and Eine roots, upper 1-3 cm is a
 
dense mat of roots in the mineral soil; many very fine tubular, pores; 2% 2-5 mm
 
gravel; pH- 5.3, strongly acid; abrupt smooth boundary.
 

2Bwl 19 - 35 cm Dark reddish brown (5YR 3/4) loam, strong brown (7.SYR

5/6, dry): weak medium prismatic parting to moderate fine and medium subangular

blocky structure; soft, veiuy friable, slightly sticky and slightly plastic; weakly

smeary, very moist or wet; common very fine roots; 
 many very fine tubular and
 
intersti.ial pores; 1% cobble, 2% gravel; pH- 5.7, medium 
acid; clear smooth
 
boundary.
 

38w2 35 - 45 cm Dark brown (7.5YR 3/4 crushed) very gravelly sandy loam;

structureless; friable, slightly sticky and slightly plastic; 
many very fine roots;
 
many very fine interstitial and tubular pores; coarse fragments, 55% gravel, 2%
 
cobble mixed lithology; pH- 5.7, medium acid; abrupt wavy boundary.
 

4Bqlm 45 - 51 cm Dark red (2.5YR 3/6) and yellowish red (SYR 4/6) indurated
 
duripan; very strongly cemented; coarse fragments, 60% gravel mixed lithology; pH­
5.7, medium acid; abrupt wavy boundary. Laminar cap on surface of pan.
 

5Bq2 51 - 65 cm Black (10YR 2/1) and very dark gray (10YR 3/1); weakly

cemented; coarse fragments, 60% gravel, 3% cobble from mixed lithology; pH- 5.5,
 
strongly acid.
 

*4Bslm 45 - 47 cm indurated layer, Light brownish gray (10YR 6/2, dry); 5YR
 
2/1 stains; very strongly cemented; 50-70% gravel. This horizon and the ones below
 
were sampled in a quarry pit 20 m west of soil pit description.
 

*5Bs2 47 - 58 cm Yellowish red (SYR 5/8, 6/8 2.SYR 4/6, 2.5YR 4/8 dry); SYR
 
2/1 stains; strongly cemented, pores or voids tilled with Fe or clay films; 50 to
 
70% gravel.
 
*5Bs3 58 - 73 cm Strong brown (7.5YR 4/6, and IOYR 5/2 dry); weakly
 

cemented; 50-70% gravel.
 

*5Bs4 73 - 79 cm Yellowish red (SYR 5/6); SYR 2/1 stains; 50-70% gravel.
 

*5Bs5 79 - 90 cm 
 Grayish brown (10YR 5/2, dry); silica coatings 10YR
 
8/2,dry; 10R 2.5/1, dry stains.
 

*These five horizons were sampled in a quarry bank 20 meters to the west of the soil
 
pit.
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LANCO 

PAGE 1 OF 4 PAGES
LAB CLASSIF: MEDIAL, MESIC, SHALLOW TYPIC DURANDEPT
 

S 83FN-275 -002 
 DATE 09/25/84 	 SAMPLE NO. 83P2262-2271 U. S. DEPARTMENT OF AGRICULTURE
 
PEDON NO. 83P 483 SOIL CONSERVATION SERVICE
CHILE-SMSS 
 PROJECU 
NO. 83P 84 	 NATIONAL SOIL SURVZY LAPORATORY
 

GENERAL METHODS 1BlA, 2A1, 2B 	 LINCOLN, NEBRASKA 68508
 

-1-- -2-- -3-- -4-- -5-- -6-- -7-- -8-- -9-- -10- -11-
 -12- -13- -14- -15- -16- -17- -18- -19- -20-


C- - -TOTAL - - -)( -CLAY- )(- -SILT- - - ­- -.--- SAND- --- - --- )(-COARSE FRACTIOS(MM)-)(>2MCLAY SILT SAND FINE C03 FINE COARSE VF F M C VC - - - - WEIGHT - - - - WTSAMPLE HZN DEPTH HORIZON LT .002 .05 LT LI .002 
.02 .05 .10 .25 .5 1 2 
 5 20 .1- PCT 0
NO. NO. (CM) .002 -.05 -2 .0002 .002 -.02 -.05 -.10 -.25 
 -.50 -1 -2 	 -5 -20 -75 75 WHOLE
<' S F- ---.-.-.-.-R PCT OF <2MM (3A1) - ------------ > <- PCT OF <75MM(3B1)-> SOIL 
SEE FOOTNOTE REGARDING PSDA BELOW ***** 832262 Is 0- 19 A 0.3 64.6 35.1 46.7 17.9 15.9 9.9 4.7 3.5 1.1 1 TR 8V 26 9
832263 2S 19- 35 2BW1 -- 43.4 56.6 
 14.4 29.0 22.3 20.1 5.9 4.8 3.5 2 1 9V 42 16

832264 3S 35- 45 3BW2 -- 45.7 54.3 29.1 16.6 14.9 	 8.7 6.1 10.1 14.5 5 24 61V 94 90
832265 4S 45- 51 4BQ2M 8.0 20.4 71.6 
 15.6 4.8 2.9 	 4.6 11.1 19.2 33.8 5 14 68V 96 87
832266 5S 51- 65 5BQ2 2.2 3.7 94.1 2.0 1.7 
 1.3 5.7 18.7 36.1 32.3 5 13 69V 99 87
832267 
 6S 45- 47 46SlM

832268 7S 47- 58 5BS2 

832269 8S 58- 73 5B3 
 .. .. ....

832270 9S 73- 79 5BS4 
 .. .. ....
 
832271 10S 79- 90 5BS5 
 .. .. ....
 

ORGN TOTAL EXTR TOTAL (--DITH-CIT - -)(RATIO/CLAY)(ATTERBERG )(- BULK DENSITY -) COLE ( - - -WATER CONTENT - - ) wRonC N P S EXTRACTABLE 15 - LIMITS - FIELD 1/3 OVEN WHOLE FIELD 1/10 
 1/3 15 WHOLE
SAMPLE HZN 
 FE AL MN CEC BAR LL P1 MOIST BAR DRY SOIL MOIST BAR BAR BAR SOIL
NO. NO. 6AIC 6B3A 6R3A 6C2B 6G7A 6D2A 8D1 8D1 4FI 4F 
 4A3A 4A1D 4A1H 4D1 4B4 4B1C 4B1C 4B2A 4CI
 
<------- PCT OF <2MM 
 -> 	 PCT <0.4MM <- - G/CC - - -> CM/CM <- - -PCT OF <2MM - -> CM/CM
832262 1 8.33 0.516 4.1 1.9 87.33115.00 	 0.64 0.73 0.044 76.3 34.5 0.26
832263 2 3.41 0.311 4.9 1.9 
 0.53 0.63 0.057 79.0 40.8 0.20
832264 3 4.80 0.449 3.2 1.6 
 35.0
832265 4 0.61 
 3.7 1.0 1.59 1.68 
 13.4
832266 5 0.08 
 0.4 0.1 1.82 2.18 
 4.8
 

832267 6
 
832268 7 
 4.3
832269 8 
 4.6
 
832270 9
 
832271 10 
 5.6
 
* PSDA IN ANDEPTS SIIOULD NOT BE USED FOR MAKING ENGINEERING INTERPERTATIONS BECAUSE OF INCOMPLETE DISPERSION OF AMORPHOUS

MATERIAL. THEY ARE PRESENTED TO AID IN CLASSIFICATION AND ASSESSMENT OF MINERALOGY. 
REFER TO PEDON DESCRIPTION FOR FIELD TEXTURE.
 

http:87.33115.00


LANCO 
-1-- -2-- -3--

S 83FN-275 -002 
-4-- -5-- -6-- -7--

DATE 09/25/84 
-8-- -9-- -10- -11-

PEDON NO. 83P 483 
-12- -13- -14-

PAGE 2 OF 4 PAGES 
NATIONAL SOIL SURVEY LABORATORY 

-15- -16- -17- -18- -19- -20-

SAMPLE 
NO., 

-------------------------------------------------------------------------------------------------------------------------------------­
(- N14OAC EXTRACTABLE BASES -) ACID- EXTR (- - - -CEC ­ - -) AL -BASE SAT- C03 AS RES. COND.(- - ­ -PH - ­ -)

CA MG NA K SUm ITY AL SUM NH4- BASES SAT SUm NH4 CAC03 OHMS MMHOS NAF CACL2 H20 
HZN 5B5A 5B5A 5B5A 5B5A BASES CATS OAC + AL OAC <2MM /CM /CM .01M 
NO. 6N2E 602D 6P2B 602B 6H5A 6G9A 5A3A 5A8B 5A3B 5G1 5C3 5C1 6EIG 8E1 81 8C1D 8C1F 8C1F 

<---------- -- MEQ / 100 G ----------- > <­ -- PCT - - - -> 1:2 1:1 

832262 
832263 
832264 
832265 
832266 
832267 
832268 
832269 
832270 
832271 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

1.7 
0.1 
--

0.4 
0.7 

0.5 
0.3 
0.1 
0.1 
0.2 

TR 
.. 
.. 
.. 
.. 

0.1 
.. 
.. 
.. 
.. 

2.3 
0.4 
0.1 
0.5 
0.9 

48.9 
41.8 
41.6 
14.0 
3.3 

0.1 
0.1 
TR 
TR 
TR 

51.2 
42.2 
41.7 
14.5 
4.2 

26.2 
16.8 
18.3 
12.7 
4.0 

2.4 
0.5 

4 
20 

4 
1 

TR 
3 

21 

9 
2 
1 
4 
22 

11.2 
11.1 
11.2 
10.3 
8.5 

5.3 
5.9 
5.6 
5.7 
5.6 

5.8 
5.8 
5.8 
5.9 
6.2 

--------------------------------------------------------------------------------------------------------------------------------------

SAMPLE 
NO. 

- - - SPODIC HORIZON CRITERIA -­ ) 
- -NA PYROPHOSPHATE EXTRACTABLE- -) iNDEX 
C FE AL FE+AL FE+AL AL+C OF 

HZN (- -DIVIDED BY- -) ACCUM 
NO. 6A4A 6C8A 6G10 DI-CI PCT PCT 

<- PCT OF <2MM-> FE+AL CLAY CLAY 

(----------- -- MINERALOGY­ - --- - - -­
(------- CLAY- ------- ) 
- - - - X-RAY - ­ - TA - -) TOTAL DOM 
- ---- <2U ­ - - - RES WEATH 
7A21 7A21 7A21 7A21 7A3 7A3 7BA 781A 
<- RELATIVE AMOUNTS -> <­ -- PCT - - - -> 

832262 
832263 
832264 
832265 
832266 
832267 
832268 
832269 
832270 
832271 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

0.4 
0.1 
0.1 
0.1 
0.1 

1.1 
0.6 
0.7 
0.3 
0.1 

0.3 
0.1 
0.2 
0.1 
0.4 

5.0 

TR 
0.1 

970 

63 
43 

NX 6 
NX 6 
NX 6 

C 

-------------------------------------------------------------------------------------------------------------------------------------

FAMILY CONTROL SECTION: DEPTH 25- 45 PCT CLAY 0 PCT .1-75MM 68. 
ANALYSES: S= ALL ON SIEVED <2MM BASIS V= 75-20MM FROM VOLUME ESTIMATES 
MINERALOGY: KIND OF MINERAL NX AMORPHOUS 

SPODIC HORIZON: INDEX OF ACCUMUL 0 

RELATIVE AMOUNT 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL I TRACE 
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N S S L
 

SUPPLEMENTAL 	 DATA SHEET
 

LANCO 	 S83FN-275-002
 

EXT 15 P (- -ACID OXALATE- -) EXTR pH 
P BAR RETENT AL SI FE AL KC1 

SAMPLE HZN BRAY1 MOIST (KOH)
NO. NO. 6S3 4B2b [1] [1] [i] [1] [2] 8Clg 

PPM <--------- PCT OF <2MM-- ------- >
 

832262 1 TR 39.7 99 5.0 1.9 1.2 2.9 5.0
 
832263 2 1 56.0 98 6.7 3.2 0.6 3.0 5.5
 
832264 3 TR 63.7 98 5.5 2.5 0.3 3.1 5.3
 
832265 4 1 19.5 94 2.7 1.7 0.8 1.3 5.4
 
832266 5 28 4.6 38 0.8 0.7 0.7 0.3 5.0
 

[l] 	Blakemore, L. C., P. L. Searle, and B. K. Daly. 1981. Soil Bureau
 
Laboratory Methods. A. Methods for Chemical Analysis of Soils. New
 
Zealand Soils Bureau Scientific Report 10A. Dsiro, New Zealand.
 

[2] 	Holmgren, G. G. S. and J. M. Kimble. 1984. Field Estimation of
 
Amorphous Aluminum with 4N KOH. Soil Sci. Soc. Amer. J. (in
 
publication)
 



-- --------------------------------------------------

-------------------------- 

---------- ---------------------------------------------------------------------------------------------------------------------------

LA1O S83FN-275-002 
Pg 4 of 4 

"MINERALOGY ......................................... . .......... )
--------------------------- OPTICAL---------------------------- ) ( ------------ X-RAY --------- ) (---DTA--) (TOT ANAL) 

SAND/SILT --------------------------- ) ( ----------------------- CLAY-----------------------SAMPLE HZN FA RE 
 X20 FE
NO. NO. 7BA 	7BA 7B1A 7BIA 7BIA 7BA 7BIA 7BA 7BA 7B1A 7BA 7A2I 7A21 7A2I 7A21 7A21 7A3 7A3 6Q3A 6C7A 
< ----------------------- PCT------------------------------- > < ---- RELATIVE AMOUNTS-----> <------- PCT ---------- > 

83P2262 1 NX 6 	 0.2 3.983P2263 2 NX 6 
 0.0 2.2

83P2264 3 VFS OT96 GS 3 GC 1 GA<l NX 6 0.0 2.9 
83P2265 4 
83P2266 5 
83P2267 6 
83P2268 7 
83P2269 8 
83P2270 9 
83P2271 10 

ANALYSES: S-ALL ON SIEVED C 2mm BASIS 

MINERAL3G; PA -	 FRACTION ANALYZED RE = RESISTANT 

KIND OF MINERAL: 	 NX - NON-CRYSTALLINE GA - GLASS AGGREGATES GS - GLASS OT OTHER GC - GLASS COATED GRAIN 

RELATIVE AMOUNT*: 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL I TRACE 

MINERALOGY BASED ON SAND/SILT: 

MINERALOGY BASED ON CLAY: 

FAMILY PLACEMENT: 

COMMENTS:
 



Series: Los Ulmes 113 6/83
Pedon No: S83FN-275-003 
Taxonomy: Clayey, halloysitic, mesic Orthoxic Pale Humult
 

' Latitude: S39045 Longitude: W 730091
 

Location: Cuesta Santa Elvira
 
Geamorphic Position: Hillslope
 
Slope and Aspect: 12% NW planar Elevation: 100 m M.S.L
 
Air Temp. 13.8 C Summer: 15.9C Winter: 7.9C
 
Precipitation: 210 an Udic moisture regime.
 
Water Table: > I0 m
 
Drainage: Well drained Permeability: moderate
 
Stoniness: non stony
 
Land Use: forest
 
Erosion or Deposition: none
 
Parent Material: volcanic ash over mica shist at depths > 2 
m 
Described by: Cook, R. Honorato, G. W. Vera,T. W. Luzio, Galindo, R. Grez,

Remarks: Date described: January 6, 1983. 
 Field reaction by Universal Indicator
strips, ph 4.0-7.0 (soil/water: 1/2.5); field moisture, 0-7 c dry and 7-202 an
slightly moist; 2an of mixed fresh and decomposed leaves and needles over mineral
horizon; vegetation composed of Pinus radiata, eucalyptus, australian 
sponge-tree, blackberry, and huckleberry. 

Al 0 - 7 =n clay loam; Dark reddish brown (5YR 3/3, rubbed); strongmedium and coarse granular structure; friable, slightly sticky; slightly plastic;
weakly smeary, very moist or wet; many very fine and conon coarse roots; many veryfine, fine, and coarse interstitial pores; pE= 5.3, strongly acid; clear wavy

boundary. 

A2 7 - 27 an Dark reddish brown (2.5YR 3/4) clay loam; moderate coarse coarse subangular blocky structure; friable, slightly sticky and slightly plastic;
weakly smeary, very noist or wet; many very fine, fine, and few coarse roots; few 
very fine tubular, pores; pH= 5.5, clear smoothstrongly acid; boundary. 

A3 27 - 66 cn Dark reddish brown (2.5YR 3/4) clay loam; weak medium and 
coarse subangular blocky structure; very friable, slightly sticky; slightly plastic;weakly smeary, very moist or wet; conon very fine, fewfine and medium, coarse
roots; many very fine interstitial and tubular pores; pH= 5.5, strongly acid; clear 
smooth boundary.

Pieces of charcoal and cemrrnted nodules of soil material from burned roots, size 
5-10 mnm. 

2Btl 66 - 115 cm Yellowish red (5YR 4/6) silty clay loam; weak mediumprismatic structure parting to weak coarse subangular blocky; friable, slightly
sticky and slightly plastic; weakly smeary, very moist or wet.; very few thin patchyclay skins in pores; few very fine, fine and medium roots; many very fine and fine
tubular, discontinuous pores; pH= 5.5, strongly acid; diffuse smooth boundary. 

2Bt2 115 - 166 cm Yellowish red (YR 4/6) and reddish brown (YR 4/4) silty
clay loam; weak medium prismatic structure parting to weak coarse subangular blocky;
friable, slightly sticky and slightly plastic; weakly smeary, very moist or wet; few
very fine and medium roots; comon very fine tubular, discontinuous pores; few thinclay films in pores and on peds; pH-= 5.5, strongly acid; gradual smooth boundary.
 

2Bt3 166 - 200 an Reddish brown (5YR 4/4) and yellowish red (5YR 4/6) siltloam; structureless; friable, slightly sticky and slightly plastic; weakly wneary,
very moist or wet; few very fine and medium roots; few very fine tubular,discontinuous pores; thin films onfew clay in pores and peds; pH= 5.5, strongly
acid. 
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LOS ULMOS 

LAB CLASSIF: CLAYEY, HALLOYSITIC, MESIC ORTHOXIC PALEHUMULT 
 PAGE 1 OF 4 PAGES
 

S 83FN-275 -003 
 DATE 09/25/84 SAMPLE NO. 83P2234-2239 
 U. S. DEPARTMENT OF AGRICULTURE
 
CHILE-SMSS PEDON NO. 83P 479 SOIL CONSERVATION SERVICE
PROJECT NO. 83P 84 
 NATIONAL SOIL SURVEY LABORATORY
 

GENERAL METHODS IBIA, 2A1, 2B LINCOLN, NEBRASKA 68508
 
-1-- -2-- -3-- -/4-- -5-- -6-- -7-- -8-- -9-- -10- -IT- -12-
 -13- -14- -15- -16-
 -17- -18- -19- -20-


S- - -TOTAL - - -)(- -CLAY- -)(-
 -SILT- -)(------ SAND ---.--- )(-COARSE FRACTIONS(MM)-)(>2
CLAY SILT SAND FINE C03
SAMPLE tZN DEPTH HORIZON LT FINE COARSE VF F M C VCNO. NO. (CM) .002 .05 LT LT .002 - - - - WEIGHT - ­.002 -.05 -2 .02 .05 .10 .25 .5 - - WT
.0002 .002 -.02 -.05 1 2 5 20
-. 10 -.25 -. 50 -1 -2 .1- PCT 0
-5 -20 -75 75 WHOLE
 

<-------------
 PCT OF <2MM (3A1) - ------------ > 
<- PCT OF <75HH(3B1)-> SOIL

832234 1s 0- 7 Al 52.4 36.1 11.5 22.5 13.6 5.2 3.8 1.1 0.7 0.7 TR TR --832235 2S 7- 27 A2 45.4 41.2 13.4 16.0 27.2 14.0 

6 -­
6.1 4.0 1.2 0.9 1.2 TR -. ..832236 3S 27-
 66 A3 58.3 31.8 9.9 23.8 20.8 11.0 3.8 2.7 1.4 1.2 0.8 TR TR --

7 -­
6 TR
832237 4S 66-115 2BT1 78.4 17.0 
 4.6 55.1 9.8 7.2 2.0 1.6 0.7 0.3 
 -- TR TR --832238 5S 115-166 2BT2 83.6 12.5 3.9 62.4 8.3 4.2 1.7 1.3 
3 TR
 

0.5 0.2 0.2 TR .. .. 2 -­832239 6S 166-200 2BT3 81.3 13.4 5.3 58.0 8.7 4.7 
 2.3 1.6 0.8 0.4 0.2 TR TR -- 3 TR 

ORGN TOTAL 
EXTR TOTAL {- - DITH-CIT - -)(RATIO/CLAY)(ATTERBERG )(- BULK DENSITY -) COLE (- - -WATER CONTENT - -) WRDC N P S EXTRACTABLE 15 - LIMITS - FIELD 1/3 OVEN WHOLE FIELDSAMPLE HZN 1/10 1/3 15 WHOLE _
FE AL MN CEC BAR LL PI MOIST BAR DRY SOIL MOIST BAR BAR BAR 
SOIL
NO. NO. 6A1C 683A 6R3A 6C2B 6G7A 6D2A 
 8D1 8D1 4F1 4F 4A3A 4AlD 4A1H 4D1 
 4B4 4BIC 481C 4B2A 4C1
 
<- ------ -PCT OF <2MM------ --> 
 PCT <0.4MM <- - G/CC - - -> CM/CM 
 <- - -PCT OF <21 - -> CM/CH


832234 1 6.54 0.401 
 5.5 1.7 0.63 0.51 
 0.83 0.97 0.053 45.4 26.8 0.15
832235 2 4.29 0.224 
 6.2 1.9 0.51 0.51 
 0.90 1.02 0.043 41.9 23.1 0.17
832236 3 2.38 0.118 
 7.0 1.8 0.33 0.44 
 0.87 1.04 0.061 40.4 25.4 0.13
832237 4 0.60 
 8.1 1.9 0.17 0.35 
 1.14 1.41 0.073 41.1 27.1
832238 5 0.58 0.16
8.3 1.9 0.15 0.36 
 1.11 1.46 0.096 45.2 29.8 0.17
832239 6 0.43
-- - - .- 8.1 1.7 0.15 0.36
-- -- - -- -- -- -- - -- -- - - - - - - - - - 1.10 1.47 0.101 44.7 29.2
- - -- - - - -- -- -- - 0.17
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LOS UUI4OS 	 S 83FN-275 -003 
 DATE 09/25/84 PEDON NO. 83P 479 NATIONAL SOIL SURVEY LABORATORY
 
-1-- -2-- -3-- -4-- -5-- -6-- -7-- -8-- -9-- -10- -11- -12- -13- -14- -15- -16- -17- -18- -19- -20­

(-	NH4OAC EXTRACTABLE BASES -) ACID- EXTR 
( - - CEC - - -) AL -BASE SAT- C03 AS RES. COND.(- - - -PH - - -)
CA MG NA K SUm ITY AL SUm NI14- BASES SAT SUm N114 CAC03 OHMS MNIIOS NAF CACL2 H20 

SAMPLE HZN 5B5A 5B5A 5B5A 5B5A BASES CATS OAC + AL OAC <2MM /Cm /Cm .OM 
NO. NO. 6N2E 602D 6P2B 6Q2B 6H5A 6G9A 5A3A 5ACB 5A3B 5G1 5C3 5C1 6EIG BE1 81 8C1D 8C1F 8CIF 

<---------- -- -EQ / 100 C -------- -- -- > <- -- PCT - - - -> 1:2 1:1 

832234 1 4.0 1.9 0.3 0.5 6.7 34.5 1.4 41.2 33.0 8.1 17 16 20 
 9.7 4.9 5.4

832235 2 -- 0.5 0.2 0.2 0.9 30.8 2.14 31.7 23.1 3.3 73 3 4 	 10.1 4.9 5.0
 
832236 3 1.5 0.5 0.3 TR 2.3 27.8 1.9 30.1 19.5 4.2 45 8 12 9.9 4.6 5.3 
832237 4 0.5 0.6 0.3 TR 1.4 22.3 1.2 23.7 13.2 2.6 46 6 11 9.7 4.7 5-2
832238 5 0.1 0.8 0.3 TR 1.2 24.5 1.6 25.7 12.4 2.8 57 5 10 9.5 4.5 5.1 
832239 6 -- 0.8 0.3 -- 1.1 23.0 1.9 24.1 12.2 3.0 63 5 9 	 9.4 4.4 5.0
 

- - -.SPODIC HORIZON CRITERIA - - - - -	 - - ----- - MINERALOGY-- --------.---.-.- --

C-	 -NA PYROPHOSPHATE EXTRACTABLE- -) INDEX - ------ CLAY------ - - )- - .) -) 

C FE AL FE+AL FE+AL AL+C OF - - - - X-RAY -.----. -DTA - -) TOTAL DOMSANPLE HZN (- -DIVIDED BY- -) ACCUM - ---- <2U - ---- <2U - -) RES WEATHNO. NO. 6A0A 6C8A 6G1 DI-Cl PCT PCT 7A21 7A21 7A21 7A21 7A3 7A3 7BIA 711A 
<-	 PCT OF <2MM-> FE+AL CLAY CLAY 
 <-	 RELATIVE AMOUNTS -> <- -- PCT - - - -> 

832234 1 0.8 0.9 0.2 TR 105
 
832235 2 0.7 0.8 0.2 TR 180 
 KH 2 VR 1 GE 1 KH34 87 WE13 
832236 3 0.5 0.5 0.1 TR 37 
832237 4 0.2 0.2 TR -- KH 	3 GE 2 VR 1 KH59
 
8322:8 5 0.4 0.3 0.1 --	 KH 3 GE 	2 VR 1 KH69
 
832239 6 0.3 0.2 0.1 --

FAMILY CONTROL SECTION: DEPTH 25-100 PCT CLAY 67 PCT .1-75MM 
 5. bPODIC HORIZON: INDEX OF ACCUMUL 0 
ANALYSES: S= ALL ON SIEVED <2MM BASIS 
MINERALOGY: KIND OF MINERAL KH HALLOYSITE VR VERMICULITE CE GOETHITE WE WEATH MIN 

RELATIVE AMOUNT 6 INDETERMINATE 5 DOMINANT 11ABUNDANT 3 MODERATE 2 SMALL 1 TRACE
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N S S L
 

SUPPLEMENTAL 	 DATA SHEET
 

LOS 	ULMOS S83FN-275-003
 

EXT 15 P (- -ACID OXALATE- -) EXTR pH 
P BAR RETENT AL SI FE AL KCl 

SAMPLE HZN BRAY1 MOIST 'KOH) 
NO. NO. 6S3 4B2b [11] l] El] Ili [2] 8Clg 

PPM <--------- PCT OF <2MM- - ------- > 

832234 1 1 34.3 92 1.2 0.2 0.9 1.0
 
832235 2 1 28.9 95 1.4 0.2 1.0 1.4
 
832236 3 TR 31.7 94 1.2 0.2 0.9
 
832237 4 1 37.0 91 0.6 0.2 0.7 0.9
 
832238 5 2 44.2 91 0.6 0.2 0.7 0.8
 
832239 6 1 46.4 91 0.7 0.2 0.7 0.8
 

(1] 	Blakemore, L. C., P. L. Searle, and B. K. Daly. 1981. Soil Bureau
 
Laboratory Methods. A. Methods for Chemical Analysis of Soils. New
 
Zealand Soils Bureau Scientific Report 10A. Dsiro, New Zealand.
 

[2] 	Holmgren, G. G. S. and J. M. Kimble. 1984. Field Estimation of
 
Amorphous Aluminum with 4N KOH. Soil Sci. Soc. Amer. J. (in
 
publication)
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-- ­
---­

- - - - ­ - - - - ­ -- ­ - - -
OPTICAL 

- - ­ - - - - - MINERALOGY -- ­ - - -
INERALOGY ) ( ------

- - - ­ - -
-X-RAY -

- - - - -
-) 

- ­ - - -
(---DTA--) 

- - - ­ - -) 
(TOT ANAL) 

SAMPLENO. HZNNO. 
-----------
FA RE7BIA 7B1A 7BIA 

SAND/SILT........ 
71A 7BlA 7BlA 7BlA 7BlA 

-
7BlA 7BIA 

) 
7BJA 

(------......... 
7A21 7A21 7A2I 7&21 

CLAY......-....... 
7A2I 7A3 7A3 K20603A 

-
FE6C7A 

< ----------------------- PCT------------------------------- > <----RELATIVE AMOUNTS ----- > < - PCT---------­ > 
------------------------------------------------------------------------------------------------------------------------------------­

83P2234 
83P2235 

1 
2 VFS 87 RE87 WE13 KH 2 VR 1 GE 1 KH34 0.1 9.X 

83P2236 3 
83P2237 4 KH 3 GE 2 VR 1 KH59 0.1 10.4 
83P2238 5 KH 3 GE 2 VR1 KH69 0.1 9.4 
83P2239 6 

ANALYSES: S-ALL ON SIEVED < 2mm BASIS 

MINERALOGY: FA FRACTION ANALYZED RE - RESISTANT 

KIND OF MINERAL: GE - GOETHITE RE - RESISTANT MINERALS VR = VERMICULITE WE - WEATHERABLE MINERALS KE - BALLOYSITE 

RELATIVE AMOUNT: 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL I TRACE 

MINERALOGY BASED ON SAND/SILT: 

MINERALOGY BASED ON CLAY: 

FAMILY PLACEMENT:
 

CO4MENTS: 



Series: Ozorno 119 6/83 
Pedon No: S83FN-275-004 
Taxonomy: Medial, mesic Typic Durandept 
Latitude: S 40030 ' Longitude: W73'021 
Location: REmehue
 
Geromrphic Position: Terrace 
Slope and Aspect: 1% convex Elevation: 80 m M.S.L 
Air Temp. 13.2 C Sunmer: 14.2C Winter: 6.8C
 
Precipitation: 145 an Udic moisture regime.

Water Table: > 10 m 
Drainage: Moderately well drained Permeability: moderate 
Stoniness: non stony 
Land Use: pasture
 
Erosion or Deposition: none 
Parent Material: volcanic ash over very strongly weathered tuff at 94 an
 
Described by: T. Cook, W. Luzio, R. Honorato, G. Galindo, W. Vera, R. Grez,
 
Renarks: Date described: January 8, 1983. Field reaction by Universal Indicator
 
strips, ph 4.0-7.0 (soil/water: 1/2.5); field moisture, 0-26 cm dry 26-94 an 
slightly moist and 94-190 an moist; vegetation-pasture grasses-Poa, Dactylis
glcmerata, Holcus lanatus, Anthoxanthum s., Plantago lanceolata,
Lolium sp., Trifolium repens, and scattered roble (Nothofagus procera); 2-3% 
charcoal and iron and manganese rounded concentrations from 0 to 88 an. 

0 0 - 0 cm m-t of roots with very little soil material; abrupt smooth 
boundary with the mineral so . 

Ap 0 - 26 cn Very dark grayish brown (10YR 3/2) silt loam; weak medium 
and coarse structure parting to weak coarse subangular; friable, slightly sticky and 
slightly plastic; weakly smeary, very moist or wet; many very fine mostly exped
roots; common very fine interstitial and very fine tubular pores; pH= 5.5, strongly
acid; clear smooth boundary. 

Bwl 26 - 56 cm Dark yellowish brown (10YR 3/4) silt loam; structureless; 
friable, slightly sticky and slightly plastic; moderately smeary, very moist or wet;
 
common very fine roots; many very fine, few fine tubular pores; 26-31 cm is 
compacted by plowing, appears to be darker in this thin layer and moist consistance 
is firm; pH= 5.5, strongly acid; gradual smooth boundary. 

Bw2 56 - 88 cn Dark yellowish brown (10YR 4/6) silt loam; conmon fine 
distinct strong brown (7.5YR 5/6) mottles; structureless; friable, slightly sticky
and slightly plastic; moderatly smeary, very moist or wet; few very fine roots; many 
very fine, few fine and coarse tubular pores; common thin cutans (gels) in pores;
pH= 5.5, strongly acid; abrupt wavy boundary. 

2Bq 88 - 94 cm Black (5YR 2/1) and yellowish red (5YR 4/6) iron and 
silica cemented pan; extremely firm, strongly cemented with iron; few very fine 
roots in cracks; few very fine tubular, discontinuous pores; abrupt wavy boundary. 
The broken and discontinous, cracks or voids in the pan are 10-60 cm apart. Roots
 
and water impeded by the pan but does penetrate through the cracks. 

2C1 94 - 149 cm Light gray (10YR 7/2) silty clay loam; many fine and medium 
prominent dark red (2.5YR 3/6) mottles; structureless; friable, slightly sticky;
plastic; moderatly smeary, very moist or wet; ccanon very fine and fine interstitial 
and tubular pores; pff= 5.3, strongly acid; abrupt wavy boundary. 

3C2 149 - 190 cm Dark gray (5Y 4/1) fine sand; structureless; friable,
strongly smeary, very moist or wet; pH= 5.5, strongly acid. 
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OSORNO
 

LAB CLASSIF: MEDIAL, MESIC TYPIC DURANDEPT PAGE 1 OF 4 PAGES 

S 83FN-275 -004 DATE 09/25/84 
 SAMPLE NO. 83P2277-2286 
 U. S. DEPARTMENT OF AGRICULTURE
 
PEDON NO. 83P 485 SOIL CONSERVATION SERVICE
CHILE-SMSS 
 PROJECT NO. 83P 84 
 NATIONAL SOIL SURVEY LABORATORY
 

GENERAL METHODS IB1A, 2A1, 2B LINCOLN, NEBRASKA 68508
 

-1--------------- - ---------------
-9-- -10- -11- -12- -13- -14- -15- -16- -17- -18- -19- -20-


S- - -,3TAL - - -)(- -CLAY- -)(- -SILT- -)( ------ SAND------
 )(-COARSE FRACTIONS(MM)-)(>2MM
CLAY SILT SAND FINE C03 
 FINE COARSE VF F M
SAMPLE tZN DEPTH HORIZON LT .002 .05 LT LT .002 C VC - - - - WEIGHT - - - - WTNO. NO. (CM) .002 .02 .05 .10 .25 .5 1
-.05 -2 .0002 .002 -.02 -.05 -. 10 2 5 20 .1- PCT 0
-.25 -.50 -1 -2 -5 -20 
 -75 75 WtOLE 
PCT OF <2MM (3A1)----------------- - > <- POT OF <75MM(3B1)-> SOIL 

* SEE FOOTNOTE REGARDING PSDA BELOW *****
 
832277 Is 0- 26 AP 8.0 75.3 16.7 50.4 24.9 
 8.3 4.4 '.2 0.8 1 TR -- 9 1832278 2S 26- 56 2BW1 -- 49.3 50.7 27.2 22.1 18.9 19.1 -.5 3.3 0.9 2 TR -- 33 2832279 3S 56- 88 2BW2 
 0.2 29.1 70.7 14.8 14.3 16.6 23.2 15.3 11.4 4.2 2 3 2 57 7
832280 4S 88- 94 20Q 6.6 22.8 70.6 16.2 6.6 10.7 14.1 
 14.1 15.4 16.3 7 13 5 70 25
832281 5S 94-149 2C1 15.1 140.0 44.9 30.5 9.5 
 9.0 11.9 8.8 7.5 7.7 3 5 -- 41 8
832282 6S 149-190 3C2 4.9 43.9 51.2 22.4 21.5 39.9 10.3 0.4 0.3 0.3 TR TR 
 -- 11 -­832283 7S 94-149 SUBI 10.6 41.5 47.9 
 30.5 11.0 11.5 14.8 8.7 6.5 6.4 25 22 -- 66 47
832281 85 94-149 SUB2 13.7 34.3 52.0 27.1 7.2 7.7 
 12.6 13.6 12.5 5.6 11 12 2 58 25
832285 9S 94-149 SUB3 20.0 65.0 15.0 
 50.0 15.0 7.0 2.4 1.7 2.4 1.5 4 3 -- 114 7832286 IOS 94-149 SUB4 31.4 56.4 12.2 47.3 9.1 5.2 2.7 1.6 1.4 1.3 2 2 -- 11 4 

OGN TOTAL EXTR TOTAL (- - DITH-CIT - -)(RATIO/CLAY)(ATTERBERG )(- BULK DENSITY -) COLE (-C N - -WATER CONTENT - -) WRD = P S EXTRACTABLE 15 - LIMITS - FIELD 1/3 
 OVEN WHOLE FIELD 1/10 1/3 15 WHOLE
SAMPLE IIZN 
 FE AL MN CEC BAR LL 
 PI MOIST BAR DRY SOIL MOIST BAR BAR BAR SOIL
NO. NO. 6A1C 683A 6R3A 6C2B 6C7A 6D2A 801 8D1 4F1 4F 4A3A 
 4AlD 4A1H 4D1 14 4B1C 4B1C 4B2A 4C1
<------- PCT OF <2MM -> PCT <0.4MM <- - G/CC - - -> CM/CM <- - -PCT OF <2MM - -> CM/CM
832277 1 9.38 0.756 
 1.7 1.0 0.1 4.38 4.16 0.69 0.80 0.050 71.1 33.3 0.26
832278 2 3.70 0.304 2.14 1.1 0.1 0.58 0.73 0.079 75.7 29.1 0.27832279 3 2.52 0.2'.5 
 3.1 1.3 0.1115.50156.50 
 0.53 0.71 0.101 95.7 31.3 0.34
832280 4 0.37 1.6 0.4 
 0.1 2.83 3.67 
 24.2
832281 5 0.07 1.0 
 0.1 0.1 1.25 1.28 0.99 1.07 0.025 53.2 19.4 0.32
832282 6 0.03 
 0.3 TR TR 1.59 1.41 0.89 0.92 0.011 46.5 6.9 0.35
832283 7 1.2 
 0.1 0.1 1.42 
 15.1
832284 8 
 1.8 0.2 0.1 1.35 
 18.5
832285 9 0.8 
 0.1 TR 1.02 
 20.4
832286 10 
 1.7 0.2 TR 1.00 
 31.4
 
PSDA IN ANDEPTS SIIOULD NOT BE USED FOR MAKING ENGINEERING INTERPERTATIONS BECAUSE OF INCOMPLETE DISPERSION OF AMORPHOUS
 
MATERIAL. THEY ARE PRESENTED TO AID IN CLASSIFICATION AND ASSESSMENT OF MINERALOGY. 
REFER TO PEDON DESCRIPTION
 
FOR FIELD TEXTURE.
 

http:0.1115.50156.50
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-1-- -2-- -3-- -4-- -5-- -6-- -7-- -8-- -9--
 -10- -11- -12- -13- -14r -15- -16- -17- -18- -19- -20­

(- NH4OAC EXTRACTABLE BASES -) ACID- EXTR (- - - -CEC - - -) AL -BASE SAT- C03 AS RES. COND.(- - - -PH - - -)
CA MG NA K SUM ITY AL SUm N14- BASES SAT SUM NH4 CAC03 OHMS MHIIOS NAF CACL2 H20 

SAMPLE IIZN 5B5A 5B5A 5B5A 5B5A BASES CATS OAC + AL OAC <2MM /CM /CM .01M 
NO. NO. 6N2E 602D 6P2B 6Q2B 6H5A 6G9A 5A3A 5A8B 5A3B 5G1 5C3 5C1 6E1G 8E1 81 8C1D 8C1F 8cIr<- - - - - -- - - - - -MEQ / 100 G - - - - -- - - - - -> < -.. . . .PCT -.. . .> 1:2 1:1
 
------------------------------------------------------------------ C----->12
ME 0 -------------------------
 :---­

832277 1 2.1 0.2 -- 0.1 2.4 50.8 0.9 53.2 35.0 3.3 27 5 7 10.9 4.8 5.2 
832278 2 2.7 0.4 .. .. 3.1 41.7 TR 44.8 23.0 7 13 11.0 5.6 6.1 
832279 3 2.5 0.8 .. .. 3.3 38.6 -- 41.9 23.1 8 14 10.9 5.8 6.3 
832280 4 1.4 0.8 0.1 -- 2.3 20.3 TR 22.6 18.7 10 12 10.1 5.6 6.3 
832281 5 5.3 5.6 1.4 -- 12.3 11.4 0.1 23.7 18.8 12.4 1 52 65 9.0 6.0 7.0 
832282 6 3.4 1.4 0.5 0.5 5.8 5.2 0.1 11.0 7.8 5.9 2 53 74 8.5 6.1 6.9 
832283 7 
832284 8 
832285 9 
832286 10 

-------------------------------------------------------------------------------------------------------------------------------------

SAMPLE 
NO. 

- - - -SPODIC HORIZON CRITERIA ------­ ) 
(- -NA PYROPHOSPHATE EXTRACTABLE- -) INDEX 

C FE AL FE+AL FE+AL AL+C OF 
HZN (- -DIVIDED BY- -) ACCUM 
NO. 6A4A 6C8A 6G10 DI-CI PCT PCT 

( ----
- ----

(- - -
(- ---
7A21 

-- MINERALOGY­ ----
CLAY ) 

- X-RAY----- -DTA ­ -) 
<2U - --- -<2U - -) 

7A21 7A21 7A21 7A3 7A3 

-- - --

TOTAL DOM 
RES WEATH 

7B1A 781A 
<- PCT OF <2MM-> FE+AL CLAY CLAY <- RELATIVE AMOUNTS -> <­ -- PCT - - - -> 

832277 1 0.7 1.1 0.7 0.2 1279 NX 6 
832278 2 0.2 0.7 0.3 NX 6 
832279 3 0.1 0.6 0.2 3.5 1338 
832280 4 0.2 0.3 0.3 0.1 116 NX 6 
832281 5 0.1 0.1 0.2 TR 888 KH 2 FD 1 NX 6 KH29 
832282 6 0.1 TR 0.3 TR 
832283 7 0.1 TR 0.1 -- KH 3 NX 6 KH16 
832284 8 0.1 TR 0.1 -- KH 3 NX 6 KH20 
832285 
832286 

9 
10 

0.1 
0.1 

TR 
0.1 

0.1 
0.1 

--
--

K( 3 
1H13 

NX 6 
NX 6 

KH26 
KH37 

FAMILY CONTROL SECTION: DEPTH 25- 88 PCT CLAY 0 PCT .1-75MM 45. SPODIC HORIZON: INDEX OF ACCUMUL 

ANALYSES: S= ALL ON SIEVED <2MM BASIS
 
MINERALOGY: KIND OF MINERAL NX AMORPHOUS KH HALLOYSITE FD FELDSPAR
 

RELATIVE AMOUNT 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL 1 TRACE
 

0 
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NSSL
 

SUPPLEMENTAL 
 DATA SHEET
 

OSORNO 	 S83FN-275-004
 

EXT 
 15 P C- -ACID OXALATE -) EXTR pHP BAR RETENT AL SI FE AL 
 KC1
SAMPLE HZN FRAY1 
 (KOH)

NO. NO. 6S3 4B2b [Il 
 (1] (1] [I] [2] 8Clg 

PPM <--------- PCT OF <2MM---------- > 

832277 1 1 44.4 
 96 3.3 1.2 1.1 2.6
 
832278 2 TR 65.8 96 5.6 2.6 1.1 3.1

832279 3 TR 68.9 98 4.6 2.2 0.3 
 2.7
 
832280 4 TR 38.4 94 3.6 2.7 1.8 1.4
 
832281 5 3 27.0 50 0.3 0.3 0.7 
 0.2
 
832282 6 4 7.5 10 0.1 
 0.1 0.2 0.1

832283 
 7 4 	 32 0.1 0.2 0.4 0.2
 
832284 
 8 3 	 32 0.3 0.2 0.8 0.2
 
832285 
 9 1 	 38 0.2 0.1 0.2 0.2
 
832286 10 1 
 53 0.3 0.2 0.4 0.3
 

(1] 	Blakemore, L. C., P. L. Searle, and B. K. Daly. 1981. Soil Bureau
 
Laboratory Methods. 
 A. Methods for Chemical Analysis of Soils. New
 
Zealand Soils Bureau Scientific Report 10A. Dsiro, New Zealand.
 

[2] 	Holmgren, G. G. S. and J. M. Kimble. 1984. 
 Field Estimation of
 
Amorphous Aluminum with 4N KOH. 
Soil Sci. Soc. Amer. J. (in
 
publication)
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- - - - -- - MINERALOGY I.- ) 
--------------------------- OPTICAL ---------------------------- ------------ X-RAY--------- ) (---DTA--) (TOT ANAL) 
-------------------------- SAND/SILT --------------------------- ----------------------- CLAY-------------------------

SAMPLE HZN FA RE K20 FE 
NO. NO. 7BIA 7BIA 7BIA 7BIA 7BIA 7BIA 7BIA 7B1A 7B1A 7BlA 7BIA 7A2I 7A2I 7A2I 7A2I 7A2I 7A3 7A3 6Q3A 6C7A 

< ----------------------- PCT ------------------------------ > < ---- RELATIVE AMOUNTS ---- > <- [---- >rCT----------


83P2277 1 NX 6 0.0 3.6 
83P2278 2 VFS OT89 GS 6 GA 5 GC<I NX 6 0.0 3.8 
83P2279 3 
83P2280 4 NX 6 0.0 5.1 
83P2281 5 KH 2 FD 1 NX 6 KH29 0.1 5.8 
83P2282 6 
83P2283 7 KH 3 NX 6 KH16 0.3 4.4 
83P2284 8 KH 3 NX 6 KH20 0.1 5.5 
83P2285 9 VFS OT69 GS25 GA 6 GC 1 KH! 3 NX 6 KH26 0.0 4.5 
83P2286 10 KH 3 NX 6 KH37 0.1 4.8 

ANALYSES: S=ALL ON SIEVED < 2mm .ASIS
 

MINERALOGY: FA = FRACTION ANALYZED RE RESISTANT 

KIND OF MINERAL: NX = NON-CRYSTALLINE GA = GLASS AGGREGATES GS = GLASS OT = OTHER GC = GLASS COATED GRAIN 

FD = FELDSPAR KH - HALLOYSITE 

RELATIVE AMOUNT: 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL 1 TRACE
 

MINERALOGY BASED ON SAND/SILT: 

MINERALOGY BASED ON CLAY: 

FAMILY PLACEMENT: 

COMMENTS:
 



Series: Antillanca 125 6/83
 
Pedon No: S83FN-275-005
 
Taxonany: Ashy, frigid Typic Udorthent
 
Latitude: S40 46' Longitude: W720126
 
Location: Antillanca
 
Geamorphic Position: Hillslope
 
Slope and Aspect: 10% east Elevation: 1050 m M.S.L
 
Air Temp. 11 C Summer: 16C Winter: 7C
 
Precipitation: 275 an
 
Water Table: > 10 m
 
Drainage: Well drained Permeability: Moderately rapid or rapid

Stoniness: non stony
 
Land Use: forest
 
Erosion or Deposition: none
 
Parent Material: recent volcanic ash and cinders
 
Described by: T. Cook, W. Luzio, R. Honorato, G. Galindo, W. Vera, R. Grez,

Remarks: Date described: January 9, 1983. Field reaction by Universal Indicator 
strips, ph 4.0-7.0 (soil/water: 1/2.5); field moisture, 0-217 cm wet;
vegetation-forest of stunted lenga trees (Nothofagus pumilio) and understory of 
Fuchsia sp., huckleberry, ferns and mosses. 

0 2 - 0 cn Mat of roots and moss etc. 

Al 0- 6 cm Black (10YR 2/1) gravelly sandy loam; structureless; very
friable, non-sticky and non-plastic; weakly sneary, ver moist or wet; common very
fine and medium roots; many very fine to medium interstitial pores; pH= 5.3,
strongly acid; abrupt snooth boundary. 

A2 6 - 20 cn Very dark grayish brown (10YR 3/2) and very dark brown
 
(10YR 2/2) very gravelly coarse sand extremely gravelly coarse sand, and coarse sand 
strata; structureless; loose and very friable, non-sticky and non-plastic; ccnmon 
very fine, fine, and medium roots; many very fine, fine and medium interstitial 
pores; pH= 5.3, strongly acid; abrupt smooth boundary.
 

Cl 20 - 78 cn Very dark gray (10YR 3/1) and black (10YR 2/1) very
gravelly coarse sand also extremelly gravelly coarse sand, and coarse sand strata;
structureless; loose and very friable, non-sticky and non-plastic; few very fine 
roots; many very fine, fine, and medium interstitial pores; pH= 5.5, strongly acid; 
abrupt wavy boundary. 

C2 78 - 147 cm Black (N 2/0) and black (10YR 2/1) and very dark gray (10YR
3/1) extrEm-ly gravelly coarse sand and gravely very coarse sand; structureless; 
loose and very friable, non-sticky and non-plastic; few very fine roots; many very
fine, fine, and medium interstitial pores; pH=- 5.5, strongly acid; abrupt wavy
boundary. 

C3 147 - 217 cm Black (N 2/0) and black (10YR 2/1) and very dark gray (10YR 
3/1) very gravelly coarse sand; structureless; loose and very friable, non-sticky
and non-plastic; many very fine,fine and medium interstitial pores; pH= 5.5, 
strongly acid. 

Notes: 1. 6-217 cn -- Each horizon consists of many strata ranging from 2-100 mm in 
thickness. Textures vary with each strata and are repeated throughout each horizon. 
Pore size and distribution varies with each strata.
 

2. 78-217 cm -- at the lower part of the extremely gravelly strata, thin dark 
brown (7.5YR 4/4) cutans or gels coat fragments and pulg voids.
 

3. Rock fragments vary in size from 2-20 mm and in amounts from 0 to 95
 
percent depending on the strata. The weight-d average of the 25-100 an control 
section is estimated to Le > 35 percent. 
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S 83FN-275 -005 DATE 09/25/84 SAMPLE NO. 
83P2303-2311 
 U. S. DEPARTMENT OF AGRICULTURE
 
PEDON NO. 83P 489 SOIL CONSERVATION SERVICE
CHILE-SNSS 
 PROJECI NO. 83P 84 
 NATIONAL SOIL SURVEY LABORATORY
 

GENERAL METHODS 1BlA, 2AI, 28 LINCOLN, NEBRASKA 68508
 

-1-------------------- - ----------------
-10- -11- -12- -13- -14- -15- -16- -17- -18- -19- -20­

- - -TOTAL - - -)(- -CLAY- -)(- -SILT- -)(
- ---- -SAND---- -- )(-COARSE FRACTIONS(MM)-)(>2M
CLAY SILT SAND FINE C03 FINE COARSE VF F N C VC - - - - WEIGHT - - - - WTSAMPLE IlZN DEPTH HORIZON LT .002 .05 LT 
 LT .002 .02 .05 .10 .25 
 .5 1 2 5 20 .1- PCT 0
NO. NO. (CM) .002 -.05 -2 .0002 .002 -.02 -.05 -. 10 -.25 -. 50 -1 -2 -5 -20 
 -75 75 WHOLE
 
< ............ 
 PCT OF <2MM (3A1) ........-....---------- > <- PCT OF <75MM(3B1)-> SOIL 

832303 iS O- 6 Al 1.0 18.7 80.3 6.3 12.4 14.5 12.7 12.3 16.7 24.1 23 17 -- 79 40832304 2S 6- 20 A2 0.6 
 6.1 93.3 2.4 
 3.7 3.6 7.3 15.4 27.9 39.1 39 18 -- 96 57832305 3S 20- 78 Cl -- 1.8 98.2 0.5 1.3 
 2.2 8.5 21.6 34.3 31.6 15 3 -- 97 18832306 4S 78-147 C2 -- 4.0 96.0 1.7 2.3 4.9 12.4 25.7 30.4 22.6 26 14 TIt 95 40
832307 5S 147-217 C3 -- 4.6 95.4 1.6 3.0 5.7 10.2 16.4 26.2 36.9 31 23 -- 95 54832308 
 6S 78-147 
 SUB1

832309 7S 78-147 SUB2 
 .. .. ....
832310 8S 78-147 SUB3 
 .. .. ..
832311 9S 78-147 SUB4 
 .. .. 
 ..
 

------.-------------------------------------------....................------------------------------------------------

ORGN TOTAL EXTR TOTAL (- - DITII-CIT - -)(RATIO/CLAY)(ATTERBERG )(- BULK DENSITY -) COLE (- - -WATER CONTENT 
- -) WRD
 c N P S EXTRACTABLE 15 - LIMITS - FIELD 1/3 OVEN WHOLE FIELD 1/10 1/3 15 
 WHOLE
SAMPLE HZN 
 FE AL MN CEC BAR LL PI MOIST BAR DRY SOIL MOIST BAR BAR BAR SOIL
NO. NO. 6AIC 6B3A 6R3A 6C2B 6G7A 6D2A 8D1 8Di 
 4F1 4F 4A3A 4AID 4A1H 4D1 4B4 4BlC 4B1C 4B2A 4C1
 
<------- PCT OF <2MM - -> PCT <0.4MMI <- - G/CC - - -> CM/CM <- - -POT OF <2MM - -> CM/CM
 

832303 1 9.39 0.265 
 0.8 0.7 19.00 22.80 
 22.8
8323014 2 1.60 0.052 0.4 
 0.3 6.33 10.83 
 6.5
832305 3 0.14 
 0.3 0.1 
 1.27 1.29 0.005 21.1 3.0 0.21
832306 4 0.09 
 0.3 0.1 
 1.01 1.09 0.020 39.5 2.0 0.30
832307 5 0.08 0.3 0.1 
 2.4
 
832308 6

832309 7 


5.3
832310 8 

3.4
832311 9 

3.6
 

S-----------------------------------------------­
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ANTILLANCA S 83FN-275 -005 DATE 09/25/84 PEDON NO. 83P 489 NATIONAL SOIL SURVEY LABORATORY
 

-1------------------ - ------------- -9-- -10- -11- -12- -13- -14-
 -15- -16- -17- -18- -19- -20­

(- NH4OAC EXTRACTABLE BASES -) ACID- EXTR (- - - -CEC - - -) AL -BASE SAT- C03 AS RES. COND.(- - - -PH - - -)
CA MG NA K SUm ITY AL SUm NHt4- BASES SAT SUM NH4 CAC03 OHMS MM4OS NAF CACL2 H20

SAMPLE IIZN 5BSA 5B5A 5B5A 5B5A BASES CATS OAC + AL OAC <2MM /CM /CM .01M 
NO. NO. 6N2E 602D 6P2B 6Q2B 6H5A 6G9A 5A3A 5A8B 5A3B 5G1 5C3 5C1 6ElG 8EI 81 8CID 8CIF 8CIF 

<----------- -- MEQ / 100 G- --------- -- > <- -- PCT - - - -> 1:2 1:1 

832303 1 1.0 0.5 -- 0.2 1.7 20.3 1.6 22.0 19.0 3.3 48 8 9 10.6 4.6 5.6 
832304 2 TR 0.1 .. .. 0.1 9.0 0.1 9.1 3.8 0.2 50 1 3 10.5 5.2 5.9
 
832305 3 -- 0.1 .. .. 0.1 1.2 TR 1.3 0.7 8 14 8.6 6.2 6.5 
832306 4 -- 0.1 .. .. 0.1 0.4 TR 0.5 0.6 20 17 9.2 6.2 6.6
 
832307 5 0.3 0.1 .. .. 0.4 1.3 TR 1.7 0.6 24 
 67 8.7 6.2 6.7
 
832308 6
 
832309 7
 
832310 8
 
832311 9
 

- - - -SPODIC HORIZON CRITERIA - - - MINERALOGY- - --- - - -­
(- -NA PYROPHOSPHATE EXTRACTABLE- -) INDEX - ------ CLAY ) 

C FE AL FE+AL FE+AL AL+C OF - - - - X-RAY -- ---- -DTA - -) TOTAL DOMSAMPLE HZN (- -DIVIDED BY- -) ACCUM ---- <2U - - - -) RES WEATH 
NO. NO. 6A4A 6C8A 6G10 DI-Cl PCT PCT 7A21 7A21 7A21 7A21 7A3 7A3 7BA 7BIA 

<- PCT OF <2MM-> FE+AL CLAY CLAY <- RELATIVE AMOUNTS -> <- -- PCT - - - -> 

832303 1 0.5 0.7 0.8 1.2 129
 
832304 2 0.1 
 0.2 0.4 0.5 123 NX 6
 
832305 3 0.1 0.1 0.5
 
832306 4 -- 0.1 0.3 NX 6 
832307 5 0.1 0.1 0.5 
832308 6 
832309 7
 
832310 8
 
832311 9
 

FAMILY CONTROL SECTION: DEPTH 25-100 PCT CLAY 0 PCT .1-75MM 96. SPODIC HORIZON: INDEX OF ACCUMUL 0 
ANALYSES: S= ALL ON SIEVED <2MM BASIS 
MINERALOGY: KIND OF MINERAL NX AMORPHOUS 

RELATIVE AMOUNT 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL 1 TRACE
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NSSL
 

SUPPLEMENTAL 	 DATA SHEET
 

ANTILLANCA S83FN-275-005
 

EXT 15 P (- -ACID OXALATE- -) EXTR pH 
P BAR RETENT AL SI FE AL KC1 

SAMPLE HZN BRAY1 MOIST (KOH) 
NO. NO. 6S3 4B2b [I] [I] Il] [I] [2] 8Clg

PPM < - - - - - - - - -PCT OF <2MM - - - - - - - - - >
 
PPM-----<---------------------PCQ(M 


832303 1 2 79 0.9 0.3 0.8 0.9
 
832304 2 2 65 0.5 0.3 0.5 0.6
 
832305 3 3 32 0.3 0.3 0.4 0.3
 
832306 4 4 41 0.3 0.3 0.4 0.3
 
832307 5 6 44 0.3 0.3 0.4 0.3
 

[] 	Blakemore, L. C., P. L. Searle, and B. K. Daly. 1981. Soil Bureau
 
Laboratory Methods. A. Methods for Chemical Analysis of Soils. New
 
Zealand Soils Bureau Scientific Report 10A. Dsiro, New Zealand.
 

[2] 	Holmgren, G. G. S. and J. M. Kimble. 1984. Field Estimation of
 
Amorphous Aluminum with 4N KOH. Soil Sci. Soc. Amer. J. (in
 
publication)
 



------------------ ---------------------------------------------------------------------------------------------------------------

ANrILLANA S83FN-275-005
 ----------------------------------------- --- ---- --- ---- --- ---- --- --- ---- --- ---- --- ---- --- -Pa e ofo4 4 
------ ----- .MINERA LOGY ................................................ 
 --- ) 

--------------------------- OPTICAL ---------------------------- ) ------------ X-RAY---------. (---DTA--) (TOT ANAL) 
--------------------- ----- SAN D / S IL T .. . . . . . . ... --. . . ..---- . . . . . . . . . . . . .. . . . . . ..- C-.--------------------------- K20 F-


SAMPLE HZN FA RE 

NO. NO. 7BIA 7BIA 7BIA 7BIA 7BIA 7h1A 7BIA 7BIA 7BA •7BIA 7BIA 7AI 7A21 7A27A2I 7A3 7A3 6Q3A 6C7A


" < ----------------------- PCT ------------------------------­ > <----RELATIVE AMOUNTS ---- > < .---- PCT ------ 7 > 
83P2303 1
 
83P2304 2 VFS GA78 OT10 GS 7 GC 5 NX 6 
 0.1 1.1
 
83P2305 3 
83P2306 4 NX6 0.1 0.4
 
83P2307 
 5
 

83P2308 6
 
83P2309 7
 
83P2310 8
 
83P2311 9
 

ANALYSES: S-ALL ON SIEVED < 2mm BASIS
 

MINERALOGY: FA - FRACTION ANALYZED RE - RESISTANT 

KIND OF MINERAL: GA - GLASS AGGREGATES GS = GLASS OT = OTHER NX NON-CRY.TALLINE GC = GLASS COATED GRAIN 

RELATIVE AMOUNT: 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL 1 TRACE 

MINERALOGY BASED ON SAND/SILT: 

MINERALOGY BASED ON CLAY: 

FAMILY PLACEMENT: 

COMMENTS:
 



Series: Chanleufu 131 6/83
 
Pedon No: S83EN-275--006
 
Taxonomy: Ashy over cindery, mesic Typic Haplorthod
 
Latitude: S40*46' Longitude: W 720751 
Location: Antillanca
 
Geamorphic Position: Hillside 
Slope and Aspect: 5% SW planar Elevation: 800 m M.S.L 
Microrelief: complex hummucky 
Air Temp. 11 C Summer: 16C Winter: 7C 
Precipitation: 250 an 
Water Table: > 10 m
 
Drainage: Moderately well drained Permeability: Moderately rapid
Stoniness: non stony 
Land Use: forest 
Erosion or Deposition: none
 
Parent Material: volcanic ash over cinders, depth to basalt and scoria 60-100 an 
Described by: T. Cook, W. Luzio, R. Honorato, G. Galindo, W. Vera, R. Grez,
Renarks: Date described: January 9, 1983. Field reaction by Universal Indicator 
strips, ph 4.0-7.0 (soil/water: 1/2.5); field moisture, 0-22 an moist, 22-74 an wet;
vegetation-Lenga and coique forest--Nothofaqus puilio, Nothofagus danbeyi,
Fuchsia s., huckleberry, ferns and mosses. 

0 2 - 0 an Dense carpet of moss and roots with no soil material 

Al 0 - 22 cm sandy loam; Dark reddish brown (5YR 3/2, rubbed); strong 
very fine to fine granular str'-icture; very friable, non-sticky and non-Olastic;
weakly smeary, very moist or wet; many very fine, fine, medium, and coarse roots; 
many very fine and fine interstitial pores; 2% fine (2-10 mam) cinders; pH= 5.3, 
strongly acid; clear wavy boundary. 

A2 22 - 46 an Dark brown (7.5YR 3/2) and very dark brown (10YR 2/2) sandy
loam; structureless; friable, non-sticky and slightly plastic; moderatly smeary, 
very moist or wet; common very fine to fine roots; canmon vL.y fine tubular, and 
comnmon very fine interstitial pores; 2% fine (2-10 ram) cinders; pH= 5.2, strongly
acid; abrupt smooth boundary. Jelly like material surrounding roots and in pores. 

2CI 46 - 58 cm Brown to dark brown (10YR 4/3) dark yellowish brown (10YR
4/6) and very dark grayish brown (10YR 3/2) coarse sand; structureless; very
friable, non-sticky and non-plastic; few very fine and fine roots; many very fine 
and fine interstitial pores; 2% fine (2-10) cinders; pH= 5.5, strongly acid; abrupt 
wavy boundary. Jelly like material surrounding roots and in proes. 

304 58 - 74 cm Very dark grayish brown (10YR 3/2) and dark brown (10YR 3
/3) sandy loam; ccnmon fine distinct and prominent yellowish brown (10YR 5/6) dark 
yellowish brown (10YR 4/4) yellowish red (5YR 4/6),and red (2.5YR 4/6) mottles;
structureless; friable, non-sticky and slightly plastic; weakly seary, very moist
 
or wet; few very fine and fine roots; ccnmon very fine and fine tubular, and many
 
very fine interstitial pores; pH= 5.5, strongly acid; abrupt wavy b-oundary. Jelly

like material surrounding roots and in pores. Material is mostly concentrated at 
64-74 cn. 

4C2 74 - 82 am Vesicular cinders 5-30 an in size; pH= 5.5, strongly acid. 
This horizon varies in thickness from 0 to 15 cm and is interrupted by bedrock at 
intervals of 0.5 to 2.5 meters. 

5R 82 - CM Vesciular basalt and scoriaceous rock. 
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CHANLEUFU
 
PAGE 1 OF 4 PAGES
 

ASHY OVER CINDEREY. MESIC TYPIC HAPLORTHODS
LAB CLASSIF: 


S 83FN-275 -006 DATE 09/25/84 	 SAMPLE NO. 83P2317-2322 U. S. DEPARTMENT OF AGRICULTURE
 
PEDON NO. 83P 491 SOIL CONSERVATION SERVICE


CItlLE-SMSS 
 PROJECT NO. 83P 84 	 NATIONAL SOIL SURVEY LABORATORY
 

LINCOLN, NEBRASKA 68508
GENERAL METHODS lBlA, 2A1, 2B 


-1-- -2-- -3-- -4-- -5-- -6-- -7-- -8-- -9-- --- -11- -12- -13-
 -14- -15- -16- -17- -18- -19- -20­

- -CLAY- -)(- -SILT- -)(
CLAY SILT FINE C03 FINE COARSE VF F H C VC - - - -WEIGHT- - - - WT 

SAMPLE IZN DEPTH HORIZON LT .002 LT LT .002 .02 .05 .10 .25 .5 1 2 5 20 .1- PCT 0 
NO. NO. (CM) .002 -.05 .0002 .002 -.02 -.05 -.10 -.25 -.50 -1 -2 -5 -20 

(- - -TOTAL - -)(-	 ------ SAND- ----- )(-COARSE FRACTIONS(MM)-)(>2MM 

-75 75 WIIOLE
 
<- PCT OF <2MM (3A1)---- -------- -- > <- PCT OF <75MM(3BI)-> SOIL 

*w* SEE FOOTNOTE REGARDING PSDA BELOW ***** 
832317 iS 0- 22 Al 1.2 23.5 75.3 12.2 11.3 9.5 12.4 24.3 22.7 6.4 2 3 -- 68 5 
832318 2S 22- 16 A2 0.6 19.1 80.3 8.2 10.9 9.9 10.6 20.1 31.5 7.6 1 .. .. 71 1 
832319 3S 46- 58 2C1 0.3 8.2 91.5 6.3 1.9 2.0 5.8 
 35.5 35.0 13.2 6 .. .. 90 6 
832320 4S 58- 74 3BW 0.7 14.0 85.3 7.8 6.2 12.0 19.6 33.1 16.9 3.7 1 TR -- ,' 
832321 5S 74- 82 4C2 
832322 6S 82- 82 5R 

0(4GN TOTAL EXIl! TOJAL (- 0TH-Ell - -)(RAlIO/CLAY)(ATTERBERG )(- BULK DENSITY -) COLE ( - - -WATER CONTENT - -) WRO 
C N P S EXTRACTABLE 15 - LIMITS - FIELD 1/3 OVEN WHOLE FIELD 1/10 1/3 15 WHOLE 

SAMPLE IIZN FE AL MN CEC BAR LL PI MOIST BAR DRY SOIL MOIST BAR BAR BAR SOIL ,
NO. NO. 6AIC 6B3A 6R3A 6C2B 6G7A 6D2A 8D1 8D1 4F1 hIF 4A3A 4A1D 4A1H 
 4D 4134 4B1C ItBiC 4B2A .,C1 t> 

<------- PCT OF <2MM -> PCT <O.4MM <- - G/CC - - -> CM/CM <- - -POT OF <2MM - -> CM/CM 

832317 1 9.29 0.259 1.2 0.7 14.58 17.08 0.37 0.53 0.126 134.3 20.5 U.4L
 
832318 2 14.49 0.163 C.9 1.0 17.83 22.50 0.62 0.714 0.061 911.5 13.5 0.50

832319 3 2.26 0.104 0.5 0.8 20.00 62.33 
 0.54 0.59 0.030 77.2 18.7 0.31 
832320 'i 3.17 1.1 0.8 9-i3 19.It3 0.76 0.88 0.050 71.7 13.6 0.44 
832321 5 
832322 6
 

* 	 PSDA SHOULD NOT BE USED FOR MAKING ENGINEERING INTERPERIAIIONS BECAUSE OF INCOIPLETE DISPERSION OF AMORPIIOUS MATERIAL. 
THEY ARE PRESENTED TO AID IN CLASSIFICATION AND ASSESSMENT OF MINERALOGY. REFER TO DESCRIPTION FOR FIELD TEXTURE. 
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CHANLEUFU S 83FN-275 -006 DATE 09/25/84 PEDON NO. 83P 491 NATIONAL SOIL SURVEY LABORATORY
 

-1-- -2-- -3-- -4-- -5-- -6-- -7-- -8-- -9-- -10- -11- -12- -13- -14- -15- -16- -17- -18- -19- -20­

(- NH4OAC EXTRACTABLE BASES -) ACID- EXTR (- - - -CEC - - -) AL -BASE SAT- C03 AS RES. COND. - - - -PH - - -)

CA MG NA K SUM ITY AL SUM N114- BASES SAT SUM NH4 CACO3 OHMS MMHOS NAF CACL2 H20
 

SAMPLE HZN 5B5A 5B5A 5B5A 5B5A BASES CATS OAC + AL OAC <2MM /CM /CM .O1M
 
NO. NO. 6W2E 602D 6P2B 6Q2B 6H5A 6G9A 5A3A 5ABB 5A3B 5G1 
 5C3 5C1 6E1G 8E1 81 SCID 8C1F 8C1F 

<------------ -- MEQ / 100 G ------- -> <- - PCT - - - -> 1:2 1:1
 

832317 1 0.7 0.4 -- 0.1 1.2 29.5 2.2 30.7 17.5 3.4 65 4 7 10.3 4.5 5.3 
832318 2 -- 0.2 -- TR 0.2 25.2 0.8 25.4 10.7 1.0 80 1 2 11.4 4.8 5.3 
832319 3 -- TR .. .. TR 16.1 0.2 16.1 6.0 0.2 100 TR 11.3 5.1 5.6 
832320 4 0.2 0.1 .. .. 0.3 19.3 0.1 19.6 6.6 0.4 25 2 5 11.0 ;.9 6.1
 
832321 5
 
832322 6
 

- - - SPODIC HORIZON CRITERIA 	 ----- -- MINERALOGY- - ------­
(-	 -NA PYROPHOSPHATE EXTRACTABLE- -) INDEX - ---- CLAY- ------- )

C FE AL FE+AL FE+AL AL+C OF - - - - X-RAY - --- -DTA - -) TOTAL DOM 
SAMPLE HZN (- -DIVIDED BY- -) ACCUM 	 ---- <2U - - - -) RES WEATH 

NO. NO. 6A4A 6C8A 6G10 DI-Ci PCT PCT 7A21 7A21 7A21 7A21 7A3 7A3 7BlA 7B1A 
<- PCT OF <2MM-> FE+AL CLAY CLAY <- RELATIVE AMOUNTS -> <- -- PCT - - - -> 

832317 1 0.9 0.7 0.8 1.3 662
 
832318 2 0.6 1.0 0.8 2.7 602 NX 6
 
832319 3 0.3 0.6 0.7 3.0 191
 
832320 4 0.2 0.6 0.4 1.1 308 NX 6
 
832321 5
 
832322 5
 

FAMILY CONTROL SECTION: DEPTH 25- 82 PCT CLAY 0 PCT .1-75MM 66. SPODIC HORIZON: INDEX OF ACCUMUL 1079
 
ANALYSES: S= ALL ON SIEVED <2MM BASIS
 
MINERALOGY: KIND OF MINERAL NX AMORPHOUS
 

RELATIVE AMOUNT 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL 1 TRACE
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NSSL
 

SUPPLEMENTAL 	 DATA SHEET
 

CHANLEUFU S83FN-275-006
 

EXT 15 P (- -ACID OXALATE- -) EXTR pH 
P BAR RETENT AL SI FE AL KCI 

SAMPLE HZN BRAY1 MOIST (KOH) 
NO. NO. 6S3 4B2b [I] [I] [I] [Il [2] 8C'g 

PPM <--------- PCT OF <2MM - ------- > 

832317 1 1 36.5 81 0.8 0.2 1.2 0.8
 
832318 2 1 30.9 90 1.2 0.3 1.1 1.2
 
832319 3 1 24.3 78 0.9 0.4 0.5
 
832320 4 TR 29.1 96 1.7 0.9 0.9
 

[1] 	Blakemore, L. C., P. L. Searle, and B. K. Daly. 1981. Soil Bureau
 
Laboratory Methods. A. Methods for Chemical Analysis of Soils. New
 
Zealand Soils 3ureau Scientific Report 10A. Dsiro, New Zealand.
 

[2] 	Holmgren, G. G. S. and J. M. Kimble. 1984. Field Estimation of
 
Amorphous Aluminum with 4N KOH. Soil Sci. Soc. Amer. J. (in
 
publication)
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-- - ­ - - - ­ - - - - - -- - ­ - - - - - - ­ - - - MINERALOGY -- -- ­ - - ­ - - - - - - - - ­ - - - - - ­ - - - - -

SAMPLE 
NO. 

HZN 
NO. 

---------------------------OPTICAL ----------------------------­
- -------------------------- SAND/SILT ---------------------------
FA RE 

7BIA 7B1A 7B)-. 7BlA 7BIA 7BIA 7BIA 7BlA 7BIA 
< ----------------------- PCT ------------------­

) 
) 

7BIA 7B1A 
-------- -­ > 

( ------------ X-RAY ---------
( -----------------------

7A21 7A21 7A21 7A2I 
<---RELATIVE AMOUNTS-­

) 
CLAY--­

7A2I 
-- > 

(---DTA--) (TOT 
----------------------

K20 
7A3 7A3 6Q3A 
< ----- PCT------

ANAL) 

FE 
6C7A 

--­ > 

83P2317 
83P2318 
83P2319 
83P2320 
83P2321 
83P2322 

1 
2 
3 
4 
5 
6 

VFS GA67 OT14 GS13 GC 6 NX 6 

NX 6 

0.1 

0.0 

2.2 

2.3 

ANALYSES: S-ALL ON SIEVED < 2am 3ASIS 

MINERALOGY: FA - FRACTION ANALYZED RE - RESISTANT 

KIND OF MINERAL: GA - GLASS AGGREGATES GS - GLASS OT - OTHER NX - NON-CRYSTALLINE GC GLASS COATED GRAIN 

RELATIVE AMOUNT: 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL 1 TRACE 

MINERALOGY BASED ON SAND/SILT:
 

MINERALOGY BASED ON CLAYz 

FAMILY PLACEMENT: 

COMMENTS:
 



6/83 Series: Puyehue 13 

Pedon No: S83FN-275-007
 
Taxoncmy: Medial, mesic Typic Dystrandept 
Latitude: S 400441301 Longitude: W 720791 
Location: Termas de Puyehue
 
Geamorphic Position: Hillside 
Slope and Aspect: 30% NE Elevation: 550 m M.S.L 
Air Tenp. 12.5 C Summer: 16.5C Winter: 7.5C
 
Precipitation: 260 ca Udic moisture regime. 
Water Table: > 10 m 
Drainage: Well drained Permeability: Moderately rapid 
Stoniness: non stony
 
Land Use: Forest 
Erosion or Deposition: none
 
Parent Material: volcanic ash 
Described by: T. Cook, W. Luzio, R. Honorato, G. Galindo, W. Vera, R. Grez,
 
Remarks: Date described: January 0, 1983. Field reaction by Universal Indicator 
strips, ph 4.0-7.0 (soil/water: 1/2.5); field moisture, 0-112 an moist, 1.12-200 an 
wet; vegetation-Nothofagus forest species understory of shrubs, ferns and mosses. 

0 5 - 0 cm Mat of fibrous roots, decomposed roots and some soil 
material; clear wavy boundary withmineral soil. 

A 0 - 32 an Black (5YR 2/1) loam; strong medium and coarse subangular 
blocky structure; friable, slightly sticky and slightly plastic; weakly smeary, very 
moist or wet; canon very fine and many medium and coarse roots; max y very fine fine 
interstitial and tubular pores; pH= 5.3, strongly acid; clear wavy boundary. 

Bwl 32 - 63 cm Dark reddish brown (5YR 3/3) silt loam; moderate medium 
and coarse subangular blocky structure; friable, sticky and plastic; weakly smeary, 
very moist or wet; cnnon very fine, fine, medium, and coarse roots; cmrmon very 
fine and fine interstitial and tubular pores; pH-= 5.3, strongly acid; clear wavy 
boundary. 

2Bw2 63 - 112 cm Dark reddish brown (5YR 3/2) silt loam; strong brown and 
dark brown (7.5YR 4/6, 4/4, rubbed); strong medium to coarse prisnatic structure 
parting to moderate medium to coarse subangular blocky; firm, slightly sticky and 
slightly plastic; moderately smeary, very moist or wet; few very fine and common 
fine to and medium roots; many very fine interstitial. and ccmmon very fine and fine 
tubular pores; few moderatley thick, many thin yellowish red (5YR 5/8) cutans 
coating aggregates,in pores, and as bri-Jges between aggregates; pH= 5.5, strongly 
acid; diffuse wavy boundary. Cutans of strongly smeary jelly-like material. 

2Bw3 112 - 162 ca Dark reddish brown (5YR 3/3) silt loam; strong brown and 
dark brown (7.5YR 4/6, 4/4, rubbed); moderate medium and coarse prismatic structure 
parting to moderate medium and coarse subangular blocky; firm, slightly sticky and 
slightly plastic; strongly smeary, very moist or wet; few very fine and common fine 
and medium roots; few fine and medium tubular pores; common very fine tubular and 
interrsital pores; few moderatley thick, many thin yellowish red (5YR 5/8) cutans 
coating aggregates,in pores, and as bridges between aggregates; pH= 5.4, strongly 
acid; gradual wavy boundary. Cutans of strongly smeary jelly-like material. 

3Bw4 162 - 200 cm Dark reddish brown (5YR 3/3) silt loam with caon fine 
distinct and prominent dark reddish brown (2.5YR 2/4), dark gray (5YR 4/1), black 
(5YR 2/1), very dark gray (5YR 3/1) and yellowish red (5YR 4/6) mottles; 
structureless; firm, slightly sticky and slightly plastic; strongly smeary, very 
moist or wet: few very fine, fine, and medium roots; common very fine interstitial 
and tubular, w d few fine and medium fine tubular pores; pH= 5.5, strongly acid. 
Cutans of strongly smeary jelly-like material. 
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LAB CLASSIF: MEDIAL, MESIC TYPIC DYSTRANDEPT
 

S 83FN-275 -007 DATE 
09/25/84 	 SAMPLE NO. 83P2293-2297 U. S. DEPARTMENT OF AGRICULTURE
 
PEDON NO. 83P 487 SOIL CONSERVATION SERVICE
CHILE-SMSS 
 PROJECT NO. 83P 84 
 NATIONAL SOIL SURVEY LABORATORY
 

GENERAL METHODS IBA, 2A1, 2B LINCOLN, NEBRASKA 68508
 

-1-- -2-- -3-- -4-------6-- ----- -8-- -9-- -10-
 -11- -12- -13- -1- -15- -16- -17- -18- -19- -20­

- - -TOTAL -	 - -)(- -CLAY- -)(- -SILT- -)(------
 SAND- ----- )(-COARSE FRACTIONS(MM)-)(>21m
CLAY SILT SAND FINE 
 C03 FINE COARSE VF F M C VC - - - - WEIGHT - - - - WTSAMPLE HZN DEPTH HORIZON LT .002 .05 LT LT .002 .02 .05 .10 .25 .5 1 2 5 20 .1- PCT 0
NO. NO. (CN) .002 -.05 -2 .0002 .002 -.02 
-.05 -. 10 -.25 -. 50 -1 -2 -5 -20 -75 75 WHOLE
 
PCT OF <2MM (3Al1) - ------------ > 
 <- PCT OF <75MM(3B1)-> SOIL
 

**** SEE FOOTNOTE REGARDING PSDA BELOW ****
 
832293 iS 0- 32 A 2.3 
 20.7 77.0 10.4 10.3 13.2 16.5 23.9 19.2 4.2 1 TR -- 64 1
832294 2S 	32- 63 
 BW1 --	 18.4 81.6 6.8 11.6 18.6 26.2 20.3 13.0 3.5 TR .. .. 63 TR
832295 3S 	 63-112 2BW2 0.8 23.6 75.6 9.4 14.2 32.3 34.6 6.5 1.9 0.2 TR 
 .. .. 43 TR
832296 4S 112-162 2BW3 0.8 17.9 81.3 
 10.0 7.9 19.4 34.8 20.4 5.7 1.0 2 1 -- 63 3832297 5S 162-200 3BW4 0.9 14.8 84.3 
 9.1 5.7 12.1 23.3 24.4 20.7 3.8 TR TR -- 72 TR 

ORGN 1OTAL EXTR TOTAL (- - DITH-CIT - -)(RATIO/CLAY)(ATTERBERG )(- BULK DENSITY -) COLE (- - -WATER CONTENT - -) WRD
C N P S EXTRACTABLE 15 - LIMITS - FIELD 1/3 OVEN WHOLE FIELD 1/10 1/3 15 WHOLE

SAMPLE HZN FE AL MN CEC BAR LL Pt MOIST BAR DRY SOIL MOIST BAR BAR BAR SOIL

NO. NO. 6A1C 6B3A 6R3A 6C2B 6G7A 6D2A 8D1 8D1 4F1 'IF 
 4A3A 4AlD 4A1H D1 4B14 4B1C 4B1C 4B2A 4Cl
 

<------- PCT OF <2MM -> PCT <0.4MM <- - G/CC - - -> CM/CM 
 <- - -PCT OF <2MM - -> CM/CM o
 

832293 1 10.1 0.700 
 1.5 1.6 12.91 11.96 	 0.58 0.64 0.033 75.6 27.5 0.28
832294 2 6.26 0.297 2.5 1.8 
 0.39 0.55 0.121 133.2 21.8 0.43
832295 3 5.40 	 3.1 1.8 25.75 24.25 
 0.44 0.75 0.194 142.6 19.4 0.54

832296 4 5.27 	 3.9 1.8 34.00 30.88 
 0.36 0.85 0.329 182.4 24.7 0.57
832297 5 3.68 	 3.6 1.3 24.56 23.56 
 0.37 0.88 0.334 193.9 21.2 0.64
 

PSDA IN ANDEPTS ShiOULD NOT BE USED FOR MNAKIlNC ENGINEER:NG INTERPERTATIONS BECAUSE OF INCOMPLETE DISPERSION OF AMORPHOUS
MATERIAL. THEY ARE PRESENTED TO AID IN CLASSIFICATION AND ASSESSMENT OF MINERALOGY. 
REFER TO PEDON DESCRIPTION FOR FIELD
 
TEXTURE.
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PUYEHUE S 83FN-275 -007 DATE 09/25/84 PEDON NO. 83P 487 NATIONAL SO!L SURVEY LABORATORY
 
-1-- -2-- -3-- -4-- -5-- -6-- -7-- -8-- -9-- -10- -11- -12- -13- -14- -15- -16- -17- -18- -19- -20­

-N1140AC EXTRACTABLE BASES -) ACID- EXTR (- - - -CEC - - - ) AL -BASE SAT- C03 AS RES. COND.( - - - -PH - - -) 

CA MG NA K SUM ITY AL SUm NH4- BASES SAT SUM NH4 CACO3 OHMS MMHOS NAF CACL2 H20 
SAMPLE HZN 5B5A 5B5A 5B5A 5B5A BASES CATS OAC + AL OAC <2MM - /CM /CM .01M 

NO. NO. 6N2E 602D 6P2B 6Q2B 6H5A 6G9A 5A3A 5A8B 5A3B 5G1 5C3 5C1 6E1G 8E1 81 8C1D 8C1F 8CIF 
<------------ -- MEQ / 100 G- --------- -- > <- -- PCT - - - -> 1:2 1:1 

832293 1 2.2 0.3 -- 0.1 2.6 47.3 1.2 49.9 29.7 3.8 32 5 9 11.0 4.7 5.4 
832294 2 0.9 0.1 .. .. 1.0 43.2 0.1 44.2 24.9 1.1 9 2 4 11.1 5.2 5.9 
832295 3 0.8 0.1 .. .. 0.9 40.7 0.1 41.6 20.6 1.0 10 2 4 11.0 5.3 6.0 
832296 4 1.0 0.2 .. .. 1.2 43.0 0.1 44.2 27.2 1.3 8 3 4 10.4 5.6 6.2 
832297 5 1.0 0.1 .. .. 1.1 36.2 0.1 37.3 22.1 1.2 8 3 5 10.0 5.8 6.2 

- - - SPODIC HORIZON CRITERIA ------- ) - MINERALOGY )--------
C- -NA PYROPHOSPHATE EXTRACTABLE- -) INDEX (- ---- CLAY -) 

C FE AL FE+AL FE+AL AL+C OF (- - - - X-RAY -- -- (- -DTA - -) TOTAL DOM
 
SAMPLE IIZN 
 (- -DIVIDED BY- -) ACCUM ---- <2U - - - -) RES WEATH
 

NO. NO. 6A4A 6C8A 6G10 DI-CI PCT PCT 7A21 7A21 7A21 7A21 7A3 7A3 7BIA 7B1A
 
<- PCT OF <2MM-> FE+AL CLAY ClAY <- RELATIVE AMOUNTS -> < --- PCT - - - -> 

832293 1 1.1 1.4 0.8 1.1 1560 NX 6
 
832294 2 0.9 1.1 0.5
 
832295 3 0.5 0.8 0.3 1.6 2019 
 NX 6
 
832296 4 0.2 0.8 0.2 1.3 2190
 
832297 5 0.2 0.7 0.2 1.0 11400 NX 6
 

FAMILY CONTROL SECTION: DEPTH 25-100 PCT CLAY 1 PCT .1-75MM 53. SPODIC HORIZON: INDEX OF ACCUMUL 951
 
ANALYSES: S= ALL ON SIEVED <2MM BASIS
 
MINERALOGY: KIND OF MINERAL NX AMORPHOUS
 

RELATIVE AMOUNT 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL 1 TRACE
 



-------------- ----------------------------------------- ------------------------

------------------------------------------------------------------------------

------------------------------------------------------------------------------
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N S S L
 

SUPPLEMENTAL 	 DATA SHEET
 

PUYEHUE 	 S83FN-275-007
 

EXT 15 P (- -ACID OXALATE- -) EXTR pH 
P BAR RETENT AL SI FE AL KC1 

SAMPLE HZN BRAY1 MOIST (KOH) 
NO. NO. 6S3 4B2b I] [I] [Il Ill [2] 8Clg 

PPM < --------- PCT OF <2MM-- ------- > 

832293 1 1 54.8 95 1.9 0.4 1.4 1.7
 
832294 2 1 65.1 98 4.0 1.6 2.5 2.9
 
832295 3 TR 105.2 98 4.1 1.8 2.5 3.2
 
832296 4 TR 134.2 98 6.1 2.9 3.1 4.2
 
832297 5 1 135.0 
 99 5.8 3.0 3.0 3.4
 

[11 	Blakemore, L. C., P. L. Searle, and B. K. Daly. 1981. Soil Bureau
 
Laboratory Methods. A. Methods for Chemical Analysis of Soils. New
 
Zealand Soils Bureau Scientific Report 10A. Dsiro, New Zealand.
 

[2] 	Holmgren, G. G. S. and J. M. Kimble. 1984. Field Estimation of
 
Amorphous Aluminum with 4N KOH. Soil Sci. Soc. Amer. J. (in
 
publication)
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-- --- ------------------------------------------------------------- EAY-------------------------------------------------------------­-- - - - - - - - - - - - -- - - - - - - - - - - - - M INERALOG Y ----------------------------- ---------------------- --- ) 
---------------------------OPTICAL ---------------------------- ------------ X-RA'--------- ) (---DTA--) (TOT ANAL) 

-------------------------- SAND/SILT --------------------------- ) ----------------------- CLAY-----------------------
SAMPLE HZN FA RE K20 FE 

NO. NO. 7BIA 7BIA 7B1A 7BIA 7B1A 7BlA 7BIA 7BIA 7BIA 7B!A 7BIA 7A2I 7A21 7A21 7A2I 7A2I 7A3 7A3 6Q3A 6C7A 
< -----------------------PCT ------------------------------ > <----REL\TIVE AMOINTS---- > < .---- PCT---------- > 

83P2293 1 NX 6 0.0 2.4
 
83P2294 2
 
83P2295 3 VFS GA63 GS21 OT15 GC 1 NX 6 0.1 2.1
 
83P2296 4
 
83P2297 5 NX 6 0.1 2.7
 

ANALYSES: S-ALL ON SIEVED < 2mm BASIS
 

MINERALOGY: FA - FRACTION ANALYZED RE - RESISTANT 

KIND OF MINERAL: NX - NON-CRYSTALLINE GA GLASS AGGREGATES - OT OTHER C= GS GLASS - GC ClASS COATED GRAIN
 

RELATIVE AMOUNT: 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 .SMALL 1 TRACE
 

MINERALOGY BASED ON SAND/SILT: t 

MINERALOGY BASED ON CLAY: 

FAMILY PLACEMENT: 

COMMENTS: 



Series: Puerto Fonck 143 6/83 
Pedon No: S83EN-275-008 
Taxonomy: Medial, mesic Typic Dystrandept 
Latitude: S40042'30" Longitude: W 730241 
Location, Nilque 
Geamorphic PosiLion: Terrace 
Slope and Asp-ct: 5% NW Elevation: 200 m M.S.L 
Microrelief: simple smcoth slope 
Air Temp. 12.5 C Sumer: 16.5C Winter: 7.5C
 
Precipitation: 200 cm Udic moisture regime. 
Water Table: > 10 m
 
Drainage: Well drained Permeability: Moderately rapid 
Stoniness: non stony 
Land Use: pasture and golf course 
Erosion or Deposition: none
 
Parent Material: volcanic ash 
Described by: T. Cook, W. Luzio, R. Honorato, G. Galindo, W. Vera, R. Grez,
Remarks: Date described: January 9, 1983. Field reaction by Universal Indicator 
strips, ph 4.0-7.0 (soil/water: 1/2.5); field moisture, 0-48 an slightly moist, 
48-210 an moist; vegetation-native pasture grass, before clearing a roble forest. 
Top 0-2 cm compacted by livestock; platy appearance. Golf course used for sheep 
pasture. 

Al 0 - 17 an Black (10YR 2/1, broken and rubbed) loam; strong medium and 
coarse granular structure; friable, slightly sticky and 3lightly plastic; weakly 
wneary, very moist or wet; cammon very fine and few fini roots; canon very fine 
interstitial and tubular pores; pH= 5.3, strongly acid; clear wavy boundary. 

A2 17 - 48 an Black (10YR 2/1) and very dark grayish brown (10YR 3/2)
silt loam; weak coarse aind very coarse subangular blccky structure; friable, 
slightly sticky and slightly plastic; weakly smeary, very moist or wet; few very

fine roots; ccmnon very fine tubular and many very fine interstitial pores; very
dark grayish brown (10YR 3/2) root channels; pH=- 5.3, strongly acid; gradual wavy 
boundary. 10% 4-6 cm insect nests.
 

AB 48 - 97 cn Black (10YR 2/1) silt loam; tructureless; friable, slightly
sticky and slightly plastic; smeary, very moist or wet; few very fine roots; common 
very fine interstitial and tubular and few fine and coarse tubular pores; 5% (4- 6 
cm) cylindrical insect nests; very dark grayish brown (10YR 3/2) root channels; pH=
5.4, strongly acid; diffuse wavy boumdary. 

Bw 97 - 130 cm Very dark grayish brown (10YR 3/2) and black (10YR 2/1)
silt loam; structureless; friable, slightly sticky and slightly plastic; mcderatly 
smeary, very moist or wet; few very fine roots; common very fine, fine and medium 
tubular, pores; 5% (4-6 cm ) cylindrical insect nests; pH-= 5.5, strongly acid; 
gradual wavy boundary. 

C1 130 - 157 cm Very dark grayish brown (10YR 3/2) and black (10YR 2/1) 
silt loam; structureless; firm, sticky and slightly plastic; moderatly smeary, very 
moist or wet; few very fine roots; common very fine, fine ana medium tubular, 
pores; pH-= 5.5, strongly acid; gradual wavy boundary. 

C2 157 - 210 cm Very dark grayish brown (10YR 3/2) and black (10YR 2/1) 
silt loam; structureless; firm, sticky and slightly plastic; moderatly smeary, very 
moist or wet; few very fine roots; cannon very fine, fine and medium tubular, pores; 
pH= 5.5, strongly acid. 
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LAB CLASSIF: MEDIAL, MESIC TYPIC DYSTRANDEPT
 

S 83FN-275 -008 DATE 09/25/84 SAMPLE NO. 83P2327-2332 U. S. DEPARTMENT OF AGRICULTURE
 
PEDON NO. 83P 493 SOIL CONSERVATION SERVICE
 

CHILE-SMSS PROJECT NO. 83P 84 NATIONAL SOIL SURVEY LABORATORY
 
LINCOLN, NEBRASKA 68508
 

GENERAL METHODS IBA, 2A1, 2B
 

-1-- -2-- -3-- -4-- -5-- -6-- -7-- -8-- -9-- -10- -11- -12- -13- -14- -15- -16- -17- -18- -19- -20-


C- - -TOTAL - - -)(- -CLAY- -)(- -SILT- -)( ------ SAND----- -- )(-COARSE FRACTIONS(mM)-)(>2M$ 
CLAY SILT SAND FINE C03 FINE COARSE VF F M C VC - - - - WEIGHT - - - - WT 

SAMPLE IZN DEPTH HORIZON LT .002 .05 LT LT .002 .02 .05 .10 .25 .5 1 2 5 20 .1- PCT 0 
NO. NO. (CM) .002 -.05 -2 .0002 .002 -.02 -.05 -. 10 -.25 -. 50 -1 -2 -5 -20 -75 75 WHOLE 

<------------- PCT OF <2MM (3A1)-------- --- -- > <- PCT OF <75MM(381)-> SOIL 

**** SEE FOOINOTE REGARDING PSDA BELOW ****. 

832327 1s 0- 17 Al 3.6 49.0 47.4 29.4 19.6 12.4 12.8 15.3 6.1 0.8 TR TR -- 35 TR 
832328 2S 17- 48 A2 4.6 48.1 47.3 29.9 18.2 10.6 9.5 19.9 6.6 0.7 TR TR -- 37 TR 
832329 3S 48- 97 AB 1.1 45.2 53.7 21.7 23.5 29.5 18.7 4.0 1.1 0.4 .. .. .. 24 -­
832330 4S 97-130 BW 0.14 38.2 61.4 19.5 18.7 26.5 23.1 8.7 2.6' 0.5 TR .. .. 35 -­
832331 5S 130-157 Cl 0.1 30.3 69.6 16.5 13.8 17.0 22.3 19.6 9.4 1.3 TR .. .. 53 -­
832332 6S 157-210 C2 0.4 27.6 72.0 14.9 12.7 18.1 27.2 18.9 6.8 1.0 TR .. .. 54 TR 

ORGN TOTAL EXTR TOTAL C- - DITII-CIT - -)(RATIO/CLAY)(ATTERBERG )(- BULK DENSITY -) COLE (- - -WATER CONTENT - -) WRD 
C N P S EXTRACTABLE 15 - LIMITS - FIELD 1/3 OVEN WHOLE FIELD 1/10 1/3 15 WHOLE 

SAMPLE HZN FE AL MN CEC BAR LL PI MOIST BAR DRY SOIL MOIST BAR BAR BAR SOIL 
NO. NO. 6AIC 6B3A 6R3A 6C2B 6G7A 6D2A 8D1 8Di 4F1 4F 4A3A 4AID 4A1H 4D1 4B4 4B1C 481C 432A .4C1 

<------- PCT OF <2MM -> PCT <0.4MM <- - G/CC - - -> CM/CM <- - -PCT OF <2MM - -> CM/CM 

832327 1 9.18 0.705 1.9 1.3 10.00 8.14 0.75 0.85 0.043 48.1 29.3 0.14
 
832328 2 5.42 0.312 2.4 1.1 5.43 4.50 0.71 0.77 0.027 60.2 20.7 0.28
 
832329 3 7.69 0.402 3.1 1.4 31.18 24.27 0.44 0.66 0.145 135.2 26.7 0.48
 
832330 4 7.08 3.9 1.7 84.75 84.00 0.38 0.67 0.208 163.0 33.6 0.49
 
832331 5 6.04 4.1 1.6 319.00299.00 0.43 0.72 0.187 154.3 29.9 0.54
 
832332 6 6.26 4.9 2.0 109.50 79.75 0.40 0.91 0.315 174.1 31.9 0.57
 

* 	 PSDA IN ANDEPTS SHOULD NOT BE USED FOR MAKING ENGINEERING INTERPERTATIONS BECAUSE OF INCOMPLETE DISPERSION OF AMORPHOUS 
MATERIAL. THEY ARE PRESENTED TO AID IN CLASSIFICATION AND ASSESSMENT OF MINERALOGY. REFER TO PEDON DESCRIPTION FOR 
TEXTURE. 

http:319.00299.00
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PUERTO FONCK S 83FN-275 -008 DATE 09/25/84 PEDON NO. 83P 493 NATIONAL SOIL SURVEY LABORATORY
 

-1-- -2-- -3-- -4-- -5-- -6-- -7-- -8-- -9-- -10- -11- -12- -13- -14- -15- -16- -17- -18- -19- -20­

(- NH4OAC EXTRACTABLE BASES -) ACID- EXTR (- - - -CEC - - -) AL -BASE SAT- C03 AS RES. COND.(- - - -PH - - -) 
CA MG HA K SUm ITY AL SUm NH4- BASES SAT SUm NH4 CAC03 OHMS MMHOS NAF CACL2 H20 

SAMPLE ItZN 5BSA 5B5A 5B5A 5B5A BASES CATS OAC + AL OAC <2MM /Cm /Cm .(1M 
NO. NO. 6N2E 602D 6P2s "-2B 6H5A 6G9A 5A3A 5A8B 5A3B 5G1 5C3 5C1 6F1G 8E1 81 BCID 8Clf 8-1F 

<------------ --- EQ /100 G ----------- > <- -- PCT - --- > 1:2 1:1 

832327 1 8.6 1.4 -- 0.2 10.2 43.8 0.3 54.0 36.0 10.5 3 19 28 10.9 5.0 5.4 
832328 2 6.9 0.5 -- 0.1 7.5 34.2 0.1 41.7 25.0 7.6 1 18 30 10.9 5.5 6.2 
832329 3 11.4 1.1 .. .. 12.5 47.5 0.1 60.0 34.3 12.6 1 21 36 11.0 5.5 6.3 
832330 4 7.6 1.2 -- 0.2 9.0 49.6 0.1 58.6 33.9 9.1 1 15 27 10.9 5.5 6.2 
832331 5 5.8 1.2 .. .. 7.0 45.1 -- 52.1 31.9 13 22 10.6 5.6 5.9 
832332 6 4.7 2.6 -- TR 7.3 46.4 0.1 53.7 43.8 7.4 1 14 17 10.5 5.6 6.0 

---- - -- PDI OIONCIEI-------------) -------------------- MINE-------------------LOGY-------------------------------­- -.-.- SPODIC HORIZON CRITERIA - - - INERALOGY ---- - )
 

C- -NA PYROPHOSPHATE EXTRACTABLE- -) INDEX ------- CLAY -) 
C FE AL FE+AL FE+AL AL+C OF - - - - X-RAY -- ---- -DTA - -} TOTAL DOM 

SAMPLE HZN (- -DIVIDED BY- -) ACCUM ---- <2U - - - - RES WEATH 
NO. NO. 6A4A 6C8A 6G10 DI-Cl PCT PCT 7A21 7A21 7A21 7A21 7A3 7A3 7B1A 7B1A 

<- PCT OF <2MM-> FE+AL CLAY CLAY <- RELATIVE AMOUNTS -> <- -- PCT - - - -> 

832327 1 0.6 1.1 0.5 0.5 887
 
832328 2 0.3 0.7 0.3 0.2 1221 NX 6
 
832329 3 0.4 0.8 0.3 1.1 2913
 
832330 4 0.3 0.8 0.2 2.8 1927 NX 6
 
832331 5 0.2 0.7 0.2 9.0 1405
 
832332 6 0.2 0.8 0.1 2.5 2835 NX 6
 

FAMILY CONTROL SECTION: DEPTH 25-100 PCT CLAY 2 PCT .1-75MM 29. SPODIC HORIZON: INDEX OF ACCUMUL 235
 
ANALYSES: S= ALL ON SIEVED <2MM BSS
 
MINERALOGY: KIND OF MINERAL NX .IHORPHOUS
 

RELATIVE AMOUNT 6 IKIETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL 1 TRACE
 



------------------------------------------------------------------------------
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N S S L
 

SUPPLEMENTAL 	 DATA SHEET
 

PUERTO FONICK S83FN-275-008
 

EXT 15 P (- -ACID OXALATE- -) EXTR pH 
P BAR RETENT AL SI FE AL KC1 

SAMPLE HZN BRAY1 MOIST (KOH) 
NO. NO. 6S3 4B2b [I] [I] [ ] 1] [2] 8Clg 

PPM < --------- PCT OF <2MM- - ------- > 

832327 1 1 37.6 95 2.4 1.0 1.5 2.2 
832328 2 TR 34.3 96 2.9 1.6 2.1 2.5 
832329 3 1 70.6 97 3.6 2.0 2.3 3.0 
832330 4 TR 95.4 99 5.0 3.0 2.8 3.4 
832331 5 TR 97.5 97 5.5 3.5 2.9 3.1 
832332 6 TR 92.9 99 7.1 3.6 2.9 3.1 

[1] 	Blakemore, L. C., P. L. Searle, and B. K. Daly. 1981. Soil Bureau
 
Laboratory Methods. A. Methods for Chemical Analysis of Soils. New
 
Zealand Soils Bureau Scientific Report 10A. Dsiro, New Zealand.
 

[2] 	Holmgren, G. G. S. and J. M. Kimble. 1984. Field Estimation of
 
Amorphous Aluminum with 4N KOH. Soil Sci. Soc. Amer. J. (in
 
publication)
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--- -- --- -- -- --- -- -- --- -- --- -- -- ---.7-- MINERALOGY -- -- -- -- -- -- - -- -- -- -- -- - -- -- -- -- -- ­
( -O OPTICAL .....- ---------- - X-RAY ---- --- ) (---DTA--) (TOT ANAL)PT---------------------- ­

- -------------------------- SAND/SILT--------------- ) ----------------------- CLAY-------------------------
SAMPLE HZN FA RE K20 FE 

NO. NO. 7BIA 7BIA 7BIA 7BlA 7B!A 7BIA 7BIA 7B1A 7BlA 7BIA 7BIA 7A2I 7A2I 7A21 7A21 7A21 7A3 7A3 6Q3A 6C7A 
< -----------------------PCT ------------------------------ > < ---- RELATIVE AMOUNTS ---- > < ----- PCT---------- > 

83P2327 1
 
83P2328 2 VFS GA69 GS17 0T12 GC 2 NX 6 0.0 4.0 
83P2329 3 
83P2330 4 NX 6 0.0 2.4 
83P2331 5
 
83P2332 6 NX 6 0.0 3.3
 

ANALYSES: S-ALL ON SIEVED < 2mm BASIS
 

MINERALOGY: FA - FRACTION ANALYZED RE - RESISTANT 

KIND OF MINERAL: GA - GLASS AGGREGATES GS - GLASS OT - OTHER NX - NON-CRYSTALLINE GC 1 GLASS COATED GRAIN 

RELATIVE AMOUNT: 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL I TRACE 
-4 

MINERALOGY BASED ON SAND/SILT: 

MINERALOGY BASED ON CLAY: 

FAMILY PLACEMENT: 

CONMCRTSa 
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Series: Frutillar 6/83
 
Pedon No: S83FN-275-009
 
Taxonomy: Medial, isomesic Histic Placaquept
 
Latitude: S41*08' Longitude: W 73*04'
 
Location: Frutillar
 
Geomorphic Position: Terrace
 
Slope and Aspect: 0% convex Elevation 140 m M.S.L
 
Microrelief: slightly hummucky
 
Air Temp. 12 C Summer: 13.9C Winter: 6.7C
 
Precipitati-n: 170 cm Aquic moisture regime.
 
Water Table: > 10 m, perched on top of pan during the wet season for 5 to 6
 
months
 
Drainage: Somewhat poorly drained Permeability: moderate
 
Stoniness: non stony
 
Land Use: pasture
 
Erosion or Deposition: none
 
Parent Material: volcanic ash over unrelated cemented gravelly glacial outwash at
 
64 cm
 
Described by: T. Ccok, W. Luzio, R. flonorato, G. Galindo, W. Vera, R. Grez,
 
Remarks: Date described: January 10, 1983. Field reaction by Universal Indicator
 
strips, ph 4.0-7.0 (soil/water: 1/2.5); field moisture, 0-17 cm dry, 17-97 cm
 
slightly moist; vegetation-native vegetation before clearing was a nadi forest.
 
Present vegetation is pasture grasses and forbes of: grasses-Poa, Dactylis
 
glomerata, Holcus lanatus, Anthoxanthum RF., Plantago lanceolate,
 
Lolium sp., Trifolium repens, and scattered roble (Nothofaus procera).
 
Pan at 64 cm impeds drainage.
 

A 0 - 17 cm Black (10YR 2/1) loam; strong medium and coarse granular
 
structure; friable, nonsticky and slightly plastic; many very fine roots; many very
 
fine and fine interstitial and few coarse tubular pores; 1% gravel; pH- 5.3,
 
strongly acid; abrupt smooth boundary.
 

E 17 - 24 cm Dark reddish brown (SYR 2/2) loam; weak very fine and fine
 
subangular blocky structure; very friable, nonsticky and slightly plastic; common
 
very fine roots; common very fine tubular pores; 1% gravel; pH- 5.4, strongly acid;
 
abrupt smooth boundary.
 

Bwl 24 - 38 cm Very dark brown (10YR 2/2) silt loam; many fine distinct
 
and prominent yellowish red (SYR 4/6) mottles; moderate fine and to medium
 
subangular blocky structure; friable, slightly sticky and slightly plastic; weakly
 
smeary, very moist or wet; common very fine roots; many very fine and a few tubular
 
pores; 1% gravel; pH= 5.5, strongly acid; clear wavy boundary.
 

Btl 38 - 57 cm Strong brown (7.SYR 4/6) silt loam; moderate medium
 
prismatic structure parting to weak medium and coarse subangular blocky; friable,
 
slightly sticky and slightly plastic; weakly smeary, very moist or wet;few very fine
 
roots; common very fine and fine and few coarse tubular; many thin continuous clay
 
skins in pores, few thick, and common moderatly thick dark red (2.5YR 3/6) clay
 
skins in pores; 3% gravel; pl1= 5.5, strongly acid; clear wavy boundary.
 

Bt2 57 - 64 cm Strong brown (7.5YR 5/6) silt loam; weak fine subangular
 
blocky structure; friable (some parts firm), slightly sticky and slightly plastic;
 
weakly smeary, very moist or wet; few very fine roots; few very fine tubular pores;
 
few thin patchy clay skins in pores and few moderatly thick dark red (2.5YR 3/6)
 
clay skins in pores; pH= 5.5, strongly acid; abrupt wavy boundary.
 

2Bsm 64 - 72 cm Black (N 2/0) and yellowish red (SYR S/8) duripan; 
extremely firm, strongly cemented with iron; a thin mat of roots occurs on top of 
the pan; pH= 5.5, strongly acid; clear wavy boundary; thin black (N i/0, 5YR 2/1) 
laminar cap 1-5 mm thick on top of this horizon. 

2Bmn 72 - 90 cm Dark brown (10YR 3/3) dominate colcr of the sand grains 
extremely firm, strongly cemented with silica; pH= 5.5, strongly acid; gradual wavy 
boundary. 

2C 90 - 97 cm Dark gray (10YR 4/1) and gray (10YR 5/1) gravely sand;
 
structureless; very firm.
 

Note: 90 to 97 cm was sampled in a freshly dug pit; the underlying gravelly and
 
cobbly substratum was described and sampled 8 m from the pit in a bank of a drainage
 
ditch. The depth was measurd from the top of the pan that was assumed to be the
 
same as the pit, i.e. 90 cm. The substratum to 255 cm is highly variable stratified
 
with lenses and strata of sand, gravelly sand, cobbly sand and :oarse sand. A
 
composit sample to represent the substratum was taken at a depth of 115 to 155 cm.
 
The color of the sand matrix is dark gray (10YR 4/1), gray (19YR 5/1), and light
 
gray (10YR 6/1) colors are mostly sand grains.
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LAB CLASSIF: MEDIAL, 
ISOMESIC HISTIC PLACAQUEPT
 

S 83FN-275 -009 DATE 09/25/84 	 SAMPLE 14O. 83P2351-2358 U. S. DEPARTMENT OF AGRICULTURE
 
PEDON N1. 83P 497 SOIL CONSERVATION SERVICE
 

CHILE-SMSS 	 PROJECT NO. 83P 84 
 NATIONAL SOIL SURVEY LABORATORY
 

LINCOLN, NEBRASKA 68508
GENERAL METHODS 1BlA, 2A1, 2B 


-1-- -2-- -3-- -4-- -5-- -6-- -7-- -8-- -9-- -10- -11- -12- -13- -14- -15- -16- -17- -18- -19- -20-


C- - -TOTAL - - -)(- -CLAY- -)(- -SILT- -)(------	 SAND------- )(-COARSE FRACTIONS(MM)-)(>2MM

CLAY SILT SAND FINE C03 FINE COARSE VF F M C VC - - - - WEIGHT - - - - WT
 

SAMPLE IIZN DEPTH HORIZON LT .002 .05 LT LT .002 .02 .05 .10 .25 .5 1 
 2 5 20 .1- PCT 0
 
NO. NO. (CM) .002 -.05 -2 .0002 .002 -.02 -.05 -. 10 -.25 -.50 -1 -2 -5 -20 -75 75 
WHOLE
 

<-------------- PCT OF <2MM (3A1)------- ---- -- > <- PCT OF <75MM(381)-> SOIL
 

***** SEE FOOTNOTE REGARDING PSDA BELOW ***** 
832351 iS 0- 17 A '1.0 44.3 51.7 26.9 17.4 10.9 10.2 10.7 13.6 6.3 1 TR -- 41 1
 
832352 2S 17- 24 E 1.4 39.7 58.9 26.1 13.6 18.1 21.6 12.7 4.6 1.9 1 TR -- 41 1

832353 3S 24- 38 BW1 1.0 
 20.8 78.2 12.8 8.0 13.9 22.0 22.6 15.0 4.7 4 TR -- 66 4 
832354 4S 38- 57 BT1 1.6 17.1 81.3 11.5 5.6 9.8 18.9 22.6 19.5 10.5 2 7 4 75 13

832355 5S 57- 64 BT2 1.6 17.6 80.8 12.9 4.7 8.9 18.3 24.1 20.7 8.8 4 15 17 82 36
 
832356 6S 64- 72 2BSM 3.4 11.3 85.3 8.5 2.8 4.4 16.3 34.9 20.9 8.8 7 4 4 84 15
 
832357 7S 72- 90 2BQM 2.0 3.1 94.9 1.8 1.3 1.7 7.9 35.0 38.0 12.3 
 10 12 6 95 28
 
832358 8S 90-255 2C 0.5 1.4 98.1 0.8 0.6 1.1 8.1 25.0 38.4 25.5 7 11 41V 
 99 60
 

ORGN TOTAL EXTR TOTAL (- - DITH-CIT - -)(RATIO/CLAY)(ATTERBERG )(- BULK DENSITY -) COLE (- - -WATER CONTENT - -) WRD U 
C N P S EXTRACTABLE 15 - LIMITS - FIELD 1/3 OVEN WHOLE FIELD 1/10 1/? 15 WHOLE

SAMPLE HZN FE AL MN CEC BAR LL PI MOIST BAR DRY SOIL MOIST BAR BAR BAR SOIL
 
NO. NO. 6.1C 6B3A 6R3A 6C2B 6G7A 6D2A 8D1 8D1 4F1 4F 4A3A 4A1D 4A1H 4D1 484 4B1C 4B1C 4B2A 4C1
 

<------- PCT OF <2MM -> PCT <0.4MM 
<- - G/CC - - -> CM/CM <- - -PCT OF <2MM - -> CM/CM
 

832351 1 17.5 1.168 0.7 1.1 -- 15.50 12.20 
 0.53 0.67 0.081 	 48.8
 
832352 2 8.77 0.476 1.7 1.2 
 -- 29.43 25.4a 	 0.54 0.68 0.080 92.1 35.6 0.30

832353 3 5.42 0.375 3.3 1.6 -- 35.70 32.30 0.57 1.14 0.256 98.9 32.3 0.38
 
832354 4 3.46 2.5 1.1 --
 17.94 21.69 	 0.59 0.98 0.176 101.9 34.7 0.38
 
832355 5 2.87 	 4.1 1.4 TR 12.69 20.19 
 32.3

832356 6 0.60 1.3 0.5 0.1 2.79 4.91 16.7
 
832357 7 0.15 O.. 
 0.1 -- 3.50 4.75 
 9.5
 
832358 8 TR 0.2 0.1 -- 9.80 10.00 
 5.0
 

* PSDA IN AQUEPTS WITH ANDIC PROPERTIES SHOULD NOT BE USED FOP MAKING ENGINEERING INTERPERTATIONS BECAUSE OF INCOMPLETE DISPERSION

OF AMORPHOUS MArERIAL. 
THEY ARE PRESENTED TO AID CLASSIFICATION AND ASSESSMENT OF MINERALOGY. REFER TO PEDON DESCRIPTION
 
FOR FIELD TEXTURE.
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FRUTILLAR S ,3FN-275 -009 DATE 09/25/84 PEDON NO. 83P 497 NATIONAL SOIL SURVLY LABORATORY
 

-1-- -2-- -3-- -4-- -5-- -6-- -7-- -8-- -9-- -10- -11- -12- -13- -14- -15- -16- -17- -Is- -19- -20­

(- NH4OAC EXTRACTABLE BASES -) ACID- EXTR - - - -CEC - - -) AL -BASE SAT- C03 AS RES. COND.(- - - -PH - - -)
CA MG NA K SUm ITY AL SUm NH4- BASES SAT SUm NH4 CAC03 OHMS MMHOS NAF CACL2 H20 

SAMPLE HZN 5B5A 5B5A 5B5A 515A BASES CATS OAC + AL OAC <2MM /Cm /Cm .O1m 
NO. NO. 6N2E 602D 6P2B 6Q2B 6H5A 6G9A 5A3A 5A8B 5A3B 5G1 5C3 5C1 6E1G 8E1 81 8C1D 8C1F 8CIF 

<----------- -- MEQ /100 G ----------- > <- -- PCT - --- > 1:2 1:1 

832351 1 8.3 2.6 TR 0.5 11.4 67.8 1.2 79.2 62.0 12.6 10 14 18 11.0 4.9 5.6 
832352 2 1.2 0.3 -- 0.1 1.6 62.1 0.3 63.7 41.2 1.9 16 3 4 11.3 5.2 5.7 
832353 3 0.2 0.1 -- 0.1 0.4 54.2 0.1 54.6 35.7 0.5 20 1 1 11.0 5.4 5.7 
832354 4 0.4 0.2 -- 0.1 0.7 37.9 0.1 38.6 28.7 0.8 12 2 2 10.6 5.7 5.8 
832355 5 0.9 0.2 -- 0.1 1.2 35.1 0.1 36.3 20.3 1.3 8 3 6 10.6 5.8 5.8 
832356 6 -- 0.1 -- TR 0.1 17.1 TR 17.2 9.5 1 1 10.5 5.9 5.9 
832357 7 0.2 TR 0.1 0.2 0.5 8.2 0.1 8.7 7.0 0.6 17 6 7 9.8 5.9 6.0 
832358 8 0.9 0.2 0.2 0.2 1.5 2.9 0.1 4.4 4.9 1.6 6 34 31 8.7 5.7 6.3 

---- -- SOI OIZNCIEI-------------) ------------------------ IN---------RALOGY----------------
-( - -SPODIC HORIZON CRITERIA -) -----------------------­- IiNERALOGY -)----


C- -NA PYROPHOSPHATE EXTRACTABLE- -) INDEX - ------ CLAY - -------
C FE AL FE+AL FE+AL AL+C OF (- - - - X-RAY -- ---- -DTA - -) TOTAL DOM 

SAMPLE HZN (- -DIVIDED BY- -) ACCUM - ---- <2U - - - -) RES WEATH 
NO. "AO. 6A4A 6C8A 6G10 DI-Cl PCT PCT 7A21 7A21 7A21 7A21 7A3 7A3 7B1A 7BlA 

<- PCT OF <2MM-> FE+AL CLAY CLAY <- RELATIVE AMOUNTS -> <--- FCT - - - -> 

832351 1 0.8 2.[1 1.8 0.8 1312
 
832352 2 0.4 1.4 0.6 1.3 441 NX 6 .
 
832353 3 0.4 1.1 0.3 1.5 757 U'
 
832354 i4 0.1 0.7 0.2 0.5 718 GE I NX 6
 
832355 5 0.1 0.6 0.1 0.4 248
 
832356 6 0.1 0.3 0.2 0.1 124 NX 6
 
832357 7 0.1 0.2 0.8 0.2 139
 
832358 8 0.1 0.1 0.7 0.4 685 NX 6
 

SPODIC HORIZON: INDEX OF ACCtIJMULATION 11473
 
ANALYSES: S= ALL ON SIEVED <2MM BASIS V= 75-20MM FROM VOLUME ESTIMATES
 
MINERALOGY: KIND OF MINERAL NX AMORPHOUS GE GOETHITE
 

RELATIVE AIOUNT 6 INDETERINlDATE 5 DOMINANT l ABIANT 3 MODERATE 2 SMALL I TRACE 
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NS 	SL
 

SUPPLEMENTAL 	 DATA SHEET
 

FRUTILLAR S83FN-275-009
 

EXT 15 P (- -ACID OXALATE- -) EXTR pH 
P BAR RETENT AL SI FE AL KC1 

SAMPLE HZN BRAY1 MOIST (KOH) 
NO. NO. 6S3 4B2b [1] (1] [1] [1] (2] 8Clg 

PPM <- -------- PCT OF <2MM -> 
------------------------------------------------------------------------------------------------	 U 

832351 1 3 67.5 97 3.1 0.7 0.8 2.3 4.5
 
832352 2 1 67.3 99 6.7 2.6 1.2 4.5 5.0
 
832353 3 1 73.7 99 6.8 2.8 1.4 4.1 5.2
 
832354 4 TR 68.1 97 6.8 3.2 1.1 2.9 5.5
 
832355 5 TR 55.2 99 6.2 2.9 1.4 2.9 5.6
 
832356 6 TR 24.7 99 3.6 2.0 1.0 2.0 5.7
 
832357 7 1 10.7 86 2.7 1.8 1.2 1.3 5.5
 
832358 8 20 6.0 47 1.0 0.8 0.8 0.3 5.0
 

[1] 	Blakemore, L. C., P. L. Searle, and B. K. Daly. 1981. Soil Bureau
 
Laboratory Methods. A. Methods for Chemical Analysis of Soils. New
 
Zealand Soils Bureau Scientific Report 10A. Dsiro, New Zealand.
 

(2] 	 Holmgren, G. G. S. and J. M. Kimble. 1984. Field Estimation of 
Amorphous Aluminum with 4N KOH. Soil Sci. Soc. Amer. J. (in 
publication) 
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(-- ------------------------------ E---------------- ---------------------------------------------------- )MINERALOGY ­
---------------------------OPTICAL ---------------------------- ------------ X-RAY--------- ) (---DTA--) (TOT ANAL) 
--------------------------SAND/SILT --------------------------- ) ----------------------- CLAY-------------------------

SAMPLE HEZN FA RE K20 FE 
NO. NO. 7BIA 7BlA 7BIA 7B1A 7BlA 7B1A 7B1A 7BlA 7BlA 7BIA 7BIA 7A21 7A2I 7A2I 7A2I 7A2I 7A3 7A3 6Q3A 6C7A 

< ----------------------- PCT ------------------------------ > < ---- RELATIVE AMOUNTS---- > <----- PCT---------- > 

83P2351 1
 
83P2352 2 VFS GA86 OT12 GS 2 GC<I NX 6 0.0 1.8
 
83P2353 3
 
83P2354 4 GE I NX 6 0.0 6.4 
83P2355 5
 
83P2356 6 NX 6 0.0 4.3
 
83P2357 7
 
83P2358 8 NX 6 0.1 1.5
 

ANALYSES: S-ALL ON SIEVED < 2m BASIS 

MINERALOGY: PA - FRACTION ANALYZED RE - RESISTANT 

KIND OF MINERAL: GA - GLASS AGGREGATES GS - GLASS OT - OTHER NX - NOt-CRYSTALLINE GC - GLASS COATED GRAIN 

GE - GOETHITE 

RELATIVE AMOUNT: 6 INDETERVINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL 1 TRACE 

MINERALOGY BASED ON SAND/SILT:
 

MINERALOGY BASED ON CLAYz
 

FAMILY PLACEMENT 

COMMENTS:
 



Series: Puerto Octay 155 6/83
 
Pedon No: S83FN-275-010
 
Taxonomy: Medial, isanesic Typic Dystrandept
 

"
Latitude: S 4115'40" Longitude: W73'00'30 
Location: Llanquihue
 
Geamorphic Position: Hillslope

Slope and Aspect: 3% SW planar Elevation: 130 m M.S.L
 
Microrelief: simple smooth slope
 
Air Temp. 11.5 C Sumner: 73.9C Winter: 6.7C
 
Precipitation: 165 an Udic moisture regime.
 
Water Table: > 10 m 
Drainage: Well drained Permeability: Moderately rapid
 
Stoniness: eon stony
 
Land Use: pasture
 
Erosion or Deposition: none
 
Parent Material: volcanic ash over hard andesite
 
Described by: T. Cook, W. Luzio, R. Honorato, G. Galindo, W. Vera, R.Grez
 
Renarks: Date described: January 12, 1983. Field reaction by Universal Indicator 
strips, ph 4.0-7.0 (soil/water: 1/2.5); field moisture, 0-15 an very slightly moist, 
15-85 cn slightly moist 85-104 an slightly moist; vegetation-native vegetation
before clearing was a roble forest. Depth to hard unweathered tuff varies from 95 
to 115 an in the same pit.
 

Ap 0 - 15 cm Dark reddish brown (5YR 2/2) silt loam, reddish gray (5YR
 
5/2) dry; strong very coarse granular structure; friable, slightly sticky and
 
slightly plastic; weakly sneary, very moist or wet; conmon very fine and few fine
 
roots; many very fine and medium interstitial and common very fine tubular pores; 1%
 
2-20 mm gravel; p1= 5.5, strongly acid; abrupt wavy boundary. 2-3s fine charcoal
 
fragments. 

Bwl 15 - 60 cm Dark reddish brown (5YR 3/3) loam; weak medium prismatic 
structure parting to weak medium and coarse subangular blocky; very friable, 
non-sticky and slightly plastic; few very fine roots; many very fine interstitial 
and common very fine and fine tubular pores; few medium cylindrical insect nests; 1% 
2-20 mm gravel; pH= 5.6, medium acid; diffuse wavy boundary. 2-3% fine charcoal 
fragments. 

Bw2 60 - 85 an Dark reddish brown (SYR 3/3) loam; weak coarse subangular 
blocky structure; very friable, non-sticky and slightly plastic, weakly sneary; few 
very fine roots; many very fine interstitial and common very fine and fine tubular
 
pores; few medium cylindrical insect nests; 1% 2-20 mm gravel; pH= 5.6, medium acid;
 
gradual wavy boundary. 2-3% fine charcoal fragements.
 

Bw3 85 - 104 an Dark reddish brown (5YR 3/3) loam; weak medium subangular 
blocky structure; very friable, non-sticky and slightly plastic; few very fine 
roots; many very fine interstitial, few very fine and fine tubular; rock fragments,
30% gravel and 5% cobble of mixed lithology and tuff fragments; pH= 5.7, medium 
acid; abrupt irregular boundary. Thickness of horizon varies from 7 to 30 an and 
might be discontinous. 

2R 104 - 120 cn Dark gray (5YR 4/1) tuff; does not slake in water.
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PULRtO OCTAY
 

LAB CLASSIF: MEDIAL, ISOMESIC TYPIC DYSTRANDEPT PAGE I OF 4 PAGES
 

S 83FN-275 -010 DATE 09/25/84 SAMPLE NO. 83P2391-2395 U. S. DEPARTMENT OF AGRICULTURE
 
PEDON NO. 83P 503 SOIL CONSERVATION SERVICE
 

CIIILE-SMSS 
 PROJECT NO. 83P 84 
 NATIONAL SOIL SURVEY LABORATORY
 

GENERAL METHODS 1B1A, 2A1, 2B 
 LINCOLN, NEBRASA 6V508 

-1----- -3-- -4-- -5-- -6-- -7-- -8-- -9-- -10- -11- -12- -13- -14- -15- -16- -17- -18- -19- -20-

SAMPLE HZN DEPTH HORIZO;i 

- - -TOTAL - - -)(- -CLAY- -)(- -SILT- -)(------
CLAY SILT SAND FINE C03 FINE COARSE VF 
LT .002 .05 LT LT .002 .02 .05 

F 
.10 

SAND-
M 

.25 

- - ---
C 
5. 

VC 
1 

)(-COARSE FRACTIONS(MM)-)(>2M 
- - - - WEIGHT - - - - WT 

2 5 20 .1- PCT 0 
NO. NO. (CM) .002 -. 05 -2 .0002 .002 -. 02 -. 05 -. 10 -. 25 -. 50 -1 -2 -5 -20 -75 75 WHOLE 

<------------- PCT OF <2MM (3A1) - ------------ > <- PCT OF <75MM(3B1)-> SOIL 

* SEE FOOTNOTE REGARDING PSDA BELOW ** 
832391 iS 0- 15 AP 6.5 64.5 29.0 41.6 22.9 9.0 6.2 3.9 4.6 5.3 1 1 -- 22 2 
832392 
832393 
832394 

2S 15- 60 
3S 60- 85 
14S 85-104 

BW1 
BW2 
BW3 

--
--
--

30.6 
20.4 
30.3 

69.4 
79.6 
69.7 

12.9 
7.0 
15.8 

17.7 
13.4 
14.5 

24.1 
23.4 
18.5 

28.1 
34.1 
24.5 

11.2 
14.9 
11.0 

4.3 
5.1 
8.5 

1.7 
2.1 
7.2 

2 
2 
2 

5 
13 
6 

--
--
65V 

49 
63 
87 

7 
15 
76 

832395 5S 104-120 2R 

ORG4 TOTAL EXTR TOTAL (- - DITH-CIT - -J(RATIO/CLAY)(ATTERBERG )(- BULK DENSITY -) COLE (- - -WATER CONTENT - -) WRD 
C N P S EXTRACTABLE 15 - LIMITS - FIELD 1/3 OVEN WHOLE FIELD 1/10 1/3 15 WHOLE
 

SAMPLE HZN 
 FE AL MN CEC BAR LL PI MOIST BAR DRY SOIL MOIST BAR BAR BAR SOIL 
NO. NO. 6A1C 6B3A 6R3A 6C2B 6G7A 6D2A 801 8D1 4F1 4F 4A3A 4AID 4A1H 4D1 4B4 4B1C 4BlC 4B2A 4C' 

<------- PCT OF <2MM -> PCT <0.4MM <- - G/CC - - -> CM/CM <- - -PCT OF <2MM - -> CM/CM 

832391 1 12.1 0.950 3.4 2.2 8.38 7.32 	 0.82 47.6
 
832392 2 5.75 0.425 5.0 2.2 0.41 0.65 0.164 103.4 35.3 0.28 
832393 3 4.61 	 5.3 2.3 0.38 0.94 0.337 125.8 34.8 0.34

832394 4 3.65 	 3.9 1.7 0.56 0.78 0.066 85.7 29.4 0.19 
832395 	 5
 

4----------------------------------------------------------------.1
. . . . . . . . . . . . .* PSDA IN ANDEPTS SHOULD NOT BE USED FOR MAKING ENGINEERING INTERPERTATIONS BECAUSE OF INCOMPLETE DISPERSION OF AMORPHOUS 
MATERIAL. THEY ARE PRESENTED TO AID IN CLASSIFICATION AND ASSESSMENT OF MINERALOGY. REFER TO PEDON DESCRIPTION FOR
 
FIELD TEXTURE.
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PUERTO OCTAY S B3FN-275 -010 DATE 09/25/84 PEDON NO. 83P 503 NATIONAL SOIL SURVEY LABORATORY
 

-1-- -2-- -3-- -4-- -5-- -6-- -7-- -8-- -9-- -10- -11- -12- -13- -14- -15- -16- -17- -18- -19- -20­

(- Nt14OAC EXTRACTABLE BASES -) ACID- EXTR (- - - -CEC - - -) AL -BASE SAT- C03 AS RES. COND.(- - - -PH - - -) 
CA MG NA K SUm ITY AL SUm NH4- BASES SAT SUm NH4 CACO3 OHMS MMHOS NAF CACL2 H20 

SAMPLE IIZN 5BSA 565A 5B5A 5B5A BASES CATS OAC + AL OAC <2MM /CM /CM .o1M 
NO. NO. 6N2E 602D 6P2B 6Q2B 6H5A 6G9A 5A3A 5ABB 5AIB 5G1 5C3 5C1 6E1G 8E1 81 8C1D 8CIF 8C1F 

< - MEQ / 100 G- --------- -- > <- -- PCT - - - -> 1:2 1:1 

832391 1 13.7 2.9 -- 0.4 17.0 46.2 0.2 63.2 54.5 17.2 1 27 31 10.7 5.2 5.6 
832392 2 4.0 0.9 -- 0.2 5.1 48.4 0.1 53.5 29.0 5.2 2 10 18 11.0 5.8 6.0 
832393 3 2.4 0.9 -- 0.1 3.4 44.9 0.1 48.3 26.5 3.5 3 7 13 10.8 6.0 6.1 
832394 4 1.7 0.7 -- 0.1 2.5 36.7 0.1 39.2 24.0 2.6 4 6 10 10.8 6.0 5.9 
832395 5 

-.-.- OIZNCIEI------------- ( INERALOGY---------------------------------------------­---- -- - SOISPODIC tH0RIZON CRITERIA - - ------------------------ - -MINERALOGY -)
 

(- -NA PYROPHOSPHATE EXTRACTABLE- -) INDEX (- ------ CLAY ) 
C FE AL FE+AL FE+AL AL+C OF - - - - X-RAY -- ---- -DTA - -) TOTAL DOM 

SAMPLE HZN (- -DIVIDED BY- -) ACCUM ----- <2U - - - -) RES WEATH 
NO. NO. 6A4A 6C8A 6G10 DI-CI PCT PCT 7A21 7A21 ?A21 7A21 7A3 7A3 7B1A 7B1A 

<- PCT OF <2MM-> FE+AL CLAY CLAY <- RELATIVE AMOUNTS -> <- -- PCT - - - -> 

832391 1 0.6 1.3 0.3 0.3 899 
832392 2 0.2 0.9 0.2 VR 1 NX 6 
832393 3 0.1 0.8 0.1 VR 1 NX 6 
832394 4 0.1 0.7 0.1 
832395 5
 --, 

FAMILY CONTROL SECTION: DEPTH 25-100 PCT CLAY 0 PCT .1-75MM 61. SPODIC HORIZON: INDEX OF ACCUMUL 0
 
ANALYSES: S= ALL ON SIEVED <2MM BASIS V= 75-20MM FROM VOLUME ESTIMATES
 
MINERALOGY: KIND OF MINERAL VR VERMICULITE NX AMORPHOUS
 

RELATIVE AOUNT 6 INDETERMIN.ATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL 1 TRACE 
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N S 	S L
 

SUPPLEMENTAL 	 DATA SHEET
 

PUERTO OCTAY S83FN-275-010
 

EXT 15 P (- -ACID OXALATE- -) EXTR pH
P BAR RETENT AL SI FE AL KC1 

SAMPLE HZN BRAY1 MOIST (KOH)
NO. NO. 6S3 4B2b [I] I] Ill Il] (2] 8Clg

PPM < - - - - - - - - -PCT OF <2MM- - - - - - - - - >
 
--------------- PPM----<----------------------PCO(M-------------------- c
 

832391 1 3 55.0 99 3.6 1.6 1.6 2.8
 
832392 2 80.8 3.0 1.3 0.9
TR 99 3.9 
832393 3 TR 84.6 99 5.8 3.2 2.4 4.0 
832394 4 TR 78.3 99 3.4 1.7 1.1 3.8
 

[1] 	Blakemore, L. C., P. L. Searle, and B. K. Daly. 1981. Soil Bureau
 
Laboratory Methods. A. Methods for Chemical Analysis of Soils. New
 
Zealand Soils Bureau Scientific Report 10A. Dsiro, New Zealand.
 

[2] 	Holmgren, G. G. S. and J. M. Kimble. 1984. Field Estimation of
 
Amorphous Aluminum with 4N KOH. Soil Sci. Soc. Amer. J. (in
 
publication)
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----------------------------------------------------MINERALOGY .............................................. ........
(------------------ OPTICAL.......- ) ( -X-RAY ---------) (---DTA--) (TOT ANAL)
-------- -------- ------- SAND/SILT --- -- --- -- -- --- -- -- ) ( ----------------------- CLAY ---- ---- --- ---- ---

SAMPLE HZN FA RE K20 E
N4O. NO. 7BIA 7B1A 7B1A 7B1A 7B1A 7BIA 7BlA 7BlA 7B1A 7BlA 7BIA 7A2I 7A2I 7A2I 7A21 7A2I 7A3 7A3 6B3A 6C7A< ------------------------ PCT------------------------------- > < ---- RELATIVE AMOUNTS---- > <----- PCT ---------- > 

83P2391 1 
83P2392 2 VFS OT96 GS 3 GA 1 GC<1 VR 1 
NX 6 0.0 3.4
 
83P2393 3 
 VR 1 NX 6 0.4 4.3
 
83P2394 4
 
83P2395 5
 

ANALYSES: S=ALL ON SIEVED < 2mm BASIS 

MINERALOGY: FA - FRACTION ANALYZED RE - RESISTANT 

KIND OF MINERAL: GA - GLASS AGGREGATES GS - GLASS VR - VERMICULITE OT - OTHER NX = NON-CRYSTALLINE 

GC - GLASS COATED GRAIN 

RELATIVE AMOUNT: 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL 1 TRACE to 

MINERALOGY BASED ON SAND/SILT:
 

MINERALOGY BASED ON CLAY:
 

FAMILY PLACEMENT:
 

CO4MENTS: 



6/83 Series: Puerto Montt 161 
Pedon No: S83FN-275-011 
Taxonomy: Medial., isanesic Typic Durandept 
Latitude: S41*29' Longitude: W 730071 
Location: Puerto Montt 
Geanorphic Position: High terrace 
Slope and Aspect: 5% Nq Elevation: 100 m M.S.L 
Microrelief: smooth simple slope 
Air Tenp. 12 C Sumner: 14.5C Winter: 7.7C
 
Precipitation: 175 an Udic moisture regime. 
Water Table: > 10 m
 
Drainage: Well drained Permeability: Moderately rapid
Stoniness: non stony 
Land Use: pasture
 
Erosion or Deposition: none 
Parent Material: volcanic ash 
Described by: T. Cook, W. Luzio, R. Honorato, G. Galindo, W. Vera, R. Grez,

Remarks: Date described: January II, 1983. Field reaction by Universal Indicator 
strips,pH 4.0-7.0 (soil/water: 1/2.5); field moisture, 0-16 an dry, 16-92 am 
slightly moist; vegetation-native vegetation befor clearing was a Roble forest. 
Present vegetation is pasture grasses and forbes of: grasses-Poa, Dactylis
glomerata, Holcus lanatus, Anthoxanthum s., Plantago lanceolata, 
Lolium sp., Trifoliun repens, and scattered roble (Nothofaqus procera). 

A 0 - 16 cm Very dark brown (10YR 2/2) loam; strong medium and coarse 
granular structure; friable, non--sticky; non-plastic; many very fine roots; many
fine interstitial pores; p-H= 5.2, strongly acid; clear wavy boundary. 

B/A 16 - 30 cm Dark brown (7.5YR 3/41 and very dark brown (10YR 2/2)
loam; weak medium and coarse prismatic structure parting to weak medium and coarse 
subangular blocky; very friable, non-sticky and non-plastic; common very fine roots; 
many very fine interstitial and common very fine, fine, and medium tubular pores;
few thin, moderatley thick, and thick cutans (clay films) in pores; pH= 5.5, 
strongly acid; gradual wavy boundary.
 

BtJl 30 - 70 an Dark brown (7.5YR 3/4) and strong brown (7.5YR 4/6) silt 
loam; moderate coarse prismatic structure parting to moderate coarse subangular
blocky; friable, slightly sticky and slightly plastic; few very fine roots; many 
very fine interstitial and comn fine and medium tubular pores; many moderatly
thiock, and carnmon thick cutanc (clay films) on peds and in pores; pH= 5.5 
strongly acid; clear wavy boundary. 

Bt2 70 - 92 an Strong brown (7.5YR 4/6) loam; weak coarse subangular 
blocky structure; friable, non-sticky; non-plastic; weakly smeary, very moist or 
wet; few very fine roots; common very fine interstitial and common fine and medium 
tubular pores; conmon thin cutans (clay film) in pores; pH= 5.5, strongly acid;
abrupt wavy boundary. Gravel and cobble imbedded in first cemented C horizon and 
extend upwards into this horizon 

2Bqs 92 - 102 cn Brown (7.5YR 5/2) strong brown (7.5YR 4/6) and pinkish 
white (7.5YR 8/2); strongly cenented with iron and silica; pH= 5.5, strongly acid; 
clear wavy boundary. 

2Bs 102 - 118 an Dark greenish gray (5GY 4/1); strongly cemented with 
silica; pH= 5.7, medium acid. 
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PUERTO MONTT
 

LAB CLASSIF: MEDIAL, ISOMESIC TYPIC DURANDEPT 	 PAGE 1 OF 4 PAGES
 

S 83FN-275 -OHi DATE 09/25/84 	 SAMPLE NO. 83P2367-2372 U. S. DEPARTMENT OF AGRICULTURE
 
PEbON NO. 83P 499 SOIL CONSERVATION SERVICE
 

CHILE-SMSS 
 PROJECT NO. 83P 84 	 NATIONAL SOIL SURVEY LABORATORY
 
LINCOLN, NEBRASKA 68508
 

GENERAL NETHODS 1BlA, 2A1, 2B
 

-1----------- - ----	 -9-- -11- -13- -15-
----------------- -10- -12- -14-
 -16- -17- -18- -19- -20­

- - -TOTAL - - -)(- -CLAY- -)(- -SILT- -)(------ SAND- ----- )(-COARSE FRACTIONS(MM)-)(>2M
CLAY SILT SAND FINE C03 FINE COARSE VF F M C VC - - - - WEIGHT - - - - WT

SAMPLE IIZN DEPTH HORIZON LT .002 .35 LT 	 LT .002 .02 .05 .10 .25 .5 1 2 5 20 .1-
 PCT 0
 
NO. NO. (CM) .002 -.05 -2 .0002 .002 -.02 -.05 -. 10 -.25 -.50 -1 -2 -5 -20 
 -75 75 WHOLE
 

<------------- PCT OF <2MM (3A1) - ------------ > <- PCT OF <75MM(381)-> SOIL
 

***** SEE FOOTNOTE REGARDING PSDA BELOW ***** 
832367 iS 0- 16 A 5.4 63.2 31.4 36.7 26.5 "13.3 7.5 3.7 6.6 0.3 1 TR -- 19 1 
832368 2S 16- 30 B/A 1.6 27.1 71.3 11.0 16.1. 19.3 27.2 16.3 7.6 0.9 1 TR -- 52 1 
832369 3S 30- 70 BT1 0.2 21.7 78.1 8.4 13.3 17.9 29.7 19.0 10.3 1.2 TR 2 -- 61 2 
832310 'AS 70- 92 B12 -- 19.9 80.1 6.4 13.5 17.2 34.8 19.8 7.5 0.8 1 TR -- 63 1 
832371 5S 92-102 2BQS 3.1 30.0 66.9 16.0 14.0 13.1 18.0 15.5 13.2 7.1 9 9 8 66 26
 
832372 6S 102-118 2BS 3.6 30.6 65.8 18.3 12.3 10.1 14.9 12.9 13.3 14.6 
 5 15 6 67 26
 

ORGH TOTAL EXTR TOTAL (- - OITlH-CIT - -)(RATIO/CLAY)(ATTERBERG )(- BULK DENSITY -) COLE (- - -WATER CONTENT - -) WRD 
C N P S EXTRACTABLr 15 - LIMITS - FIELD 1/3 OVEN WHOLE FIELD 1/10 1/3 15 WHOLE

SAMPLE HZN FE AL MN CEC BAR LL PI MOIST BAR DRY SOIL MOIST BAR BAR BAR SOIL ,a
NO. NO. 6AIC 6B3A 6R3A 6C2B 6G7A 6D2?. 8D1 BD1 4F1 I;F 4A3A 4AID 4A1H 401 4B4 :11C 4B1C 4B2A 4C1 

<--------- PCT OF <2MM -> PCT <0.4MM <- - G/CC - - -> CM/CM <- - -,CT OF <2-M - -> CM/CM 

832367 1 15.8 1.172 3.8 3.6 10.17 7.96 0.59 0.74 0.078 71.9 43.0 0.17
 
832368 2 10.4 0.962 4.7 3.7 25.69 22.38 0.41 0.65 0.166 130.2 35.8 0.39
 
832369 3 5.93 0.441 4.9 2.7 157.50155.00 0.37 i.f5 0.413 163.9 31.0 0.49
 
832370 4 4.59 
 4.5 2.4 	 0.44 1.06 0.340 131.7 29.7 0.45
 
832371 5 0.41 	 0.9 
 0.4 2.00 3.81 	 1.48 1.51 0.u15 23.4 11.8 0.14
 
832372 6 0.13 	 0.4 0.1 1.42 2.06 
 1.62 1.65 0.005 16.7 7.4 0.13
 

* PSDA IN ANDEPTS SHOULD NOT BE USED FOR MAKING ENGINEERING INTERPERTATIONS BECAUSE OF INCOMPLETE DISPERSION OF AMORPHOUS
 
MATERIAL. THEY ARE PRESENTED TO AID IN CLASSIFICATION AND ASSESSMENT OF MINERALOGY. REFER TO PEDON DESCRIPTION FOR FIELD
 
TEXTURE.
 

http:157.50155.00
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PUERTO MONTT S 83FN-275 -011 DATE 09/25/84 PEDON NO. 83P 499 NATI4hA.L SOiL SURVEY LABORATORY 

---- 2-- ---- t-- --- ------ - --- 0-- -1--1 ­

(- Nt4OAC EXTRACTABLE BASES -) ACID- EXTR (- - - -CEC - - -) AL -BASE SAT- C03 AS F(ES. COND.(- - - -PH - - -)
CA MG NA K SUM ITY AL SUm NH4- BASES SAT SUM N114 CAC03 OHMS MMHOS NAF CACL2 H20 

SAMPLE HZN 5B5A 5B5A 5i35A 5B5A BASES CATS OAC + AL OAC <2MM /Cm /CM .01M 
NO. NO. 6N2E 602D 6P2B 6Q2B 61I5A 6G9A 5A3A 5A8B 5A3B 5G1 5C3 5C1 6EIG 8E1 81 8C1D 8C1F 8C1F 

<------------ -- MEQ / 100 G ----------- > <- -- PCI - --- > 1:2 1:1 

832367 1 5.4 0.6 -- 0.3 6.3 67.5 1.7 73.8 54.9 8.0 21 9 11 11.3 4.8 5.0 
832368 2 I.U 0.2 -- 0.2 1.4 59.7 0.7 61.1 41.1 2.1 33 2 3 11.4 5.0 5.4 
832369 3 0.5 0.1 -- 0.1 0.7 49.2 0.1 49.9 31.5 0.8 12 1 2 11.0 5.6 5.7 
832370 4 0.7 0.2 -- 0.1 1.0 44.1 0.1 '45.1 24.1 1.1 9 2 4 10.9 5.8 5.9 
832371 5 0.3 TR -- 0.1 0.14 10.7 0.1 11.1 6.2 0.5 20 4 6 10.3 6.0 6.1 
832372 6 0.6 0.1 -- 0.1 0.8 5.0 0.1 5.8 5.1 0.9 11 14 16 9.8 6.2 6.2 

- - - SPODIC IIORIZON CRITERIA ------- ) - MINERALOGY-------- -­
(- -NA PYROPHOSPHATE EXTRACTABLE- -) INDEX (- ---- CLAY )

C FE AL FE+AL FE+AL AL+C OF (- - - - X-RAY -- -- -- -DTA - -) TOTAL DON
SAMPLE HZN (- -DIVIDED BY- -) ACCUM - ---- <2U -- -- -- -<2U - -3 RES WEATH 

NO. NO. 6A4A 6C8A 6010 DI-Cl PCT PCT 7A21 7A21 7A21 7A21 7A3 7A3 7B1A 7B1A 
<- PCT OF <2MM-> FE+AL CLAY CLAY <- RELATIVE AMOUNTS -> <--- PCT - - - -> 

832367 1 ..6 2.3 0.5 0.7 1138
 
832368 2 1.5 1.8 0.4 2.1 844 NX 6 
832369 3 0.3 1.0 0.2 6.5 1992 NX 6 GI 
832370 4 0.1 0.8 0.1 VR 1 GI 1 NX 6 GI 1 
832371 5 0.1 0.3 0.3 0.1 96832372 6 0.1 0.2 0.6 0.1 64 VR 1 FD 1 NX 6
 

FAMILY CONTROL SECTION: DEPTH 25- 97 
 PCT CLAY 0 PCT .1-75MM 61. SPODIC HORIZON: INDEX OF ACCUMUL 249
 
ANALYSES: S= ALL ON SIEVED <2MM BASIS
 
MINERALOGY: KIND OF MINERAL NX AMORPHOUS GI GIBBSITE VR VERMICULITE ED FELDSPAR
 

RELATIVE AMOUNT 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL 1 TRACE
 



------------------------------------------------------------------------------
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NSSL
 

SUPPLEMENTAL 	 DATA SHEET
 

PUERTO MONTT S83FN-275-011
 

EXT 15 P (- -ACID OXALATE- -) EXTR pH 
P BAR RETENT AL SI FE AL KC1 

SAMPLE HZN BRAY1 MOIST (KOH) 
NO. NO. 6S3 4B2b El] Il] [1] (1] [2] 8Clg

PPM < - - - -- - - - -PCT OF <2MM - - - - - --- > 
--------------- PPM---------------------------PCO<M-------------------­

832367 1 4 55.1 98 4.0 1.1 2.0 3.4 4.5 
832368 2 TR 107.7 99 5.6 1.9 3.2 4.0 4.9 
832369 3 TR 128.2 99 3.8 1.3 1.2 4.4 5.4 
832370 4 TR 104.2 99 5.0 2.1 1.0 4.2 5.6 
832371 5 1 14.1 98 2.1 1.2 0.4 1.9 5.5 
832372 6 5 9.2 67 1.0 0.1 0.5 0.9 5.3 

[I] 	Blakemore, L. C., P. L. Searle, and B. K. Daly. 1981. Soil Bureau
 
Laboratory Methods. A. Methods for Chemical Analysis of Soils. New
 
Zealand Soils Bureau Scientific Report !0A. Dsiro, New Zealand.
 

[2] 	Holmgren, G. G. S. and J. M. Kimble. 1984. Field Estimation of
 
Amorphous Aluminum with 4N KOH. Soil Sci. Soc. Aner. J. (in
 
publication)
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(-- -------------------- N------------------R------- L............... ).
MINERALOGY 

---------------------------OPTICAL ---------------------------- ------------ X-RAY--------- ) (---DTA--) (TOT ANAL) 
-------------------------- SAND/SILT --------------------------- ----------------------- CLAY-------------------------

SAMPLE HZN FA RE K20 FE 
NO. NO. 7B1A 7B1A 7BlA 7B1A 7BlA 7BIA 7BIA 7BlA 7B1A 7BlA 7BIA 7A2I 7A2I 7A21 7A2I 7A2I 7A3 7A3 603A 6C7A 

< ----------------------- PCT ------------------------------> < ---- RELATIVE AMOUNTS---- > < ----- PCT---------- > 

83P2367 1
 
83P2368 2 
 NX 6 0.2 3.4

83P2369 3 VFS OT97 GS 2 GC 2 GA<1 NX 6 
 GI<l 0.3 4.3
 
83P2370 4 VR 1 GI 1 NX 6 GI 1 0.3 5.0
 
83P2371 5
 
83P2372 6 
 VR1 FD 1 NX 6 0.3 1.9
 

ANALYSES: S-ALL ON SIEVED < 2mm BASIS
 

MINERALOGY: FA = FRACTION ANALYZED RE - RESISTANT 

KIND OF MINERAL: NX - NON-CRYSTALLINE GI - GIBBSITE GA - GLASS AGGREGATES GS - GLASS OT = OTHER 

GC - GLASS COATED GRAIN VR - VERMICULITE FD -FELDSPAR 0%
 
0' 

RELATIVE AMOUNT: 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL I TRACE
 

MINERALOGY BASED ON SAND/SILT:
 

MINERALOGY BASED ON CLAY:
 

FAMILY PLACEMENT: 

COKNENTS:
 



Series: Alerce 1.67 6/83

Pedon No: S83FN-275-012 
Taxonomy: Medial, isamesic Histic Placaquept 
Latitude: S41*23'30l Longitude: W 72*54 ' 

Location: Alerce 
Geanorphic Position: low terrace 
Slope and Aspect: 1% planar Elevation: 120 m M.S.L 
Mic-orelief: strongly hummucky 
Air Temp. 11.8 C Summer: 14.5C Winter: 7.7C 
Precipitation: 185 an Aquic moisture regime.
Water Table: > 10 m, perched on top of pan during the wet season for 5 to 6 months 
Drainage: Poorly drained Permeability: Moderately slow 
Stoniness: non stony
Land Use: pasture 
Erosion or Deposition: none 
Parent Material: volcanic ash over unrealated cemented gravelly glacial outwash at 
55 an 
Described by: T. Ccok, W. Luzio, R. Honorato, G. Galindo, W. Vera, R. Grez,
Remarks: Date described: January 11, 1983. Field reaction by Universal Indicator 
strips,pH 4.0-7.0 (soil/water: 1/2.5); field moisture, 0-5 an slightly moist, 5-55 
cm moist; vegetation-before clearing a native Alerce forest and dense undergrowth.
Now pasture grasses and forbes and some Bacchanis sp. 

0 2 - 0 cm Sphagnum moss, grass and pieces of roots, wood and leaves. 

Al 0 - 5 cm Black (FvR 2/1, rubbed) loam; strong very fine granular
structure; friable, non-sticky; non-p.1istic; many very fine, fine and medium roots; 
many very fine interstitial pores; this horizon is composed of mostly a dense mat of 
roots with sane soil material; pH= 4.8, very strongly acid; clear snooth boundary. 

A2 5 - 18 an Dark reddish brown (5YR 2/2) loam; moderate very fine and 
fine subangular blocky structure; friable, non-sticky and slightly plastic; common 
very fine and few coarse roots; common ve.y fine and fine interstitial and few very
fine and fine tubular pores; many pores are coated red (2.5YR 4/8); pH= 5.1,
strongly acid; clear wavy boundary. 

Bwl 18 - 32 an Brown to dark brown (7.5YR 4/4) and yellowish red (5YR 5/8)
silty clay loam; weak medium and coarse angular blocky structure; friable, sticky
and slightly plastic; moderatly smeary, very moist or wet; camon very fine roots; 
many very fine and common and medium tubular, pores; common thin and moderatley
thick clay films in pores and on peds, some pores are plugged with cutans; pH-= 5.0,
strongly acid; clear wavy boundary. Root channels filled with dark reddish brown 
(5YR 3/2) soil material from 0-18 an horizon. 

Bw2 32 - 55 an Yellowish brown (10YR 5/4) and strong brown (7.5YR 5/6)
silty clay loam; weak coarse prismatic structure; firm, sticky; slightly plastic;
moderatly smeary, very moist or wet; few very fine roots; many very fine and common
fine tubular; many thin and moderatly thick clay films on peds and in pores and few
thick clay films inpores, sane pores are plugged with cutans; rock fragments, 25% 
gravel, 2%cobble mixed lithology fragenents mostly concentrated from 43 to 55 an;
ph= 5.6, medium acid; abrupt wavy boundary (in places abrupt irregular). 

2Bqs 55 - 65 an Dark brown (10YR 3/3) iron and silica strongly cemented
duripan; in fractures the color is strong brown (7.5YR 5/6, brown (7.5YR 4/4) dark 
reddish brown (5YR 3/3), reddish brown (5YR 4/4), and yellowish red (5YR 4/6), these
colors occupy 30-40% of the horizon; few thin and moderatly thick clay skins coating
rock fragments; pH= 5.7, medium acid; clear wavy boundary (in some places abrupt
irrigular). 

2Bq 65 - 86 am Very dark grayish brown (10YR 3/2 and 2.5YR 3/2); strongly
silica cemented sand and gravel; p= 5.7, medium acid. 
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ALERCE
 

PAGE I OF 4 PAGES
LAB CLASSIF: MEDIAL, ISOMESIC HISTIC PLACAQUEPT 


S 83FN-275 -012 
 DATE 09/25/84 	 SAMPLE NO. 83P2379-2384 U. S. DEPARTMENT OF AGRICULTURE
 
PEDON NO. 83P 501 SOIL COt;SERVATION SERVICE
CHILE-SMSS 
 PROJECT NO. 83P 84 
 NATIONAL SO!L SURVEY LABORATORY
 

LINCOLN, NEBRASKA 65508GENERAL METHODS 1BA. 2A1, 2B 

-1----- ------------- -6-- -8-- -9-- -10- -11- -12- -13- -14- -15- ---- -18- -19- -20­-16- -17-


SME(- - -TOTAL - --- (- -CLAY- -)(- -SILT- -)(_--- ----- SAND-- ------ )(-COARSE -iACTIONS(MM)-)(>2MM.
CLAY SILT SAND FINE C03 FINE COARSE VF F
SAMPLE HZN DEPTH HORIZON LT .002 .05 LT LT .002 .02 .05 .10 .25N C VC - - - - WEIGHT - - - - WTNO. NO. (CM) .002 -.05 -2 	 .5 1 2 5 20 -.1- PCT
.0002 .002 -.02 -. 05 -. 10 -.25 -.50 -1 
 -2 -5 -20 -75 75 WHOLE
 

<- PCT OF <2MM (3A1) - ------------ > <- PCT OF <75MM(3B1)-> SOIL 
J**~* SEE FOOTNOTE REGARDING PSDA BELOW **#* 
832379 1S 0- 5 Al 0.5 21.3 78.2 8.6 12.7 11.5 16.8 10.4 11.2 28.3 TR TR -- 67 TR
832380 2S 5-
 18 A2 1.2 	 51.9 46.9 -- 20.7 31.2 14.7 16.2 8.8 5.8 1.4 1 TR -- 33 1832381 ' 3S 18- 32 8S1 2.0 19.0 79.0 -- 10.2 8.8 12.2 28.4 24.9 11.8 1.7 TR TR -- 67 TR
832382 4S 32- 55 BW2 2.9 24.3 72.8 -- 16.0 8.3 10.9 19.8 21.1 15.6 5.4 2 12 50V 86 65
832383 5S 55- 65 2BQS 1.6 10.0 88.4 5.7 3.3 6.Z 15.7 
 23.3 25.0 18.2 	 6 35 34. 96 75
832384 6S 65- 86 28Q 1.5 5.6 92.9 
 3.6 2.0 2.2 9.0 23.6 33.5 24.6 6 30 41 98 77 

ORGN TOTAL EXTR TOTAL - DITH-CITD- - -)(RATIO/CLAY)(ATTERBERG )(- BULK DENSITY -) COLE (- - -WATER CONTENT - -) WRD. 
C N P S EXTRACTABLE 15 - LIMITS - FIELD 1/3 OVEN WHOLEFIELD 1/10 1/3 15 WHOLE.-SAMPLE HZN 	 FE 
 AL MN CC BAR LL PI MOIST BAR DRY SOIL MOIST BAR BAR BAR SOIL 00


NO. NO. 6AlC 6B3A 6R3A 6C2B 6G7A 6D2A 8D1 8D1 4F1 '4F 4A3A 4A19 4A1H .4D1 4B4 4B1C 4B1C 4B2A 4Cl
 
<------- PCT OF <2MM -> PCT <0.4MH <- - G/CC - - -> CM/CM <- - -PCT OF <2MM - -> CM/CM
 

832379 1 27.3 1.333 0.6 1.0 
 112.40135.40 	 0.26 
 0.39 0.145 130.6 67.7 0.16
832380 2 16.6 0.908 0.7 2.9 
 48.42 35.75 0.55 0.73 0,099 	 42.9

832381 Z 3.67 	 3.3 3.6 29.00 23.90 
 0.64 0.87 0.106 94.4 47.8 0.30
832382 4 2.61 	 4.8 2.0 7.97.12.38 0.71 0.89 0.049 85.7 3 '.9 0.23832383 5 0.54; 	 1.0 0.3 4.75 7.38 
 11.8

832384 6 0.39 
 0.6 0.2 3.53 6.40 
 9.6 

.---- .---------------------------PSDA IN AQUEPIS WITH ANDIC PROPERTIES SHOULD NOT BE USED FOR MAKING ENGINEERING INTERPERTATIONS BECAUSE OF INCOMPLETE DISPERSION
 
OF AMORPHOUS MATERIAL. THEY ARE PRESENTED TO AID IN CLASSIFICATION AND ASSESSMENT OF MINERALOGY. REFER TO PEDON DESCRIPTION
 
FOR FIELD TEXTURE.
 

http:7.97.12.38
http:112.40135.40
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ALERCE S 83FN-275 -012 DATE 09/25/84 PEDON NO. 83P 501 NATIONAL SOIL SURVEY LABORATORY
 
-1-------------- - ------------- -8-- -9-- -10- -11- -12- -13- -14- -15- -16- -17- -18- -19- -20­

( NH4OAC EXTRACTABLE BASES -) ACID- EXTR (- - - -CEC - - -) AL -BASE SAT- C03 AS RES. COND.(- - - -P;I - - -)
CA MG NA K SUm ITY AL SUm NH4- BASES SAT SUm NH4 CAC03 OHMS MMHOS NAF CACL2 1120 

SAMPLE HZN 5B5A 5B5A 5B5A 5B5A BASES CATS OAC + AL OAC <2MM /Cm /Cm .O1m 
NO. NO. 6N2E 602D 6P2B 6Q2B 6H5A 6G9A 5A3A 5A8B 5A3B 5G1 5C3 5C1 6E1G 8E1 81 8CID 8C1F 8CJF 

<---------- -- MEQ / 100 G ----------- > e ----- PCT - - - -> 1:2 1:1 

832379 1 3.0 1.1 -- 0.8 4.9 56.6 4.1 61.5 56.2 9.0 46 8 9 8.4 4.2 5.0 
832380 2 1.2 0.3 -- 0.3 1.8 62.8 3.6 64.6 38.1 5.4 67 3 3 11.1 4.5 5.2 
832381 3 1.1 0.2 -- 0.2 1.5 65.2 1.1 66.7 58.0 2.6 42 2 3 11.2 4.9 5.4 
832382 4 0.3 0.1 -- 0.1 0.5 34.7 0.2 35.2 23.1 0.7 29 1 2 10.8 5.8 6.0 
832383 5 0.7 0.2 -- 0.1 1.0 11.6 0.2 12.6 7.6 1.2 17 8 13 10.0 6.1 6.9 
832384 6 0.6 0.2 -- 0.1 0.9 6.3 0.1 7.2 5.3 1.0 10 13 17 9.3 6.2 6.2 

- - - -SP3DIC HORIZON CRITERIA ------- ) ( ---- -- MINERALOGY- - --- - - -­
(- -NA PYROPHOSPHATE EXTRACTABLE- -) INDEX - ---- CLAY --


C FE AL FE+AL FE+AL AL+C OF (- - - - X-RAY-- --- -DTA - -) TOTAL DOM
 
SAMPLE HZN (- -DIVIDED BY- -) ACCUM ---- <2U -- -- -- -<2U - -) RES WEATH 

NO. NO. 6A4A 6C8A 6G10 DI-CI PCT PCT 7A21 7A21 7A21 7A21 7A3 7A3 7B1A 7B1A 
<- PCT OF <2MM-> FE+AL CLAY CLAY <- RELATIVE AMOUNTS -> <- -- PCT - - - -> 

832379 1 0.4 1.1 0.9 3.0 306
 
832380 2 0.4 2.1 0.7 2.1 832 NX 6
 
832381 3 0.4 1.8 0.3 1.1 920 NX 6
 
832382 4 0.1 0.6 0.1 0.2 776
 
832383 5 0.1 0.2 0.2 0.2 118 GI 1 NX 6 GI
 
832384 6 0.1 0.1 0.3 0.1 135
 

FAMILY CONTROL SECTION: DEPTH 25- 55 PCT CLAY 3 PCT .1-75MM 82. SPODIC HORIZON: INDEX OF ACCUMUL 352
 
ANALYSES: S= ALL ON SIEVED <2MM BASIS V= 75-20MM FROM VOLUME ESTIMATES
 
MINERALOGY: KIND OF MINERAL NX AMORPHOUS GI GIBBSITE
 

RELATIVE AMOUNT 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL 1 TRACE
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N S S L
 

SUPPLEMENTAL 	 DATA SHEET
 

ALERCE 	 S83FN-275-012
 

EXT 15 P (- -ACID OXALATE- -) EXTR pH 
P BAR RETENT AL SI FE AL KC1 

SAMPLE HZN BRAY1 MOIST (KOH)
NO. NO. 6S3 4B2b [I] [Il [1] [1] [2] 8Clg 

PPM <--------- PCT OF <2MM-- ------- > 

832379 1 6 95.2 88 3.2 0.8 0.5
 
832380 2 2 73.1 99 6.4 2.5 1.0 2.9
 
832381 3 TR 93.4 99 5.6 3.4 0.3 4.8
 
832382 4 1 46.2 99 5.0 2.9 0.2 3.7
 
832383 5 2 17.0 92 2.0 1.3 0.3 1.6
 
832384 6 17 12.1 70 1.5 1.1 0.2 0.9
 

[1] 	Blakemore, L. C., P. L. Searle, and B. K. Daly. 1981. Soil Bureau
 
Laboratory Methods. A. Methods for Chemical Analysis of Soils. New
 
Zealand Soils Bureau Scientific Report l(A. Dsiro, New Zealand.
 

[21 	Holmgren, G. G. S. and J. M. Kimble. 1984. Field Estimation of
 
Amorphous Aluminum with 4N KOH. Soil Sci. Soc. Amer. J. (in
 
publication)
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( -MINE MINERALOGY ALOG.................................... --------­
---------------------------OPTICAL- ---------------------------- ) ( ------------ X-RAY--------- ) (---DTA--) (TOT ANAL) 

-------------------------- SAND/SILT ----------------------------- ) ----------------------- CLAY -----------------------
SAMPLE HZN FA RE K20 FE 

NO. NO. 7B1A 7B1A 7B1A 7B1A 7B1A 7BIA 7B1A 7B1A 7B1A 7B1A 7BIA 7A2I 7A2I 7A21 7A2I 7A2I 7A3 7A3 6Q3A 6C7A 
PCT > AMOUNTS ------- PCT---------- >< ----------------------- ------------------------------ < ---- RELATIVE ------ 3 < 

83P2379 1
 
03P2380 2 NX 6 0.2 0.9
 
83P2381 3 VFS GA84 OT15 GC 1 GS<1 NX 6 0.1 4.2
 
83P2382 4
 
8.?-2383 5 GI I NX 6 GI<l 0.0' 2.4 
r'>P2384 6
 

ANALYSES: S-ALL ON SIEVED < 2mm BASIS
 

MINERALOGY: FA - FRACTION ANALYZED RE - RESISTANT 

KIND OF MINERAL: NX - NON-CRYSTALLINE GA - GLASS AGGREGATES GS - GLASS OT - OTHER GC GLASS COATED GRAIN 

GI - GIBBSITE 

RELATIVE AMOUNT: 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL I TRACE 

MINERALOGY BASED ON SAND/SILT:
 

MINERALOGY BASED ON CLAY:
 

FAMILY PLACEMENT: 

COMMENTS:
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173
 
Series: Corte Alto 

Pedon No: S83FN-275-013
 
Taxonomy: Fine-Loamy, mixed, mesic Andic Haplumbrept
0
Latitude: S 40*54' Longitude: W 73 o09 1
 
Location: Purranque
 
Geomorphic Position: Terrace
 
Slope and Aspect: 5% NW Elevation: 105 m M.S.L
 
Air Temp. 12.5 C Summer: 16C Winter: 7.5C
 
Precipitation: 145 cm Udic moisture regime.
 
Water Table: > 10 m
 
Drainage: Well drained Permeability: moderate
 
Stoniness: non stony
 
Land Use: pasture
 
Erosion: or Deposition: none
 
Parent Material: multiple ash deposits
 
Described by: T. Cook, W. Luzio, R. Honorato, G. Galindo, W. Vera, R. Grez,

Remarks: Date described: January 10, 1983. Field reaction by Universal Indicator

strips,pH 4.0-7.0 (soil/water: 1/2.5); field moisture, 0-18 cm dry, 17-194 cm
 
slightly moist; vegetation-Present vegetation is pasture grasses and forbes of:
 
grasses-Poa, Dactylis glomerata, Holcus lanatus, 
 Anthozantum s.,

Trifolium repens and scattered Nothofagus -obliue.
 

0 3 - 0 cm Mat of roots and leaves.
 

A 0 - 18 cm Dark reddish brown (5YR 2/2) silty clay loam; strong medium
 
and coarse granular structure; friable, slightly sticky; plastic; common very fine

and fine roots; common very fine and 
 fine and few many very fine to fine
 
interstitial and few fine tubular 
 pores; few medium (4-6 cm) cylindrical insect
 
nests; 1% gravel; pH- 5.5, strongly acid; clear wavy boundary.
 

Bwl 18 - 47 cm Reddish brown (5YR 4/4) and dark reddish brown (5YR 3/2)

silty clay loam; dark reddish brown (SYR 3/3, rubbed); strong medium and coarse
 
subannular blocky structure; friable, slightly sticky and plastic; common very fine,

few i.adium and coarse roots; many very fine interstitial and common very fine, fine,

and medium tubular pores; few medium (4-6 cm) cylindrical insect nests; 1% gravel;

pH- 5.5, strongly acid; gradual wavy boundary.
 

Bw2 47 - 77 cm Dark reddish brown (5YR 3/4) silt loam; weak coarse and
 
very coarse prismatic structure parting to weak coarse subangular blocky; very

friable, slightly sticky and slightly plastic; few very fine and common fine and
 
medium roots; many very fine, common fine and medium tubular pores; few medium (4-6

cm ) cylindrical insect nests; pH= 5.5, strongly acid; abrupt wavy boundary.
 

2C1 77 - 122 cm Brown to dark brown (7.5YR 4/4) very fine sandy loam; weak
 
coarse angular blocky structure in upper part structruless in lower part; firm,

non-sticky and slightly plastic; weakly smeary, very moist or wet; few very 
fine
 
exped roots; few very fine tubular and many very fine interstitial pores; few thick
 
clay films in pores, many thin and medium in pores and on peds, color of films 
are

yellowish red (5YR 4/6, 5/6) and reddish brown (5YR 4/4); pH- 5.7, medium acid;

abrupt smooth boundary.
 

2C2 122 - 170 cm Strong brown (7.5YR 4/6) fine sandy loam; weak coarse
 
angular blocky structure in upper pirt in lower part structureless;friable,

non-sticky and slightly plastic; 
few very fine and fine roots; few very fine tubular
 
pores from 122 to 132 cm 
there are many very fine, fine, and medium tubular pores;

at 122-132 cm few thick clay films 
in pores,, other parts of horizon has few thin
 
and moderatly thick clay films, color of films in pores and fractures are yellowish

red (SYR 4/6, 5/6) and reddish brown (5YR 4/4); pH- 5.7, medium acid; abrupt smooth
 
boundary.
 

3C3 170 - 194 cm Brown to dark brown (7.5YR 4/4) silt loam; structureless;
 
very friable, non-sticky and slightly plastic; few very fine, fine, and medium
 
roots; common very fine and fine tubular pores; pH= 5.1, strongly acid.
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LAB CLASSIF: FINE-LOAMY, MIXED, MESIC ANDIC HAPLUMBREPT 

S 83FN-275 -013 DATE 07/26/84 	 SAMPLE NO. 83P2339-2344 U. S. DEPARTMENT OF AGRICULTURE
 
PEDON NO. 83P 495 SOIL CONSERVATION SERVICE


CHILE-SMSS 	 PROJECT NO. 83P 
84 	 NATIONAL SOIL SURVEY LABORATORY
 

LINCOLN, NEBRASKA 68508
GENERAL METHODS BlA, 2A1, 2B 


-1------- --------------- -7-- -a-- -9-- -10- -11-
 -12- -13- -14- -15- -16- -17- -18- -19- -20­

- - -TOTAL - - -)(- -CLAY- -)(- -SILT- -)( ------ SAND- ----- )(-COARSE FRACTIONS(MM)-)(>2MM)

CLAY SILT SAND FINE 
 C03 FINE COARSE VF F M C VC - - - - WEIGHT - - - - WTSAMPLE IIZN DEPTH HORIZON LT .002 .05 LT 	 I.T .002 .02 .05 .10 .25 .5 
 1 2 5 20 .1- PCT OF


NO. NO. (CM) .002 -.05 -2 .0007 .002 -.02 -.05 -. 10 -.25 -.50 
 -1 -2 -5 -20 -75 75 WHOLE
 
<-------------- PCT OF <2MM (3A1) - ------------ > <- PCT OF <75MM(3B1)-> SOIL
 

832339 1s 0- 18 A 45.8 
 33.8 20.4 22.7 11.1 6.0 7.6 4.9 	 1.4 0.5 TR -. .. 11 TR

832340 2S 18- 47 BW1 
 29.4 41.5 29.1 25.9 15.6 12.3 10.3 4.8 1.4 0.3 1 TR -- 18 1
832341 3S 47- 77 BW2 11.9 38.6 49.5 21.7 16.9 22.0 16.2 8.2 2.6 
 0.5 TR .. .. 27 TR

832342 4S 
 77-122 2C1 1.7 18.1 80.2 11.3 6.8 22.9 35.6 18.0 3.5 0.2 .- .. .. 57 -­
332343 5S 122-170 2C2 0.5 30.6 68.9 
 16.8 13.8 34.3 24.0 7.9 2.4 0.3 TR -. .. 35 -­
832344 6S 170-194 3C3 15.5 31.0 53.5 21.3 9.7 14.7 22.2 12.4 3.8 0.4 TR .. .. 39 -­

------.----------------------------------------.........................--------------------------------------------------

ORGN TOTAL EXTR TOTAL (- - DITH-CIT - -)(RATIO/CLAY)(ATTERBERG )(- BULK DENSITY -) COLE (- - -WATER CONTENT - -) WRD 
C N P S EXTRACTABLE 15 - LIMITS - FIELD 1/3 OVEN WHOLE FIELD 1/10 1/3 15 WHOLE 

SAMPLE ttZN FE AL MN CEC BAR LL PI MOIST BAR DRY SOIL MOIST MAR BAR BAR SOIL

NO. NO. 6AIC 6B3A 6R3A 
6C2B 6G7A 6D2A 8D1 8D1 F1 4F 4A3A 4AlD 4AIH 4D41 41B 4BC 18C 482A 4C1
 

<-- PCT OF <2MM -> PCT <0.4MM <-
 - G/CC - - -> Cm'CM <- - -PCI OF <2MM - -> CM/CM
 

832339 1 6.76 0.499 5.8 1.4 0.86 0.63 
 0.86 1.07 0.075 41.7 28.7 0.11
 
832340 2 1.26 0.104 6.5 1.6 0.77 0.83 0.88 1.03 0.05 42.7 24.4 0.16

832341 3 0.8 0.071 6.5 1.5 
 1.78 2.07 0.93 1.07 0.048 45.7 24.6 0.20

832342 4 0.88 4.4 1.2 11.71 13.12 0.85 0.93 0.030 55.3 22.3 0.28

832343 5 0.43 3.2 1.0 
 42.20 65.00 	 0.66 0.74 0.039 75.6 32.5 0.28

832344 6 0.50 	 5.1 0.7 
 1.66 1.73 	 0.76 0.85 0.038 61.1 26.8 0.26
 

...------------------------------------------------------------------------------------------------------------------------------­

*** C O N T I N U A T IO N O N N E X T P A G E ***
 



CORTE ALTO S 83FN-275 -013 DATE 07/26/84 PEDON NO. 83P 495 
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NATIONAL SOIL SURVEY LABORATORY 

-1------------------- - --- ------------- -10- -11- -12- -13- -14 - -1.5- -16- -17- -18- -19- -20-

SAMPLE 
NO. 

832339 
832340 
832341 
832342 
832343 
832344 

--------------------------------------------------------------------------------------------------------------------------------------­
(- NH4OAC EXTRACTABLE BASES -) ACID- EXTR (- ­ - -CEC - - -) AL -BASE SAT- C03 AS RES. COND.(- - - -PH - - -
CA MG NA K SUM ITY AL SUM NH4- BASES SAT SUM N14 CACO3 OHMS MMHOS NAF CACL2 H20HZN 585A 5B5A 5B5A 5B5A BASES CATS OAC + AL OAC <2MM /CM /Cm .01MNO. 6N2E 602D 6P2B 6Q2B 6H5A 6G9A 5A3A 5A8B 5A3B 5G1 5C3 5C1 6E1G 8E1 81 8C1D CC1F 8C1F 
<----------- -- MEQ / 100 G - ---------- > <­ -- PCT - - - -> 1:2 1:1 

1 9.4 2.4 0.1 1.6 13.5 33.3 0.7 46.8 39.6 14.2 5 29 34 9.0 4.7 5.62 3.1 1.0 0.2 1.2 5.5 28.7 1.1 34.2 22.6 6.6 17 16 24 9.9 5.0 5.33 4.8 1.2 0.7 0.1 6.8 26.1 0.2 32.9 21.2 7.0 3 21 32 10.3 5.5 5.84 2.0 0.4 0.3 0.1 2.8 26.7 0.1 29.5 19.9 2.9 3 9 14 10.7 6.2 6.25 1.7 0.2 0.2 0.2 2.3 31.4 0.1 33.7 21.1 2.4 4 7 11 10.7 6.1 6.26 6.0 1.6 1.8 0.2 9.6 21.3 0.2 30.9 25.7 9.8 2 31 37 9.7 5.4 6.3 

SAMPLE 
NO. 

--------------------------------------------------------------------------------------------------------------------------------------­
- - - SPODIC HORIZON CRITERIA------ ------- -- MINERALOGY - - -- - - - -­

(- -NA PYROPHOSPHATE EXTRACTABLE- -) INDEX C- ------ CLAY - )C FE AL FE+AL FE+AL AL+C OF (- - - - X-RAY - )-(---DTA ­ -) TOTAL DOMIIZN (- -DIVIDED BY- -) ACCUM (----- <2U - ---­ <2U - -} RES WEATHNO. 6A4A 6C8A 6G10 DI-CI PCT PCT 7A21 7A21 7A21 7A21 7A3 7A3 7B1A 781A<- PCT OF <2MM-> FE+AL CLAY CLAY <- RELATIVE AMOUNTS -> <--- PCT - - - -> 

832339 
832340 
832341 
832342 
832343 
832344 

1 
2 
3 
14 
5 
6 

0.7 
0.14 
0.2 
0.1 
0.1 
0.2 

0.6 
0.14 
0.3 
0.6 
0.5 
0.3 

0.2 
0.1 
0.1 
0.1 
0.1 
0.1 

TR 
TR 
TR 

0.14 
1.2 
TR 

430 
565 
808 
1289 
1606 
556 

KH 2 

KH 1 

KH 2 

NX 6 

NX 6 

NX 6 

KH49 

KH13 

KH48 

--
Ln 

---------------------------------------------------------------------------------------------------------------------------------------

FAMILY CONTROL SECTION: DEPTH 25-100 PCT CLAY 114 PCT .1-75MM 34. SPODIC HORIZON: INDEX OF ACCUMUL 0 

ANALYSES: S= ALL ON SIEVED <2MM BASIS 

MINERALOGY: KIND OF MINERAL KH HALLOYSITE NX AMORPHOUS 

RELATIVE AMOUNT 6 INDETERMINATE 5 DOMINANT 14ABUNDANT 3 MODERATE 2 SMALL 1 TRACE 



-------------------------------------------------------------------------------

------------------------------------------------------------------------------

Page 3 of 4
 

NS S L
 

SUPPLEMENTAL DATA SHEET
 

EXT 15 P (- -ACID OXALATE- -) EXTR pH 
P BAR RETENT AL SI FE AL KCI 

BRAY1 MOIST (KOH) 
SAMPLE HZN 6S3 4B2b * * * * 8Clg

NO. NO. PPM < - - - - - - - - -PCT OF <2MM - - - - - - - - ->
 
NO. NO. PPM <---------------------------------PCO<M-------------------­

832339 1 3 30.9 89 1.2 0.3 1.4 0.8 4.3
 
832340 2 1 96 1.4 0.4 1.6 1.3 4.3
 
832341 3 TR 33.1 99 1.5 0.5 1.3 1.3 4.8
 
832342 4 TR 34.8 99 4.5 2.3 1.6 2.5 5.4
 
832343 5 TR 38.5 99 6.1 3.8 1.8 2.4 5.2
 
832344 6 TR 40.8 91 1.0 0.7 2.2 0.9 4.5
 

*NEW ZEALAND PROCEDURE 



--- 
------------ 

----------------------- ---------------------------------------------------------------------------------------------------------------------------

C P O P N 2 9 Ppa 9B4 c~of 4 Lo g n 
CP83FNI29 


-- - - - - - - -- - - - - - - - -- - - - - - - - - - -- - - -- -- - - -- ..- - - - -M IN E RAL O G Y - - - - - - - - - - - - - - - - - - ---- - - - - - - - - - - - - - - - - - - -­
-- -- -- OPTICAL-- - -) ( -X- X-RAY --------- ) (---DTA--) (TOT ANAL) 

------------------------ -- SAND/SILT-- ------------------------ ) (------------------------ CLAY -----------------------
SAMPLE HZN FA RE 
 K20 FE
 

NO. NO. 7BIA 7BIA 7BIA 7BIA 7BIA 7BIA 7BIA 7BIA 7BIA 7BIA 7BIA 7A21 7A21 7A21 7A21 7A2I 7A3 7A3 603A 6C7A
 

< ----------------------- PCT ------------------------------------- -- RELATIVE AMOUNTS------ > < ..-------.PCT -----------­

83P2339 I 
83P2340 2 VFS OT99 GS 1 CC<1 GA<1 KH 2 NX 6 KH49 0.2 7.9
 

83P2341 3
 

83P2342 4 
 KH 1 NX 6 KH13 0.0 4.6 
83P2343 5 
83P2344 6 KH 2 NX 6 I{H48 0.0 5.3
 

ANALYSES' S-ALL ON SIEVED < 2sm BASIS
 

MINERALOGY: FA - FRACTION ANALYZED RE - RESISTANT 

KIND OF MINERAL: GA - GLASS AGGREGATES GS - GLASS OT - OTHER KH - HALLOYSITE NX - NON-CRYSTALLINE
 

GC - GLASS COATED GRAIN
 

RELATIVE AMOUNT: 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL I TRACE
 

MINERALOGY BASED ON SAND/SILT'
 

MINERALOGY BASED ON CLAY:
 

FAMILY PLACEMENT:
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Appendix I
 

Summary of micromorphological descriptions of soils for the
 
Sixth International Soil Classification Workshop.
 

R. Honorato
 

Facultad de Agronomia
 

Pontificia Universidad Cat6lica de Chile
 



180
 

CHI-I PELCHUQUIN
 

Typical isotic fabric throughout the profile, with

regard to the SRDP 
is congelic in every horizon, with the
 
exception of the Ap in which 
it is congelic grading to
 
agglutinic. The plasma and skeleton grains are of silt size
 
and they form peds in between the coarser sand sized
 
skeleton grains.


The voids are mainly of compound packing type and
 
secondly channels and skew planes in 
the agglutinic areas.
 

The skeleton grains composed of quartz plagioclases and
 
traces of amphibol-pyroxenes, 
have a random distribution.
 

In the Bs2 horizon wedge shape crystals of quartz of
 
less than 0.1 
mm are rather common.
 

There is a well-expressed microstructure composed of

rounded aggregates most of them probably fecal pellets from
 
0.02 to 0.5 mm in diameter. These biological features are
 
described throughout the profile although they are
 
concentrated in 
the A horizons. The fabric of these pellets

is similar 
to those of the matrix of soil.
 

Highly decomposed organic remains as skeleton are
 
common all through the profile will the wall cells still
 
recognizable.
 

Sesquioxidic glaebules and scarce lithorelicts are
 
described everywhere in the profile.
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CHI-2 LANCO
 

Isotic soil plasmic fabric. The NRDP is porphyric in
 
the Aj and 2Bs horizons and dominantly granic in the
 
other. The SRDP is congelic in the A1 and 2Bs horizons.
 
In the 3BC and 4Bsl horizons is quite heterogenous

grading between aggTutinic and intertextic type.
 

In the 4BSlm horizon the matrix is fine volcanic
 
siliceous-vitric material which acts as cementing agent of
 
coarse skeletong-ain .
' 


The skeleton is relatively scarce up to 35 cm, the
 
mineral grain are mainly lithorelicts of many different
 
types of volcanic rocks; quartz and other minerals are
 
present only as traces. No pumice fragments were described.
 

A biological microstructure variable in size is well
 
expressed in the A1 and 2Bs horizons. Numerous fecal
 
pellets and organic remains are observed too. Fecal pellets
 
have a fabric like the soil fabric.
 

In the 4Bs m (duripan) horizon, diffusion argillans

not birefringeni are developed in the vitric material.
 
Also, diffusion ferrans are described as cementing agent

between the coarse skeleton grains. In addition,
 
sesquioxidic glaebules are abundant.
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CHI-3 LOS ULMOS
 

Soil plasmic fabric is dominantly isotic as it is
 
described in Andisols, but slightly in vosepic in the base
 
of the Bs horizon. The dominant SRDP is agglutinic with
 
some areas 
of congelic type due to the biological activity.

The NRDP is plasmi-porphyric all through the profile.


Soil plasma is abundant and has a very strong reddish
 
brown color.
 

Skeleton is rather scarce, mainly quartz and tLaces of
 
other minerals like plagioclases and amphibol-pyroxenes.

Some scarce lithorelicts of volcanic rocks are observed too,
 
all through the profile.


The biological activity is intense resulting in a
 
microstructure, with rounded aggregates. Pedotubules, are
 
filled with fecal pellets in the A horizons.
 

Organic skeleton formed by somewhat decomposed organic

remains as 
cell tissues and altered roots are abundant.
 

The system of voids is mainly formed by vughs channels,

skew planes and by compound packing voids in some areas of a
 
higher biological activity.
 

Some thin discontinuous argillans, with a continuous
 
extinction, can be observed in the Bs3 horizon. These
 
cutans probably stress cutans recover the normal voids wells
 
and around some skeleton grains.
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CHI-4 OSORNO
 

Isotic soil fabric and congelic SRDP are dominant
 
throughout the profile; in the Ap horizon congelic SRDP
 
grades to agglutinic in some areas. According to Brewer's
 
nomenclature RDP is porphyroskelic in the 2C1 and 3C2
 
horizons.
 

The NRDP is porphyric in the Ap, Bw and Bs horizons, it
 
is plasmi-porphyric in the 2C1 and grani-porphyric in the
 
3C2 horizon.
 

In the Bq horizon soil fabric is quite heterogenous, it
 
consi.sts of a ground mass of vitric material with skeleton
 
grains enclosed. The plasma is of a yellow-brown color with
 
yellow or reddish areas depending on the degree of
 
weathering and segregation of iron.
 

Microstructure is well developed specially in the Bw
 
and Bs horizons. Numerous pedotubules filled with pellets
 
of the same fabric as the soil are the result of intense
 
biological activity.
 

Compound packing voids are the most important

accompanied in some more dense areas by channels, chambers,
 
vughes, and skew-planes.


The skeleton grains are scarce it,the profile with the
 
exception of the 3C2 horizon. The most important is
 
quartz and less frequent plagioclases and
 
amphibol-pyroxenes. Plagioclases and amphibol-pyroxenes
 
increase in the 2Bq, 2C and 3C2horizons. Volcanic rock
 
fragments are infrequent in the first two horizons and
 
common in the remainders. Besides, pumice fragments are
 
described in Bs and 2Bq horizons showing its characteristic
 
vesicular structure. Some of these fragments show patches

of yellow color concerning with the first state of
 
weathering.
 

Normally, the skeleton grains are well preserved

amphibol-pyroxenes crystals are often cracked with iron
 
deposits inside. In the 3C2 horizon some grains are
 
covered with plasma.
 

Somewhat decomposed organic remains as skeleton are
 
abundant in the form of cell tissues and fusiform root
 
remains.
 

Small sesquioxidic glaebules are common throughout the
 
profile, and abundant in the 2Bq. The cementing agents of
 
this last horizon are iron and silica, and it is possible to
 
observe some diffusion ferrans.
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CHI-5 ANTILLANCA
 

The Antillanca soil series is characterized by the
 
scarce quantity of plasma. The soil plasmic fabric is
 
isotic, the NRDP granic and the SRDP can be classified as

dermatic. Most of the skeleton grains are coated with a
 
dark brownish film of volcanic plasma.


The skeleton grains are quite dominant with the
 
exception of the A1 
horizon where the organic skeleton is
 
higher.
 

The skeleton is composed of all kinds of volcanic
 
aphanitic and pumice sand size fragments, increising with
 
depth. Some isolated mineral grains of plagioclases, quartz

and amphibol-pyroxenes are also observed. 
 Normally mineral
 
grains are part of volcanic rocks. The skeleton grains are
 
slightly weathered in the first two horizons.
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CHI-6 CHANLEUFU
 

Isotic plasmic fabric is dominant all through the
 
profile*. The NRDP is porphyri-granic in the Al, A2 and
 
C2 horizons. In the C1 horizons it is considered as
 
granic due to the presence of vesicular-basaltic cinder.
 

This cinder inclujdds a part of microcrystals and
 
phenOcrysts both composed of plagioclases.


' 
The SRDP is congelic in the A1 , A2 and C2

horizons. The C1 horizon is composed mainly of pumice

fragments of vesicular type (
 

Soil fabric is very loose as a consequence of the
 
intense biological activity. In the A1 and A, horizons
 
fecal pellets and organic debris in combinatign with roots
 
in different stages of weathering were described.
 

Skeleton grains of sand size are frequent mainly of
 
pumice, quartz and scarce plagioclases and
 
amphibol-pyroxenes crystals.


The skeletal grains are well preserved although some
 
amphibol-pyroxenes crystals show a surface with cracks.
 
Basaltic cinders are not altered. Sesquioxidic glaebules are
 
common all over the profile.
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CHI-7 PUYEHUE 

Typical isotic fabric, the NRDP is porphyric and the

SRF'DP con ,.dic throughout the profile. 
The soil plasma hnas 
a strong dark reddish brown color, being yellowish in some 
areas influenced by altered vitric pumice.


Voids are mainly of compound packing type.

microstructure made up of rounded aggregates from 0.02 to

0.5 m in diameter is well expressed, numerous fecal pellets

tillinq voids are observed.
 

The skeleton qrains are rather scarce in the soil

prfflle, increasing with depth. 
 They are mainly volcanic
 
4na vitric pumice fragments and quartz, plaqioclases and
.mptitIbl-pyr.)x~ne association. Some of quartz crystals show 
-4wpodqe shape. In thp Raj horizon skeleton grains are very 'ia.eNorma. ly 9keleton grains are well preserved
betm somp voni:anit rt'ck fragments are very cracked and
0..,rtially Incorporated to the plasma.

'rqani, remains are common all through the profile, but
 
it. predominant in the t-horizons.
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CHI-8 PUERTO FONCK
 

Isotic fabric throughout the profile. The NRDP is
 
porphyric and the SRDP congelic in every horizon, the plasma
 
has a dark brown color.
 

The biological activity is intense mainly in the A
 
and Aq horizons. Numerous pedotubules filled with fecal
 
pelle s can be observed. The organic skeleton composed by

tissues debris and roots somewhat decomposed is abundant all
 
through the profile.
 

The skeleton grains are scarce, the most important are
 
volcanic rock fragments including pumice, with the exception
 
of the C2 horizon. Less frequent are quartz, plagioclases

and amphlbol-pyroxenes. Some of the volcanic fragments are
 
often fragmented and partially incorporated into the soil
 
plasma. Pumice fragments show the typical yellowish
 
weathering state.
 

Small sesquioxidic glaebules are common throughout the
 
profile.
 



188
 

CHI-9 FRUTILLAR
 

Typical isotic plasmic fabric. The NRDP is porphyric
 
in the A and E horizons, porphyric-phyric in the BSl,
 
Bsi and Bs3 and phyri-granic in the C horizons. The
 
SRDP is an intergrade congelic-agglutinic in the A and Bs3

horizons and congelic in the C, Bs, and Bs2 horizons.
 
The plasma is of dark brown color.
 

The mineral skeleton grains are scarce in the A, E and
 
B% horizons. The organic skeleton represented by roots
 
de ris and organic tissues are abundant.
 

The skeleton grains are mainly quartz, plagioclases,
 
amphibol-pyroxenes and some volcanic rock fragments. Only

in the 2Bsm horizon, the last fragments are moderately

weathered. With regard to the vitric volcanic materials,
 
are also weathered showing a yellowish color.
 

In the Bsm there are diffusion ferrans and
 
discontinuous argillans, both developed in voids.
 

In the top of the 2Bs (duripan) a thin iron
 
discuntinuous film, thin iron pan, of around 0.1 mm can be
 
observed. The iron is diffused into the subcutanic area.
 

Sesquioxidic glaebules are common in the whole profile

increasing from the Bs3 horizon.
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CHI-10 PUERTO OCTAY 

Isotic fabric dominant all throughout the profile. The
 
NRDP is porphyhri-phyric in the A horizon and porphyric in
 
the others with the exception of the 2R horizon. The SRDP
 
is congelic grading to agglutinic in some areas of the A
 
horizon.
 

In the 2R horizon ("tuff") fabric is quite

heterogenous, it consists of a ground mass of vitric
 
yellowish vesicular altered pumice, and a grayish fine
 
siliceous cemented volcanic material, enclosing grains.

This grain is mainly volcanic rock fragments, plagioclases
 
and quartz.
 

Compound packing voids are the most important,

accompanied by channels, vughs and skew planes in the
 
agglutinic areas.
 

Organic remains as skeleton are common all through the
 
profile, the higher biological activity is evidenced by the
 
presence of numerous fecal pellets filling voids.
 

Skeleton grains are scarce being quartz plagioclases

followed by amphibol-pyroxene association in the first
 
horizon. The skeleton is generally well preserved, although

in the Bw2 horizon plagioclases grains are cracked and
 
corroded. Some of the quartz crystals are on a wedge shape.

Besides in the AB horizon can be observed volcanic aphanitic
 
rock fragments.


Fine sesquioxidic glaebules are described everywhere in
 
the profile.
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CHI-I1 PUERTO MONTT
 

Typical isotic fabric throughout the profile with the
 
exception of the duripan layers. The NRDP is generally

porphyric and the SRDP congelic grading to agglutinic in
 
some areas of the horizon.
 

The skeleton grains are rather scarce, compound mainly

by quartz, plagioclases, amphybol-pyroxenes and traces of
 
volcanic rock fragments in the A and B horizons. In the C
 
horizon aphanitic and andesitic volcanic rock fragments are
 
common. Some vitric volcanic yellowish patches are also
 
present.
 

Intense biological activity is observed in the A and
 
B/A horizons. Numerous pedotubules filled with fecal
 
pellets that have an internal fabric similar to the soil
 
fabric.
 

Highly decomposed organic remains as skeleton are
 
common all through the profile.
 

Sesquioxidic glaebules and scarce lithorelicts arfe
 
described everywhere in the profile.
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CHI-12 ALERCE
 

The mineralogical characteristics of the Alerce soil
 
series is very similar to Frutillar soil series. Soil
 
plasmic fabric is isotic, the NRDP is porphyric in the A
 
horizons and plasmi-porphyric in the B horizons. The SRDP
 
is a congelic-agglutinic intergrade. Voids are composed of
 
compound packing voids, channels, vughs and some skew
 
planes.
 

The skeleton is scarce in the A and BsI horizons
 
increasing with depth. The skeleton grains are quartz,

plagioclases, amphibol-pyroxenes and volcanic rock fragments
 
including andesitic rocks.
 

The intense biological activity is evidenced by the
 
numerouspedotubules filled of fecal pellets specially in the
 
A and BsI horizons.
 

The 2Cgs horizon has yellowish plasma, surrounding the
 
skeleton formed of coarsed grains. This characteristic has
 
been related to some weathering state of vitric volcanic
 
materials. Some of the volcanic fragments are also altered
 
presenting a cracked and corroded surface showing iron
 
deposits.
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CHI-13 CORTE ALTO
 

The micromorphological characteristics of this soil are
 
similar to that of the Los Ulmos soil series. Soil plasmic

fabaric is dominantly isotic. The NRDP is plasmi-porphyric

in the A and B horizons and porphyric in the C. The SRDP is
 
primarily agglutinic and secondary congelic where the
 
biological activity is intense.
 

Skeleton grains are scarce in the A and B horizons
 
increasing with depth. The grains are made up of quartz,

plagioclases, amphibol-pyroxenes, and volcanic rock
 
fragments in decreasing order of quantity. The last one
 
incrfeases in the C horizons. Fine quartz crystals are of
 
wedge shape.
 

Organic skeleton formed by roots remains and tissues
 
debris are abundant in the A and B horizons.
 

The system of voids is composed of channels, and
 
skew planes dominantly and of compound packing voids in the
 
first two horizons. In the B horizon are observed few thin
 
cutans coating glaebules, coarse grains and void walls.
 
These cutans have a continuous extinction and have the same
 
fabric as the soil fabric.
 

Fine sesquioxidic glaebules of less than 0.2 mm are
 
common in the soil profile.
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Appendix II
 

Soil Moisture and Temperature Regimes
 

The following five pages show the determination of soil
 
moisture and temperature regimes according to Franklin
 
Newhall system of computation for selected stations in the
 
Chile (Newhall, 1972). This information was taken from SMSS

Technical Monograph No. 2, 1981 (Van Wambeke, 1981).
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DETERMINATION OF SOIL 
MOISTURE REGI:- ACCORDING TO FRANKLIN NEWHALL 
SYSTEM OF COMPUTATION
 

F NAME OF PEA SOIL * TEMPER4TUPE CUMULATIVE DAYS MSC MAX.CONSECUTIVE DAYS THAT MCS IS U
STATION * TEMPERATURE * REGIME * IN * IHEN * MUST IN SOME PARTS DRY * MOIST * RE * 
* 'ANN'SUMP*6INT: *ONE YEAR IS *SOIL TEMP >5' It ONE
* * * * S •DRY M/D MOI 'DRY MID MOI 

*WHEN SOIL* AFTER * AFTER * REGIME *S YEAR :TEMP > 8 ** SUMMER * WINTER ** •• 
' "• SOLST. SOLS7. * 

*ANCUD 
 *12.6 14.7 10.co• ISOMESIC * 0 0 360 * 0 0 360 * 360 * 257 *' 0 * 120 * PERUCIC * *ANGOL *15.4 18.9 12.4* 
 THERMIC * 54 76 230 * 54 76 230 * 306 * 222 '* 54 * 120 0 XERIC **ANTOFAGASTA *18.9 
21.1 17.1* ISIT!!!RMIC *360 0 0 *360 0 0 s 

*ARICA *21.0 23.O 


0 * 0 " 120 * 0 * ARIDIC * 19.2' ISOTHEkMIC '360 0 0 *360 
 0 * 0 0 " 120 * 0 * ARICIC ' 'CABILOC *17.1 
19.9 13.9' THERMIC *152 86 122 *152 86 122 * 208*CABORAPER *11.5 12.q 10.1* ISOMESIC * 0 0 360 * 
' 208 'S 120 * 105 * XERIC * 0 0 360 s 360 ' 225 ** 0 * 120 * PERUDIC * 'CALDERA *18.8 21.0 
16.8' ISOTHERMIC *360 
 0 0 '360 
 0 0 * 0 * 0 ** 120 4 0 * ARIDIC ­*CATAPILCO '17.1 
19.9 13.9' THERMIC *130 65 165 '130 65 165 * 230 • 
 230 ** 115 * 120 * XERIC*CAUQUENES '17.3 21.4 13.8' THERMIC *116 31 213 0116 31 213 * 244 * 

' 
244 
 " 101 * 120 * XERIC*CHANARAL 
 '18.1 2C.3 16.2' ISOTHERMIC *360 C 0 '36C 0 


'CHILLAN *15.5 

0 # 0 * 0 " 120 • 0 * ARIDIC19.3 12.1t THERMIC * 53 
 76 231 * 53 76 231 * 307 ' 173 " 53 ' 120 * XERIC * 'CONCEPCICN '14.9 17.6 12.6* ISOMESIC ' 0 98 262 * 0 98 262 * 360 ' 360 " 0 ' 120 * USTIC *'CUKSTITUCICN*15.9 18.5 
13.6' ISOTHERMIC 0 57 75 228 * 57 75 228 * 303 ' 303 " 57 ' 120 * USTIC ' 'CONTULMO '15.5 18.2 13.2* 
ISOTHERMIC * 0 360 *
0 0 
 0 360 * 360 ' 360 " 0 * 120 * UDIC ' 'COPIAPO '18.2 21.1 15.5' 
 THERMIC '360 0 0 *360 0 
 0 * 0 ' 0 ** 120 * 0 * ARICIC ' *COQUIMBO *17.C 18.7 15.5* 
ISOTHERMIC '360 0 0 '360 
 0 0 * 0 0
'CURICO '16.2 2C.3 12.6' THEPMIC *114 31 215 *114 31 215 * 246 • 

120 * 0 * ARIDIC * 
160 
 " 99 • 120 * XERIC ' 'ELTENIENTE '12.6 16.1 
 9.1* MESIC ' 64 58 238 * 64 58 163 * 296 ' 140 " 56 ' 120 * XERIC *'FLORDELLAGC '14.0 
16.S 11.4* MESIC 
 * 0 0 360 * 0 0 360 $ 
 360 ' 284 " 0 * 120 * UDIC •'FRUTILLAR 
 '12.9 15.5 10.6' ISOMESIC * 
 0 0 360 * 0 0 360 $ 360 ' 250 " 0 120 * UDIC ..*IQUIUUE 
 *20.3 21.9 18.7' ISOTHERMIC *36C 0 0 *360 0 0 
* 0 0 '* 120 ' 0 * ARICIC *'ISANTAMARIA 
'15.5 17.1 13.9' ISOTHERMIC 
* 16 98 244 * 18 98 244 * 342 342 " 18 ' 120 * USTIC *'ISLAGUAFO '12.2 13.8 11.0' 
ISOMESIC s 0 360
0 * 0 0 360 * 360 ' 264 " C ' 120 ' PERUDIC * 'ISLAMOCHA '15.2 17.2 
13.6' ISOTHERMIC # 0 14 346 
' 0 14 346 ' 360 ' 360 " 0 ' 120 * UDIC *'LACALERA '16.3 19.0 13.4' 
 THERMIC *132 62 166 '132 


'LASERENA 

62 166 * 228 ' 228 " 117 • 120 * XERIC •*16.6 18.7 14.8' ISOTHERMIC *360 0 0 '360 0 0 * 0 
 * 0 " 120 ' 0 * ARICIC **LINARES '16.3 
20.5 12.7' THERMIC * 72 64 224 * 72 64 224 ' 288 ' 174 " 72 • 120 * XERIC aLOLOL '22.1 
26.5 17.7' HYPERTH.'142 24 194 '142 24 194 * 218 ' 

*LONZUI4AY '10.8 14.5 6.9' 
218 ' " 120 ' 120 ' USlIC

MESIC s 0 0 360 * 0 0 
242 * 360 ' 189 " 0 ' 120 * UDIC ' 'LOSANGELES '15.8 19.7 12.5* 
 THEPMIC * 9 113 238 ' 9 113 238 * 351 ' 207 9 * 120 * USTIC ' 'LOSANOES 
 '18.3 22.3 14.3* THERMIC '151 51 158 '151 51 158 209
* 
 209 '* 120 * 120'MAJLLIN * XERIC ''12.2 14.3 10.4' ISOMESIC * 0 0 360 * 0 0 360 * 360 * 249 " 0 0 120 * UOIC $*OVALLE '17.4 20.2 14.9' 
 THERMIC '360 a 0 '360 
 0 0 ' 0 ' 0 'a 120 0 * ARICIC •
'PANGUIPULLI '14.2 17.3 11.2' 
 MESIC * 0 36C *
0 0 0 360 * 360 ' 280 *' 0 ' 120 * UDIC ' OPENABLANCA '17.1 19.9 13.9* THERMIC '136 59 165 '136 59 165 £ 224 ' 224 ** 120 # 120 ' XERIC *'PLENGUAVACA *19.3 22.1 
16.6' THERMIC '360 0 0 '360 0 0 ' 0 ' 0 " 120 * 0 * ARIDIC'PUERTOAYSEN '11.4 14.0 8.4' * 
MESIC * 0 0 360 * 0 0 282 * 360 ' 209 " 0 ' 120 * PERUDIC ' 'PUERTCMONTT *13.5 
15.9 11.3' ISOMESIC * 0 0 360 ' 0 0 360 ' 360 ' 288 " 0 ' 120 ' UCIC ' *PUERTOSAAVEDO14.4 16.5 
12.9' ISCMESIC * 0 3 357 * 0 
 3 357 ' 360 ' 360 " 0 • 120 ' UDIC ' 

360 ' 360 * 0 ' 
'PUNTAGALERA '13.6 15.1 12.3' ISOMESIC * 0 0 360 * 0 0 360 ' 120 ' UDIC •#PUNTATUM8ES '14.5 
16.3 13.3' ISOMESIC * 69 57 234 * 69 57 234 * 291 ' 291 " 54 ' 120 ' USTIC ' SPUNTACAPRANZ14.9 16.5 
13.6' ISOMESIC * 78 51 231 * 78 51 231 * 282
'PUQUILLAY '16.7 19.7 

' 282 " 63 ' 120 * USTIC * 13.8' THERMIC '110 44 206 '110 
 44 206 * 250 ' 250 " 95 • 120 * XERIC •'QUELLON *12.6 14.7 
10.6' ISOMESIC * 0 0 360 
s 0 0 360 t 360 ' 257 so 0 * 120 * UDIC * 'DUILPUE '15.9 
18.6 13.4' THERMIC '116 68 176 '116 68 176 * 244 ' "* 101 ' 120 * XERIC '244 


COMPUTED CY FORTRAK PROGRAM VWO8, APR 1981 

DATE 04/29/81
 



DETERMINATION GF SOIL MOISTURE REGIME ACCORDING TO FRANKLIN NEWHALL SYSTEM OF COMPUTATION
 
FOR CHIL PAGE 


* NAME CF * MEAK SOIL * TEMPERATURE * CUMULATIVE DAYS MSC * MAX.CONSECUTIVE DAYS THAT MCS IS * MOISTURE * 
STATION * TEMPERATURE * REGIME * IN * WHEN * MIST IN SCME PARTS 0* DRY * MCIST * 

*ANN*SLMMd'b.INT: 'ONE YEAR IS :SOIL TEMP >5 IN ONE 'WHEN SOIL": AFTER S AFTER * REGIME 
•* S * * 'DRY M/D MOI 'DRY M/D MOl * YEAR :TEMP > 8 " SUMMER * WINTER S 

•** ** SOLST. * SCLST. 0• 


'QUILLCTA *18.0 20.7 15.2' THEPMIC '129 63 168 '129 63 168 * 231 ' 231 " 114 ' 120 ' XERIC 
&RANCAGUA *15.5 19.4 11.7' THERMIC '121 63 176 '121 63 176 * 239 ' 133 " 106 5 120 * XERIC 
*PENGO *16.6 20.4 12.7' THERMIC '118 35 207 '118 35 207 * 242 ' 183 1103 ' 120 ' XERIC 
*SANFERNANDO -15.9 19.7 12.3* THERMIC *110 33 217 '110 33 217 * 250 ' 158 " 95 * 120 * XERIC 
*SANJOSEMAIP015.5 19.0 12.1' THERMIC *113 34 213 *113 34 213 * 247 ' 143 " 98 * 120 * XERIC 
*SANPEDRO *11.1 13.2 9.2* ISOMESIC ' 0 0 360 ' 0 0 360 * 360 ' 196 " 0 * 120 5 PERUCIC 
*SANPABLO *12.4 14.9 10.0' ISOMESIC ' C 0 360 * 0 0 3bo0 * 360 • 239 0a ' 120 * UDIC * 
*SANTIAGO *17.0 20.9 13.2' THERMIC '134 57 169 *134 57 169 * 226 ' 226 " 119 ' 120 * XERIC 
*TALCAHUANO *15.0 17.4 13.0* ISOMESIC * 10 103 247 * 10 103 247 ' 350 ' 350 " 10 ' 120 * USTIC ' 
*TALCA *17.2 21.5 13.4' THERMIC '118 33 209 *118 33 209 * 24? 242 " 103 ' 120 * XERIC S 
*TEMUCD *14.6 17.5 11.9* MESIC ' 0 3 357 * 0 3 357 * 360 ' 322 " 0 ' 120 * UDIC ' 

*TRPAIGUEN '14.9 18.2 12.1* MESIC * 0 92 268 * 0 92 268 * 360 ' " 1 *316 0 120 USTIC
 
'VALDIVIA '14.4 17.4 11.9' MESIC * 0 0 360 * 0 0 360 * 360 ' 311 00 * 120 * UDIC
 
'VALPARAISO 'I.9 19.0 15.2' jSOTHERMIC *117 69 174 '117 69 174 * 243 ' 243 " 102 * 120 * USTIC
 
'VICTORIA '12.9 15.8 10.2' MESIC * 0 0 360 * 0 0 360 ' 360 ' 239 5' 0 ' 120 * UDIC 
*VICUNA '18.1 20.T 15.5' (HERMIC '360 0 % *360 0 0 * 0 0 " 120 * 0 * ARICIC * 

COMPUTED EY FORTRAN PROGRAM VWC8, APR 1961 DATE 04/29/81
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DETERMINATION OF SOIL MOISTURE 
REGIPE ACCORDING TO FRANKLIN NEWNHALL 
SYSTEM OF COMPUTATION
 
FOR CHIL 


PACE 1
 

* NAME MCISTURE CON.O. TEMPERATURE * TENTATIVE SUBDIVISION * CONS DAYS CUM.DAYS * CONS.DAYS CUM.DAYS * 
* OF REGIME 4/D REGIME * OF MOISTURE REGIME * MCIST(2+3) MOIST(2 31 * COMP.MCIST COPP.NCI. * * STATION T>8 *• SUM. kINT SUM. WINT * SUM. WINT SUM. WINT * 

*ANCUD PERLDIC 257 ISGMESIC 
 • 
 S I SEOUDIC180 180 s180 180 
*ANGOL XERIC 222 THERMIC * TYPIC XERIC * 75 180 126 180 • $*ANTOFAGASTA ARICIC 0 ISCTHERMIC * EXTREME ARIDIC * 0 0 0 0
 
*ARICA ARICIC 0 ISCTHERMIC * EXTREME ARIDIC 
 00 0 0 0 5 
*CABILDO XERIC 208 THERMIC # XERIC 45 163
DRY * 45 163 
 S S 
OCABORAPER PERLDIC 225 ISOMESIC 
 * PERUDIC 180S 180 180 180 5*CALDERA AR*EIC 
 0 ISETHERMIC * EXTREME ARIDIC • 0 0 0 0 * 
CATAPILCO XERIC 230 THERVIC * DRY XERIC • 45 180 5C 180 * * 

*CAUQUENES XERIC 244 THERMIC * CRY XERIC 445 i80 64 180 **CHANARAL ARICIC 0 ISOTHERMIC * EXTREME ARICIC * ' 0 0 0 0 * 
'CHILLAN XERIC 173 THERMIC * TYPIC XERIC • 75 180 127 190 * 

'CONCEPCICN LSTIC 360 ISOMESIC * UDIC TRCPUST. * * 56 18C 82 180 *
 
*CONSTITUCION LSTIC 303 ISCTHERMIC * UDIC TROPUST. 
 * 75 180 123 180 * * 
*CONTULMO UDIC 360 ISCTHERMIC * TYPIC UDIC 18C
S C 180 180 * OCOPIAPO ARIDIC 0 THERMIC 
 * EXTREME ARIDIC * 0 0 C 0 * *
 
*COQUIMBC APICIC 0 ISOTHERMIC * EXTREME ARID!C * 0 0 0 0 •
 
*CURICO XERIC 160 THERMIC * DRY XERIC * 45 180 66 1800 • 
*ELTENIENTE XERIC 140 
 MEIIC $ TYPIC XEPIC * 64 180 116 180 

$FLORDELLAGC UCIC 214 MESiC 

*
 
* TYPIC UCIC I80 180 180 180 *
 *FRUTILLAR UCIC 250 ISOMESIC * TYPIC UDIC * * leo 180 180 180 

*IQUIQUE ARICIC 0 ISOTHERMIC * EXTREME ARICIC 4 0 0 0 0 * *
 SISANTAMARIA USTIC 342 ISOTHERMIC * UDIC TROPUST. * * 87 18G 162 180 * 

ISLAGUAFC PERLOIC 264 ISOMESIC * PERUDIC 
 * is0 180 I *180 180


OISLAMOCHA UDIC 360 ISCTHERMIC 
 * TYPIC UDIC 105 180
* 1 166 1Eo0
*LACALERA XERIC 228 THERMIC * DRY XERIC 4 180 180 •45 48 
 *
 
$LASERENA ARICIC 0 ISOTHERMIC * EXTREME ARIDIC 0 0 0 0 * * 
*LINARES XEPIC 174 THERMIC 
 * TYPIC XERIC * 75 180 108 180I 
*LOLOL USTIC 218 HYPERTH. * XERIC TEMPUST. 445 

* 
173 45 173 * •


SLONQUIMAY UCiC 189 MESIC * TYPIC UDIC 
 180IS 180 180 I160
*LOSANGELES LSTIC 207 THERMIC 
 * WET TEMPUST. • 105 180 171 l180 * 
SLOSANDES XERIC 209 THERMIC * DRY XERIC 445 164 45 164 • 

*MAULLIN UDIC 249 ISOMESIC * TYPIC UDIC • 

• 
* 180 180 18O 181 * 

*OVALLE 
 ARICIC 0 THERMIC • EXTREME ARIDIC * 0 0 0 0 •
 
*PANGUIPULLI UCIC 280 MESIC • TYPIC UDIC 
 10e 180 180 180 •
*PENABLANCA XERIC 224 THERMIC * DRY XERIC 445 179 45 179 • •
*PLENGUAVACA 
 ARICIC 0 THERMIC S EXTREME ARIDIC * 0 0 0 0 •
 
*PUER7OAYSEN PERLCIC 209 
 MESIC • PERUDIC 180O 180 180 1eo
 
*PUERTOMONTT UDIC 288 ISOMESIC 
 • TYPIC UDIC • 
 • 180 180 180 180 * 
*PUERTOSAAVEC UcIC 360 ISCMESIC * TYPIC UDIC • 
 • 105 180 177 1e0 *
 
$PUNTAGALERA UCIC 360 ISCMESIC * TYPIC UDIC • * 180 180 180 I8O * •PUNTATUMBES LSTIC 291 ISOMESIC • UDIC TROPUST. 
 * 66 180 111 180 • 
*PUNTACARRANZ USTIC 282 ISOMESIC • UDIC TROPUST. • 57 180 102 180 * 
OPUQUILLAY XERIC 250 THERMIC • DRY XERIC * 

• 
445 180 70 180 • 


$QUELLON UDIC 257 ISOMESIC S TYPIC UDIC • • 180 to 180 180 $
 
$QUILPUE XEPIC 244 THERNIC 
 * DRY XERIC • 45 180 64 180 * 

COMPUTED BY FORTRt. PROGRAM VkO8, APR 1981 
 DATE O4/29/81
 



DETERPINATION CF SOIL MOISTURE REGIME ACCORDING TO FRANKLIN VSWHALL SYSTEM OF COMrUTATIOK
 

FOR CH**L 
 PAGE 2
 

* NAME MOISTURE CON.D. TEMPERATURE * TENTATIVE SUODIVISION % HS DAYS fUM.DAYS * CONS.DAYS CUM.DAYS * 

OF REGIME M/D REGIME 	 * OF MOISTURE REGIME 4 PIST(Z+3) HUIST(Z 31 0 COMP.MOIST COMP.MCI. *
 

* * SUM. 6INT SUM. WINT SUM. UINT 5dM. WINT *
 STATION T>8 


4 180 180
'5 51 

*RANCAGUA XEPIC 133 Tk;ERMIC * DRY XERIC 4 180 180
*QUILLOTA XERIC 231 THERMIC * DRY XERIC 

45 59 

*RENGO XERIC 183 THERMIC * DRY XERIC 445 180 62 180 • • 

*SANFERMANDC XEPIC 158 THERMIC * DRY XERIC • 45 180 70 180 • * 

OSANJOSEMAIPC XERIC 143 THERMIC * DRY XERIC 445 180 67 180 • • 

SSANPEDRO PERLDIC 196 ISOMESIC 0 PERUDIC a * 180 180 180 180 * 

*SANPABLO UCIC 239 ISOMESIC * TYPIC UDIC * a 180 180 180 180 * 

*SANTIAGO XERIC 226 THERMIC, DRY XERIC 454 180 46 180 0 ) 

*TALCAHUANO LSTIC 350 iSOMESIC • UDIC TROPUST. * 95 180 170 180 0 * 

*TALCA XERIC 242 THERMIC • DRY XERIC * 45 180 62 180 * * 

*TEMUCO UDIC 322 MESIC * TYPIC UDIC * * 105 180 177 180 

*TRAIGUEN LSTIC 316 MESIC WWET TEMPUST. * * 5' 180 88 180 
* 180* 180 180 180 •
*VALDIVIA UDIC 311 MESIC • TYPIC UDIC 


•
45 

*VICTORIA UCIC 239 MESIC * TYPIC UDIC co 
TROPUST. 4 180 63 180 * 
*VALPARAISO LSIIC 243 ISOTHERMIC * TYPIC 

* 	 • 180 180 180 180 • 
0 0
0 THERP'C EXTREME ARICIC 00 0


*VICUNA ARICIC 


DATE 04/29/81
COMPUTED BY FCRTRAl' FROGRAM VkO8, APR 	1981 
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Appendix III
 

In this appendix, eleven pages called a data sheet packet--an
 
expl&riation is included. If you have any questions concerning
 
the data sheet, these pages should be reviewed.
 



z0 

DATA SHEET PACKET - AN EXPLANATION
 

S33rLI ass L01Z-SIRLITL. 81111). B3SIC TI1RC DISTAOC UIAST 

s 7811T-025 -002 ShIlLS 80. 71P1791 - 1796 DIT 6/ 5/9 0. . lrllTli8? OF 10GRICOLTOI 
SOIL COlssr51110 S [1 CI 

SOOOSOL S2ODI WINDA81N COUlIT 1I111L SOIL 11121 L118DOUOI 
LOICOLI,, 11131111 

G033015 Lim0008 ISi1. 21 23 

-]-	 -9- - -1- -111--I-- -2-- -!-- - -6- -7- -d- -13- -1- -1- -7- -14-- IS -17- o13- -26­

-TOTAL - - - -CE?-( -1 - -SI- -t I-- .- D -Sli-.-.-- ) (-C¢lUS YA11C?10(lal)-i- 029311 
C.L0 SILT 16a !OIo CC3 f1l COLISt Il r 8 C IC - - - 88IOMr - - - - o 

1UUlJ lIN D1TS NC110oN L .002 .05 LT Li .002 .02 .05 .10 .2S .5 1 2 5 20 .1- MPC at 
g0. II. (CIa .002 -. 05 -2 .0002 .002 -. 02 -. 05 -. 10 -. 25 -. 50 -1 -2 -5 -20 -75 75 10LI 

< ------------- - 018 3411 - - (75l(3l1)- SOIL-	 F 102 - -*---------- I- OCT 01 

781791 Is 0- 5 11 11.9 38.5 81.6 22.4 16.1 12.8 11.7 5.8 8.1 11.6 7 13 5 53 25 
781792 23 5- 23 32112 10.4 39.0 50.6 21.2 17.8 12.1 10.8 5.5 7.8 14. 5 27 8 88 93 
761793 35 23- 35 322 11.3 82.6 86.1 23.4 19.2 12.8 11.8 8.4 8.8 10. 4 11 19 S " 
181788 15 33- 50 823 10. 38.0 50.7 20.3 18.6 11.8 1.8 5.5 9.0 15.0 7 20 37 78 71 
781785 55 S0- 61 53 7.8 23.8 60.8 12.7 11.1 6.8 8.7 1.3 15, 30.5 10 25 35 00 79 
781798 65 61-117 2C 5.7 7.8 06.5 4.5 3. J 3.4 10.0 12.4 37.4 33.3 10 30 31 6 85 

008 TOTAL 31I 01TOT10 - D010CU- -I J10O/CLAI| 1381 .IOtTI8 ) 1- 8013 -i CCLI (- - -.8133 C0N11 - - 1123D 
C I 3 IO3CTL 35 - LI ZI" - 7 LLD 3/3 011 IlL F 1/10 1/2 I8131 a A 111 1 

ShiI 1 11 L 188 CC 31al . 11 0o00? 3&0 DIV SOIL 802? i ilk SOIL0 31 
. 80. 6A1C 6113 6511 6.31 6C21 6071 602A 801 D01 I81 1f 84.3k ID 8113 801 888 881C 81C 882 4CI 

- ------ PC? 1 <2iA - - -- ---- PCT <- - -) (- O 81 -) Cl/Cl(0.41,9 - G/CC - CA/CO -C? (2O 

081721 I 5.55 0.2008 1.8 0.3 2.81 3.32 0.10 15.7 
781792 2 2.81 0.113 1.0 0.7 1.16 0.12 0.9 1.01 0.010 38.7 0.6 0.25 
781713 3 1.3 0.06 1.6 0.5 0.63 0.60 31 1 1.17 1.20 0.00 30.0 6.8 0.27 
781708 8 0.51 0.053 1. 0.8 0.55 0.51 3.20 5.5 
781795 5 0.58 1.1 0.3 0.62 0.58 1.50 4.0 
7817116 6 0.41 0.7 0.2 0.63 0.,3 1.60 	 5.3 

....-	 18
(- AC401C I0TI0CLOLS 1355 -) LCID- ITI - CRC - - - IL -S0E SI?- C03 01 83. fm - - -) 
ClA I 1 SOn ITT XL S0 124 8OASIS SI? so 69 CiC03 OWNS CICL2 i20 

S1111 3l 5380 45a86 5: 1 5581 aLU CATS OIC * 03 0IC (311 /C1 .01 
80. 	 80. 6821 6020 60923 6023 6820 811 531 501 5133 501 SC. CI 6110 831 C11 I1A 

< ......... .... I / 100 8 - -)---------- <.- - - - -) 182 111 

71701 1 0.3 0.2 0.5 38.0 7.5 39.8 33.8 8.0 94 I I 3.2 3.5 
781702 2 0.1 0-.3 22.0 3.5 2,.1 13.1 3.6 17 1 I 8. 81 
781703 3 01 03 11.7 2.2 11.1 6.8 2.2 100 05 23000 8.3l.221 
711179 8 - - ?a 10.2 2.0 10.2 1.7 2.0 1000.2 03 08 8.3 

81705 5 	 7,6 .1 1.6 8 .*1 I00 08 03 8.8 8.8 

719106 6 To -1 5.2 0.6 5.2 3.6 0.6 100 T3 1 	 6. .94. 

. . . . lllllv0?.. .. ..
I- ...A -OPODIC. 8000003 TClTiL. . . I 	 ­siogno IZZ 1810------I3---------10310-	 ­

f.LJ.1 of 	 -. -D? -I DOErl IL 11t'IL IL*C 1- - I-Fki - - - - T0T 
110118 OZl (- -0050013 ST- -) ACCUR a3n I31l 

O 0 , 1.601 C51 6G5I DX-C1 PC? PC? 712l 725 128 7123 713 713 7311 731 
(- PCT OF <288-) YEL CLII CLI? (- 31TV I3O1 -) IC? - - - -)0 	 -­

181701 1 1.1 0.2 0.6 0.1 1 7
711702 2 1.8 0.8 0.5 0.8 0.3 0.2 3108 
7117093 3 0.2 0.3 0.2 13 73
781708 8 0.2 0.3 0.2 11 15 

7117535 0,2 0.2 0.3 0.1 83 
78116 6 0.1 0.2 0.3 0.1 132 

FIL C01T81L 510011 Dana1 25-100 K CLAT 7.6 PC? .1-7591 18.. SIODIC 01103t I11N OF ACCIEUI. 0 

IS10I0D 	 lOLI DENITY 13 LTI I. 4 5. 6. 

110130s 5- 1" O3 SI230 <283 I51 
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DATA SHEET HEAOING 

SaRVICK
 

11A,L1D la LCANII-bIuLITAL, 139, ISzc WIFIC DISVIOCIal
 

I 7611-021 -003 SAULZ IOB. 7611711 - 1796 DeI OWU. 1r7I. Of
mI. CDA BTi 01AICI1,123 
OIL COUIIAfl OI SZRIC¢ 

S"6603L 11" IZoDlui COflI3 1IZOILL Soz S11N1 LA10."211 
LINCOLN, IIIIsIAl 

11iNaL SIOD Isla. R.AI.29 

Iimothe soil Sarl4. p doi sampled to represent. 

Samled &I
 
CIas'oTf'catlon (field) of pedon at time of sampling.
 

Pedon number S78 vT-025-002 
S special sawpl
 

78 * calendar year sampled

VT state where sampled - 2-letter FIPS code for state where sampled
 

025 •FIPS county code r
 
002 * consecutive pedon numer for calendar yea ' for county
 

Semplenumbers--NSSL assignad numbers.

77 year (;Y)
 

P : permanent atoragc of data on NSSL Computer disk (T - temporary storage)
 
1791 •lzsP our digits is consecutIve sample number (NSSL)
1 


Data-date of pvintout 

Project name and/or ccJulty xa&jVlad. 

Genarel mthods for soil preparation--ses SSIR No. 1. 

-enoral con.,antions. Unless otherwise specifled anslys*5 are calculated to an oven dry wight bile. Therifore, If 
analyses are reported on a 22 me bass, It means that analyses are on all particles < 2n mn Is end results are 
cllculated using an oven dry le le weight. Conversely, ir the analyses are reported on a whole sail bass, It mans 
that the analyses are for Ill prticles with coarse fragents Included, and are calculated using an oven dry sal 
weight. 

Footnote
 

f AiILI . cTU DIiT 25- 71 IC? CLAY 1 VC? .1-7300 2COITRL Som 

ASALlSLS: S- ALL 01 Sl11D <lAS BSU 

BINZlfLOGla Ilp Or aIssAsL 51 MICA 5? 1S0ITBORI0L I E1oLITlS CL CILOl12I 01 00152a 

IL&TIE AMOUNT 6 I1D3ThIIATI S DOINANT e IISUD&ASi I 1OoDAi IIALL I TBACl 

Family Control section: Depth limits of control section; calculated weighted average % clay of control section; and calculated 

weighted average % 0.1-75 mm fraction for use in determining Io)my vs. silty particle size class. 

Estimated bulk densities for lever: . . . self explanatory. 

Analyses: Tier 1, column I provides explanation of aoll preparation code. 

Mineralogy: Identifies clay mineralogy codes end relative amount codes. 



I-~~ ~ ~ c--i~ziT~ ~~x-,ii--4 -

CLI! SILTI 3101,YveU c rZ3CUS i P U C~C --­ hh - - 3107a 

-T---..--IC 2as (31 >-) (P CT t r 5ieeArnp-> SOIL 

5 0 2 11. 17 52S~l11 3AS .*.2.5 1.6- "'.I 1 12.0 5~'0111.6 U3 25 

Geerl;pitwocoieieun~ubeedco 1r1 . are't~ ea, te Tho' fofr taCo mon heJrrleft £l theiIHSIL-s~ 

Lmb~r~thesecondtnr, Isathe h~orizon(,ninar. Except for columnnsU~I te~*setri etdosz ncae~fr
 
mnt~data Par tiC aeI ze distrlbutlun (cobise-5)~ Is reportedZ onth, ( eZ frctonnd is determined after degstrutIo
 
of, orgeni1 t t ar, wahg fre oui~et drying th.SWie e4ndobtaining abass welght, en diseoralon wt sdt 

ea~mets !phto 

CoiiI. l~te 	 iattor prop&rtolCCSace horzon~L~arfor. two 
s %-'tanard-proparatlon. Core -rat V 2nmweigahad aM di dfomMR l shIe top lab. 

*J-1S ,as-S!,butClod parsmetens ,(tior 2,' coloans *12-14 rsportad ecI fe ­sam 	 and'15-115) .n~Ihole bae , 'lused
'I' InsOIIS~wIttflsoft shai#,7tuft. oi otherwstar hodIflg'coarso fregoents, .I 

!5iK-sw4 asisSe ,xCopt 2-20 orsctiono~are ground 2 noand Analysfo2of 0 f oanito' kept. 	 is combine 
wI a~nstysie2lofJ'2 meand 'reported aeI 20 M eboase Often~used forcaIciL carbonatea&nd for gypsuim Ia. 
~caliciorlzowIth hdic@41rtiofls, see SoiI.Taxonomy/ rp. 387. 

S$R*ae'a as, 'S xet22~Ufstol~e~bf~Ith < 2,miractln., -Rehlts eprtd'on < 20 em base. 
t. 	 P *ertiresmp lelground, Results reported onwhoie soii~base. 

WP * except v fracttons s Iieyed and weighed before griIrdiNg wi thAisneas 1,JOP" > 	 to < 2 marid recoibin 
reported sol Ibase.­C2,rns aerll, Results on wtiole 

CoILumn2. DphI i, 

column 3;1 oio oain rbcnmesaeue ns tof oan tmrIs Printed horizon designation mey be naa 

sic onl si pcs4vial or notton,Tentr nton s~ storedIn cowputr. - , 

Coiimwn~54.Atotal clayParticle 0.0 mm. Soifrt o and piet nlss
 

CoILi . taieCIy-

CIW61 total tend. Partlcil-O ',05 M, to' 0 M, ,Vove anelal s .~4 P~
 

Co7. Len n cly-Particles,4 0A02 4 m. Centrifugation analysis.
and pipeotte ' 

- ojLomni6, carbonate cIsVy,Carbonter(4O002mx;"sedlsenttio and pipette analyall HCI treatment, and CO volutlon. 
a. So* Soil
ros co 4to btan 1noncarbonste clay -Ooin datermining taxonimic particlesie ~clSubraced 

Coumn. sfin sit. Particle$ 0.002 eMto 0.2 m Sedisentatlol and pipette analysis, 

Coluan~10. % coase s lt 4Prticloe 0,02 Ranto 0.05 mm. Gydifforenca-coarseaslIt- C100.( clay,+lofneeiIit4*ssn~ 

toO0.1 mop.'$lve analysis, 	 distinguish lomfty
col,umi . ,Yery fine sand (VPS). Ptrtlceso0-	 Treated esailit to and si lty 
f44~particle siz clsses, See Soil TsxO.nomy,-p,3.
 

Cam.2, --' tine-land (FS). Particles 0.1,em to 0.25 ,..- Sieve analysies.~ 
4

Coiw 3 '_aedluim sand (MS).' Particles, 0.254wmmto 0.5 e,4 Sieve analysis.44 	 44 

Coe i.'coreand (CS). Particles.,0.5 to 1.0'M. . tSlve enelysisa.
 
Clm15 vaycoarse sond VCS). Partcel Seewo analysis.,
 

Column-1Weight 'a coarse fragmente 2 em to 5mm, Reported on 75 em base, Sieve analysis.-

CoILo 17. Weighit %acoarse fragments 5 Rimto 20 M, Reported on < 75 em base. Slave analysis. 4 

Coiemi-I Wight fragments 20 mto 75 e. Reported on 4 75 eombasis.Slave analysis In fil at et20 kg18' 'Coarse 
4sapled needed) or calculaed fromvlm slae. 7~ 4 ~ ~ 4~­

4~ oiae1,4 eiht 'apaticles and f::;nt 0, mt 5 m!eote:n7 m ae ivepanalysIs and/or stimates-of. 

20,e ract on. 6Usdto IltAg I h:loemy and silty particle-size claes (Sep 5 Sol I:Taxo y),
-

A-Col unn 20, Weight '%frageents > 2 eM. -Reported on whol aoIlI base. Includes fregmsents' from 2 nomto 250 m Wlnsze, Calculated, 
Ibase by formolat
f-	 etimates. Used to Convsrtlanalyislon4 2 No base towhole soilfrom sieve analysis end volume 

4-4, de~clttam datuam -. 'l 20/100j - 4whole soiI <-2 max 
-
diluents In this equatIon.
;4-44Coarse fragments assumeod 
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V 011-W iioil X0*oz2 

galiiim oI. -~~6 y~IIXIaS itJaLD i1iiju 1jVU11-aua10/110-~iuct -.

ilI IE i. C- a a Iaig , ia l.5 ,e u:" ."I". 

General U s al s ted, an. ams re sprtedon 2mbasA 

Cc .%,O~rg le ca at combustio analyals, ii a Sak*Nllp a0V cca4nbI tatmt a 

tI.~o~rbek. 

Co t ' kextractablD Porch Ior ICac id diesto oytotal Irnoptaroa Praa t determined atHSSL,
 
Ca I .'4 tMAI I~ o lt in Uufr~saIg
, ae.ptn adtacIiy:Inau'dcaal~sormine 

kufr,-, Lc-q tIsn, ItrltcO Iron sa na ha(1O- so to 

1a Dthiantt-ittstr a Irsodc on crtsccon 5m 0o t trsctabvF'-C) Comn IycIale f n sd nr ar-
CalI a 01Used aai ' bar I o-ncrItorlain slpodlca 


Coim e inea 0 at-
a ttextractable
 

Cal8, EC7 Iasrat Io. Rati oof,CEC-7 (TVmr .3& ottica~~rI c~, N vtY oftdt~Cti~ Clay, 

CoUti 9.,. Rati (Tiar ist to cloy (Tie 4 f-bar clay~rat a.. ofa I$-bar wae 2 . stl 1a c, a; 1orgonlclcarbon/clay,(Tier 2, col~.1/Tlr 1,co bbts lti~')6 
aooy'mhdcato a dispersio problem., Ssee~p38'., 'fooar oIS 


Cau,1 q idimit reported on ; 0.4 welsbasaUsed In Unifiad and' , ongInmerlng classification&-


Cauwi ii Plastlcitylndex reported onl( 0.4 moobass,. t&by IIquIdIlimit , 10 upil~ o Wt
CalIcuIa (ccl I 

Unirod, and O,eninering ciassi lcatlons.'0 lupati i,,sde
 

Ca 'n13.Sukdn 't content g/cc (dr v I. Kessurtcdon naturalfmniccCi .
tfleld moisture wt. /noaI it , 

j'Colum13, buk -desity at 1/3-bar a'r1/10-bar moiature content g/ca d w.oaca~ ssre~nntrlfbl~id 
aw hsvs. baormoisture (tier 7,c 19) 


'Cao 1eo Oven-dry donsltyg/cc (dry wt/dry vo[,I Naasurad natural, fabrlc clIad,
 

Used on SC-3-SOILS.5,, 1/10 bsrs n sandy toils that - 'cl <~ 5% throognout' 

I ., bkulk an 


Ia IS.n J;,Caeff h'101bass.
'15 ant 2f.Inosrlxtanulbllity wrte~ Calculated fraaIncrease In'bulk~d nI ty s~twes IIlt,, 
(i'Tir2,,col.13) and~ovsndry conditions (tierl2, col,14). Ue ndtril srn wl aatar 

tenslbiIlIty
'SCS-50aiU-5 ortote I potent IaI Inear extent I I ty fcr vertlc subgroups.~ Total potenti I aqua I 
notr I on4 thIckns ,In cr !x COLE; -itmved fr ach I~no on to, the depth~in queat ' (asesa noalargecrackusbewn lChat coarse trogments'Are dilunsa 


Cot lm 16, Vaight'afloid~akolstur .content (wt. H2lr t. tol x 00! ~
 
h~;t "OIMtU. H2 nnatural fsic~i~ 


~ai'-drynessand 1/3-ba ealaturs andl 


tu,-~f~ Jioe.,CojmI'1 digt .l Co1trercontent7.ret at 1/10-"ar torsion. C#Iculatad from'wacar, Irid fabric clodsfo
7 An clayey soils and~from water In < 2Sansteel for snaly Sol ls , Usedto reproent,fitldcapaci ty or sandySol lI,, 

CoILeaI&;. mVigIt Namoisture contsnt at 1/-bar tension. Calculated from wstar retained In natural fs~brIc clods.~ Used 
toirepesant Ild capacity forlauanciyys s'a
 

Calumn 19. weight 'amoisture contant at15-bar, tension. Calculasted from war retainedIn 2I mnsaolI WIs~, Reprosami
 
the IItINp t
 

Coltun 20. 'WVt~r e aentIon 1ffence VRD) Reportid Alljcm ofwater ber cadepth of saillVolume fractlon fa0rM~i salo
vtsr &or** n 11 bar and' anupper Ilmit, usually 1/3 barJ but 1/10 bar far sny Sol Is. After adjustment farSalts 
'(tier 4.,ccI . 11 aIt' sheet) adro-ot oxfalistlon, VRD provides sat~mats of &vol table Water spac~ty (AWC) 



- 6-.10-1: 2 15 - -B-1 -20­

- uslil I~ CC Ili 
811 iL50 *5 I 1i *MiECC111. !11:1/5 ~ 

so "I a 13 
92 i 1 . 522 0 20 . 

CAas : ~ a- i asaca 61111Wscci 41Osus m oo 

Goeer Tehl a cd atdt he fora. The Irat t te , re srthesint oma'bt
dIIfor A~ ano I51n$i~ a101"portedo h 2 bso." Cotuine I rug las" oatactb n~ao'ace ats Cd)I EC-7 

Co0 1t & -I)~is le a Fe 100 g f ua is ,sgy su f * l /as Coww IeVI. o m vtoi at actabJ xt/ . e e t r to 
(ct,~bJu 0 xUt~ccit,,nsg, In~y(~e~don ty (tjxI(VI kol
in/100)I',
 

do ~~'(g mkooc e0r0ct. a g omwrklQ!)meq/00
Co'IPI Ac.,atractgbla ofikO!:Ccefon.s 
 5 tos testCfort to. Ca/onvertok/i00g KI teca
 

d2jL a .±- ox rata a byNNa;C(cl 
Caltatert6. os ltyeard e/1Og fo ;r

Co ant rw tA)4est1 K ask, oatsotsormopatssiwchl blK) woq/10
Aoy tt e pret (Vo4s 

. ep ,tKb by"NCalCa fna gt onmissn, +CCs?) :itasa N~'xrcalbseCo n 

COLeon.5 CEdat H7 (CEC-7). Maceured by retentf ~of ageOnial bysoil' at p47r
COam 10.~ACd~shost; iee plloPUS 1atal es1Al (dC.-nbuffored), CacKtCI 

I caedbcuodkI~ eACotractablo
esoa 'bo
 
CoIogn Ucltn! x rcentaogeIP) Na(a , R- (o* 

botnd ch t 0 tgInoIpIy ractslloNoaileadjusted for. soluble He(Tlor,4 col"3) Ifpresent,-HH%0AC vlletracttothac~.0 ' - C:CIted chantabeo - EtxtractablseYr meCtC 
TIr, cl-10sslt 1hlet)$1@ 00j Used 1 a tri horizoa 'Crlterl
CoLeanI-Acid sheet, oaluminum saturacl on Cacatby,dvdIrQK1etatb'Al (cat.,7 bybatospIUe Al'(col.0
 

4 edxvltiplyng by 100, Coneldirod r ,II
 

Coan;1 -alsht oauAbsorption o oS5. A.acir ol3y a 4 g!CorosI$, ACrit rIe r natr c ROr ao~nue~esoslga me, SitUP to'IseasCuellItyof Irrlogel wteItprobi 


Cetia . by divdn
Cot uln12. basestration,sureof rCa IculIated suitofbass(col 5)by CC .2(col.6) admultiplying100_OUsed Inmost alflc iuoparatlo Ark Soil ITaxonomy L, 
CoIsnork, Isaturation,'e" OAC Cdalculated
13 bat by dividing Isebofbaes(o 5)by CEC-7 (Col. 9) omatiplylsg by10oalIIc uomrl ankdauUse inI , tro-dyttro breaks InSolITTaxonomy. 

uI 

Coln-bcalclu,1carbantoe quivalont,' Caorbonatesof Csa*Nanalyzed. Expressed easCO eoulvtent. usedt tes
daccolons ad mineralogy Class. ~ ~ -

Cotnar15. aleestvlty Oli/ce, Otom nd an saturated pasta. Usedto daeomine potential hazard tar corroeion of uncoated 
still,~g 

iesyau(2a~bs.~Usdto datanolne p-otentioleases gYPl nor IIns andta~inslgycrss '1 - ,C.,~ haar frCorrosion of cotealot 

Col~tl.
uns 7Ialt sheet, %'Cas,-as gypsum 20 
 base.Used Inmineralogy 387g-toTxom 
CO Leon11 AiSha.PH 1:1KN f FP.KC1 pIPHUddias ndlcItoof'not negatlveI 1 w It 1#ssethancharge.dommonlIY
PH .In1:1lotI-wster suipansion. MaFp44,10Indlcotos presence of structually wek Alassociated wkithoa
Organic lockhanea,
tattr or-rhalloyolts.
 

CoILontl, Salt het ­ f auae paste.
 
Coln 15MI.
PH In1;2so chlorideo1.~1 AecalCluwk (CedI,) suspension,"oks Iy Used to eliminate possile saesonable variationsjn M.bout0.5 unite bolovk the I- te H(o.2)bt may be greater foracd ols, Reats ,-
wth bass gaturation when 83 ntheI,0theanormagallCIishanelyI~bs~trtoI~t -itpeI ifSo CIto p4 (co0 0)1 bas stro o d sogols, 75;1rReae N1a 'IPl y saturateaturta wih a. UeeanInreactln sa.-eeo4 Soil Is)7sITaxonomy pp. 3 1, 390, 
dioln:,2 4H Inr11gt -ai suspension, kNormasIly varies according to sor, th V%& ~Iaeoto ~ 

I 

http:AiSha.PH


Th 

~~I1~a 	 k1015 16. '1733 IS-­'11311CAI5 

C 12 L #1~jkL,4Y1#L LLC 01RI _P CLAN - -SN TZ kCCgs-.t 	 -1 --- iI O oA o30 0. 61IA65 zc c c,727u 7157371 1 aR 51 

Luz 5 AICO3, CL'? 104 F2 520 ALTSC31 5M-­
so5~ ul 01 *PA950l iiQ 6.81, u ~CGI 1,lSse 1172 *172 71o3 71% &Ill Ila' 
75 jb14,3 0. 7 0.3 12 56.60. J, uj6: 1s 3.0,'a 3' 1 It Is ,a A 

Ge.ner trat,12 coilagI of!"thea cld ands.at' data, shsiffe aedshmdepran tl Ilanalysss n tier,,
except mineral o y are rasportod on~the <(. m~mbs~ymineal Nyl raeported on toa0 cay 4 

base unlagaOthoti,.Gain 	 areog, bass of'-jhtad, 0 counts ration(s)r Apedled inh4adng., 	 4 

A'I 

Ca Im sodiu PYraPiosphats'(01 A He P0 7) xt actblsecarbo, (C-pyro) used*I '~spad Ic~hrIz onc r terie *It
0.1WF-Pyro (cl_
 

CqI 
 2, ;%~I 	 ra se Inrpd~ioload, beIy onesdI 
'soIan4 d uA~pyr Iphophats'Iatract b leI ronlm3Aipyro Used~ n
spodIc hr oncritei, su
 

- SolaC uspyroposphac eteracablealuinu I(Aed'npyo Ud~cIn,
zopo c teor Izoncrt 

ij Colen 5, 	 Pyraphoiphsta aA/Clay ratio, Calma ated bydvllgdipr FePr cl +)b i i A )UssedIn podic horizaon critra vligV-yoeIpr cl,23~y lay (:ta I', c ) 
CoaI , 4ProPtoosplats Al plu acarbon/cay raio. Calculated by divWd1n C-pyro + Al-pyro (cols. 1+3)'yNca1,co ).,Used:Wen 

CL..,7. l 	 index'of accussulatla-n of 2PO-dic horion, Calculated by subtractln 1/2 clay s ir1, col. 4 ) frm IC*S;2
(tier 3, colt 5 and eaulIplyIng by thickness (cua))of subori ion.' oa susof*I 


(tir .. cousan2 ( 0.1. 

uhor lmns of spodic,'On~ae~a~iTe . 2for I I.aIta o aspodc.ro 

Coil.ag, ''I are soluble cstlonsAndsnlons (&&I ts)ln-awaer extract trs saturated soll paste.,~-
Coltuan 1I Water soluble Ca "c.q, 	 ' < 

.' ~ '~k 

Col umw 32 atersoluble l e" q/ I, 
4	 ' ' 

AI 
0olten6. water soluble biaoa t (Heq/ime'q/1(
 

un ater soluble chlrideatColI 7 	 (Ca)"q/.~ l Te~,cl 0 s e5mne ohv etaaen 

Colltown
9, Water soluble bitrbate (NO
3) a q1 	 >1'- ., 

<Colun ll % talesoubl ehcrd Is&'i&I oj' e rmcrdci~t'acu E bv o . t 12 sll: sheet) s l 0 n 5- i.1 	 a w h * . ~lt'eeclmatur ati tact,~biTot
. extri a ,IteeCo)~e/!.7 -'>;33 +~1224 (1"C <: 4<:1'4"-~ 0. 51 . 0 -

eiii0. eli~t 	 w te (coln 10 sel shoot). 
,t.Column12. 	 Elctrcalconuc (C) x Perenc faus tof a'4i fraturastie turactmon e-. s a co nrtyoe/ (oa I6 

Lan 
 T ofcla oifnernut~iy I I .12 It, sheemltt sgta'416eative otal s m -trc,2-L als 3 moa t,4-w. of sto-n sts 

Celinis17-I."
uanttatve uts f Clay minerals Inpercent (2flffrentialI1harmai7Anayag5...oA) 
 '''44 
coun1.I oa resistant minerals. 
 Optical count oP mInerals Indominant fraction (slit orssnawd). used toassetsIs1
fail mIneralogy class'''4 '-'4""4"~-<4'.<. 	 ~ 
Column 20. ~ swatheai'ble mlneral frsctlon~e) I----~ "4 In'dminant Indicated-cl, - - j, 7 .4 ~ ' ~ I' 

% 
44 
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4rtI~Io1:io191i~ o sls _F 'Cot4. a deta'iar 1, 
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Spos... Il!O, -7~~ce

0.a10qlco, IS21 ' -14- ,2 70~81) 
. i ail'I l ; ,.. 

c 	 . a N 100 11 ... 0.0a. lCI.4u i dat I ti 1
 

Covj o(C~tcay 4 . 11/2
~t lo. 0" 

a pqi.0(S.40yrj Con*lo. olmAC.,S' c ~ ', 

C. sms0, sail ty. oo lir 1,~. to 	 " 

Com:2S4rItraIC t~o 1~,. tot) 0110 Of' 	 1O ioi Ioal 111 o 1 c-.iat Yats.15 Q/ 15) 

Io lO.or eItO.0m 

uoi~ y o~ ~ isaoo r ~k oo 0 f 0 rndAiK't 

1, pdtyaIt Icg SnoaonColsI-1 nu ,SsIo odohog at SS 4 0
'id s 5 ts .11i." - ooOily 0411 clJ" ol.1"itsee 1 
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Example Pedon I ACID SHEET
 

00IAID 18: L0180-SKIMLIL.11 1), 8:10 I0 "28OC"Ii' 

1 77II-021 -00) SAWLI 803. 781 552 - 554 OOTF jo ou1 S. S. 055A8118I1 01 AOSICOLTUSI 
SOIL CONSIIITATIOI slovi€1 

COOK M80ST. LOUIS COUNTIES IT88 SOIL0L30VT LA1308T8S 
LIUCOLg. 51124311 

OIIfAL ITIOD| 11. 21,. 28 

-1- -20­- -2-- -3.-- -4- -5-- -0- -7- -8--- =9- -10- -11- -13- -13- -14- -IS- -1M- --1- -0 ­

- -TOTAL - - -I I- -CLII- -I I- -SI?-------......---- ......-- ) (-COINS& 111CTIo"(In)-) 0>210) 
talT 0NT S 1 NID 311 1 A R C1 .03 - - ....C - 1...I1 I 

1189U 813 DIINE IOIZOr LT !002 .05 iT L? .002 .03 .05 .10 .25 .5 0 2 5 20 . 1 Cl? or 
SO. 80. (Cl) .002 -. 05 -2 .0002 .002 -.02 -. S -.10 -. 25 -.50 .1 -2 - -20 -75 7S IOLA 

( ---- ----------- -- T O1 (213 ( - -)- ----- ---- -(- PC 0T (Of l(INIM -) SOIL 

17.8 3.5 .7 2 35 0 
78 553 25 10- 22 8211? 1t.5 82.8 37.0 28.2 18,8 7.1 8.8 8.0 7.3 0.8 8 16 21 67 61 
78 35 33 23- 38 32211 12.2 23.2 I5.55.6 7.7 6.0 7.2 S.3 11.3 38.@ 8 6 29 7 54 
78 555 85 38- 62 83 8.8 40.5 50.7 25. 14.6 12.0 11.1 8.3 8.0 11.. 5 30 86 52 
7 S 56 5S 1-122 CA 12.7 81.8 85.2 31.1 10.3 10.2 10.0 5.8 8.6 11.2 1 12 27 661 

78 552 s 0- 10 I. l1.' 51.2 32. 36.8 1 06 8.8 8.0 5 

0308 TOTAL RITS TOTAL (- - DITI-CT - -) (TIIO/CLAI) (AT?8830 | (- L3 DSS1T COll -lT - -1 I0'a -I (;- COITIT 
C I 1 8 EITSoCTI3L1 15 - LIMITM - 101D 1/3 018 t 11O 1/10 1/] 15IO1. IiOLS 

SA10LIS I1 AIL& i CRC LL 81 ST 58S 351 SOIL N05? 883 883 SIS SOIL 
MO. SO. kAIC Asi 1& 6134 871 6D21 801 SD0 8l IF 8138 810 81 1 838S IC 881 882 81 

--.- - --- ICT O <201--.......- C (0.88 (- - /CC - - -) CE/CS (- - -PCT O <28 - -) C.E/'N 

78 552 1 8.35 0.260 1.3 0.2 1.7, 1.24 0.10 16.8 
78 553 2 2.27 0.1 0 0.0 0.7 1.05 0.12 1.08 1.18 0.021 35.3 1:.1 1.18 
78 538 3 1.21 0.C71 2.0 0.7 0.08 0.78 1.10 9.0 
78 555 8 1.28 0.061 2.0 0.7 1.16 0.05 1.81 1.50 0,008 22.1 8.8 0.13 
78 556 5 0. 0.017 1.6 0.2 0.86 0.51 t.55 1.61 0,007 22.2 6.8 0.13 

........ .... . .... . ............ .. . ...... . - - -. .. .. ---- ---.. . .. .. --- -. .. . 

I- nIOC ITRSCTlLIS BS5S -) ICID- ITS (- - - -CIC - - -) AL -51 SIT- CO is S85. - - -. 

CA 30A0 O N08 ITT AL SO 114- 810 SIT 808 l58 CACW OlS CCM2 120 
4 8 * /CS 

...... ...................... ......- . ---- .. .. ---- . .. 


SIPLI 51l 5.80 888 5A 5381 31S CATS OiC AL 01 (288 .01 
g0. 10. S23 &82D 21 4523 6123 6018 1130 5138 1c 6818 $Cll6 5188 S50 5CI 851 ICIA 

<----------- -- -IQ /100 a .--.-.-------- > . FCT - - -.- ) 1%2 1: 1 

71 552 1 8.3 2.2 - 0.5 11.0 10.7 1.3 30.7 222 12.3 11 34 87 8.2 5.1 
78 552 2 2.8 0.8 - 0.2 3.0 25.5 3.2 20.8 20.8 7.1 85 13 1: 8.8 5.1 
7. 558 3 0.6 0.1 I 0.7 16.8 1.2 17.1 12.0 1.0 43 1 4 8.1 5.3 
785 8 0. 0.11 - 1 0.7 17.8 0.8 18.1 10.2 2.1 67 1 1 8.8 5.3 
71 156 1 8.7 1.3 To To 6.0 7.6 13.4 10. 88 15 29000 8.0 5.0 

----- ----------------8----100--------- |------------ -0---1--- 1738 - - -8 ---------------- ­3010 1121kLOCTI: :V SPODIC I021ZOI CITWIBIA 


I- -50 91S0580 1 31TS0CTAILS- -) 1302 --...... ----- LOT .. . .
 
Co"l 8t fIIkL T3+AL LC 0, - - ,-SO,-....-,---00--) TOTAL 003
 

SA811S S 1 j (-- *_o10 BT! -) ACCOm I- -<20 - - 3 7l
 
30. 6CS 6058 01-Cl PC? C? 7k28 1 7121 783 713 791&2728 711 

<- PCT OF (205-) IOAL CLiI CLI <- IS.ITIII 18OS -) <(- .... C? - - - -> 

7:I 152 I 0.2 0.1 0.2 1i 280
 
78 53 2 0.0 0.8 0. 0 0.1 255 To 2 IS 1 g11
 
78 58 3 0.3 0., 0.3 0.0 144
 
78 955 a 0.2 0. 0.2 0.1 3.2
 
78 556 s 0.1 0.1 0.1 T 40 To 2 at I 

r 
13fTL? COSTIOL SIC3IOS 08E 25-100 K? CL&T 11.3 P"? .1-7513 67.6. sOOc 8oi1Sci 0n 0 OACCOEn 0 

ISEITIM SI D1SSIT? 1OS LuIll 1, 3, 
S
 

A8IL188i3 S. ILL 01 $1110 (281 BASI
 

SIIsInLOITI AXEDO 113Si3L TI TISCIMITE REK3OL281TI 1I Niel 

1.I0T1TABOT 6 IWOIS31IITI5 I DO81810 8 1I08380 3 EOOIIAT 2 Sa0mL I TRACK 

http:L0180-SKIMLIL.11
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Example Pedon 2 
 SALT SHEET
 

phylas 

SWIPLIS &St BONOIfl.L01ITIC, ICaLCAIIO0S) . FRIGID, SMILLOU TT#ICC.1, 3TIT OSTO?IIIT 
3 7750-001 -006 SI11L1 lOS. ;3 775 - 760 DATE 6/"9/"1 9 0. S. 0IPOTI1E? Of O08ICOLTURiIOL CONSIN|TITO831371cl

4013O00T110 *TDIOLXC CODOSCTXTIrm STOO IOTIOI L SOIL 03 'IT LISOIUTONT 
OlIU0L'InsOD 1 1, 21l, 2] LI0COLI, SIBIOUS0 . AN 

-1- -2- -- -! -- ---
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Example Pedon 1
 

Pedon Classification: Fragiochrept; loamr/-keletal, mixed, frigid

Series Classification: Same
 
Soil: Series not desi,,ated
 
Soil :o.: 77SM-031-00lLocationr Cook County, Xinnesota S.4, HE,, NVI, Sec. 7, T. 62 U., R. 2 E. about 5C feet north of curve1,190 Feet south and 2,100 feet in road,east of northwest section corner,Clirate: about 9 miles north of Grand M!arais.Sole characteristics of temperatures are: annual normal 360 F (20 C), winter normal 110 r.- 120 C),suzler normal 630 F (160 C); some characteristics of precipitation are: mean annual 29 inches (7L cm.), Juneto September 12 inches (3C cm.), 
mean snowfall 65 inches (165 cm.)
Parent HateriAl: Grayish brown loamy-skeletal till of the 7ainy Lobe of the Late .:isconsin glaciation.
?hysiography: Yoraine.
Lanascape Setting: Sampling site is on the upper part of a 3 percent southwest facing convex slope that is on theside of a ridge about l,C.OO feet long and 150 feet wide. The elevation is about 1,6:C feet. The local relief
in this section is about 2CO feet.
"egetation: Mainly white spruce 3 to IL inches d.b.h. with few asoen 2 to 3 inches d.b.h. Understory is mainly haze:.
Drainage: "ell drained. 
•rosiam: :one 
Permeability: Slow to moderataly slow.

Ground :ater: "!ater tablo ts nrobably perched above the fragian for short .noriods.
Described by: R. Leis October 13, 1977.
Sanoled by: S. Holzhey, "..'Iausbach, .. Turner, H. Finney, D. Origal and J. ingen. 
Al- ,?52 0 to 10 crn.(0 to L incnes). Clack (0iYR2/I) cobbly Loam; strong fine -ranular structure; tery
frtable, sltgntly s-tc y, and nonpLastic; few worm casts; many $1:ie
and very fine continuous pores; man:, very
f-ne .0 coarse roots; about 15 percent coarse fragrents; about 5-10 percent larger than i c.; clear smoothboundary. (3 to 13 cn. thick) 

A2 10 to 13 cm. (not saled) (, to 5 inches). Discontinuous horizon occupies about 10 percent of pedon;
redutsn eray (5nh L/2 loan; noderatae very fine and fine granular structare; friable, slightly sticky, and
nonplastic; abrupt broken boundar,. 
 (2 to 5 cm. thick)
 

321hir ?BP553 10 to 23cr. h to 9 inches). Dark reddish brown (5YR 3/3) cobbly loam; brown (7.T5r 5/) dry;moderate very fine and fine granular structure; very friable, slightly sticky, nonplastic, and smeary; many
fine and very fine discontinuous pores; many very fine to coarse roots; about 15 cercent,coarse fragments;
about 5 to 10 percent are larger than 8 cm.; gradual wavy boundary. (10 to 20 cm. thick) 
?22hir7? b 23 to 35en. (9 to 15 inches%. Dark reddish brown (YR 3/) cobbly loam; modorate fine granular;very friable, slightly sticky, nonplasti, 
and smeary; *any fine and very fine discontinuous mors; many very
fine to 
coarse roots; about 10 rercent coarse fragrents; about to IC percent are larger than 8 cm.; graoual
wavy boundary. (10 to 20 cm. thick)
 

I 3.
'SP 38 to 63 . (15tc 21 inches). Discon,inucus horizon occup -ng about 15 percent f pedon: orownt cbyloa; oderate fine subanguLr blocky strict.lre parting tofriable, moderate fine granular structure;slightly sticky', norplastic, and oliChtly snedry; commonand fine and very discontinuous mores; cormon finevery fine vertical roots; about 15 nercent coarse fragments; about 5 to 10 percent are larger than 6 cm.;clear av-y boundary. (0 to 25 cm. thick) 

Cx 739P556 63 to 122 cr. (25 to 48 inches). Dark grayish brown (IOTR L/2) cobbly loam; weak medium and coarseolaty structure; firm, ani orittle; few very fine horizontal pores; few vs-
 fine and fine roots in upper part,dominantly between clates; about 45 percent coarse fra.nents; about 35 percent greater than 8 cm. 

Remarks: Colors are for moist soil. 
Backhoe was used for the sampling pit. Lithology of rock fragrents ismainly gabbro and basalt. Few "red rock" fragments.
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Example Pedon 2
 

Soil Types Wayden silty clay.

Sample 14o.8 S77*N0-4 (FIPS)
 
Date: September 12, 1977.
 
Sampled by: H. Maunbach, p. Schroer, H. 'leyer.

Described by: P. Wilhelm, G. mc|:el, S. Ekart, E. Gamble.
Areas About I miles easL and 2t4 miles north of Ree r, Adams County.Locations 
 300 feet east and 330 feet north of tb' southwest corner of the 'A, Sec. 30, T13111, R911.Classification 
 Clayey, montmorillonitic (cale, "eous), frigid, shallow Typic Ustorthento

Vegetation: Suraerfallou (spring wheat in 76:.

Parent Xxtvrial: Cleyny shales of 
the Ft. Union (Tongue River) formatibn.
 
Physiography: Hlltup.
 
Relieft Convex, simple.
 
Slope: 2 percent.

Perceabilityi Stow (0.06 - 3.2 in./hr.).
 
Moisture: Hoist throughout.
 
Drainages Well drained.
 
Ground Vater: >5 feet.
 
Erosion: Slight.
 
Aspect: Northeast.
 
Elevation: Approxiaiately 2,900 feet.
 
Pedon Descriptions Vayden silty clay. 

(Colors are 
for dry soil unless otherwise stated.)
 

A 0 to 10 c2. Grayish brown (2.5Y 5/2) silty clay, dark grayish brown (2.5Y 4/2) moist: 
strong very
fne granular structnrat 
very hard, ficm, very stickv and very plAstic; common very fine ronts; many very
fine porLs; slight *:ffervescence; abrupt smooth boundary.
 

AC 10 to 23 cm. Light brownish gray (2.5Y 6/2) silty clay, grayish brow.% (2.5Y 5/2) moist; moderate
very [Lne subanvular blocky structure; very hard, fins, very sticky and very plastic; ct'mmon
roots: very fine
iany vary fine pores; tonguas Of Ap less than 5 co thick; cc-on irregularly snaped soft lI.s msses:.slight aefervescence; clear wavy boundary. 

CI 23 to16 c. 
 Pale yellow (BY 7/3) silty clay with 30 parcent sale Era~n~nt,,, olive (Svmoderate very rLpe s'vibangular and rock structure; very hard, v'.efrfiro, very ttic 
/3, toist:
blocl.v 


com-on very fine rcots; 
 r'n very olastic;
-orzon vary Line pores; cni-on nadim yollowisr. bron (IOYIt
5/9 moist) .rzn s:ains;
common Lypsum crystals; cooon pressure faces; tongues of Ap less than 5 Lm thick; 
clear wavy boundary.
 
Cr1 46 to 56 cm. 

extrsmely hard, v-

Pale yellow (5Y 7/3) clay shales, olive (5Y 53) moist; rock (fissile) structure;
firm, very sticky and very plastic; 
:cenon very fine roots wtth ,ott tollowing fissures
^&,4 cleavage plan. , few very tir pores; cortnon medium 'ell,>wish brown (0'R
tongues less than 5 mm wide: 
5/8 moist) iron stains; few
 cormon pressure faces; 
comwon gypsum crystals; clear wavy boundary.
 

Cr2 36 to St c. Pale yellow (5Y 7/3) clay shiales,

extrerely hard, very firm, very aticky and very plastic; 

olive (5Y 5/3) noirt: rock (isaile) stc'ucture;
 
planes; few very fine pores; conmun medium dark brow, 

few very fine roots flioiin f:ssures and clecage

(7.5y 4/, -noist) iron 
stains; c',WLn gyps= crys:aia;
co=on fine paleoroots;ccn.on prasiure faces; gradual wavy 
bo':ndary.
 

Cr3 81 to 140 cm. 
 Light gray (BY 7/1) clay shales, gray (Y 5/1) nois-:
extrcaly rock (finsile) structure:aid, very firri,ver stickky and vary plastic; few very fine roots follpnL fiss-tes and c*:eavage
cormon gypsum crystals; common fine paleoroots; few pressure faces.

planes; very few fine pores; 


Additional Notes
 

Large horizontal and vertical cleavage planes Axtend through 'he shales.
by 24 Inches. These are Some are as large as 19 inches
coated with brown (OYR 4/3 ooist) and
material along these planes. 
some have up to 2 inches of weathered
The rock 'tructure siza increases with depth. 
Lignite was encoontered at a
depth of 35 inches. 
 Also, an Unsatruated Hydraulic conductivity study is being conducted at this 
site.
 

http:paleoroots;ccn.on
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Appendix TV
 

In this appendix, data that was produced by the Comision
 
Chilena de Energia Nuclear and by the Centro de Estudios de
 
la Cuenca del Maule is included. This work was done to
 
support the work done by the NSSL and to be part of an
 
interlaboratory cross check.
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Series: Pelchuquin 

Pedon NQ S83 FN - 275 001 

CCHENI/ U. Chile (Talca) / 

Horizon PH P p PH (1:2.5) K(ppm) 
NaF Ret(%) Ret(%) H20 

ApI 11.3 88 97 5.5 235 

Ap2 11.7 100 98 4.5 47 

2BA 11.6 99 99 51 18 
29sl !0.6 9F 9a 5.2 16 

2Bs2 11.4 98 97 5.4 27 
2CI 11.5 98 98 5.4 22 

3C2 11.7 99 98 5.1 29 

Series: Lanco 

Pedon NQ SC3 F"' - 275 - 002 

Al 11.8 98 99
 

2Bs 11.7 99 99 

3BC 11.7 99 99 

4Bs1m -- -- -­

5Bs2 9.9 -- 35 

I/ 	Comisi6n Chilena de Energia urlrar
 

pH (NaF): Soil Survey Investications Report NO 1: 8CId
 
P31(retained): Nitric Vanadomolybdate arid method
 p32(retained): Nitric Vanadomolybdate acid method
 

2/ 	Centro de Estudios de la Cuenca del Maule
 

pH (H20) (1:2.5): CG 811 Schott Gerate pH-meter.
 

K : 	Ammonium acetate, IN pH7. Flame fotometry.
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Series: Los ulmos
 
Pedon Nt S83 FN - 275 - 003
 

CCHEN 

Horizon pH p31 p32 

NaF Ret(%) Ret(%) 

Al 0 89 94 

A2 11.1 94 97 
A3 10.9 89 93 

Bsl 11.6 84 88 
Bs2 10.5 80 86 
Bs3 10.3 82 81 

Series: Osorno
 

Pedon NQ S83 FN - 275 - 004
 

Ap 114 97 98
 

Bw 11.7 100 99
 

Bs 11.6 99 98
 

2Bq 11.0 92 93
 

2CI 9.2 32 34
 

3C2 8.6 13 5
 

Series: Antillanca
 

Pedon NP S8? FiS- 275 - 005
 

0 -- --

Al 10.8 65 77 

A2 11.4 56 

Cl 10.8 28 19 

C2 10.4 27 31 

C3 10.5 27 32 

64 



214 

Series: Chrnleuffi 

Pedon NQ S83 FN - 275 - 006 

CCHEN U. Chile (Talca) 

Horizon PH 
NaF 

p31 
Ret(%) 

P.2 
Ret(%) 

pH(l: 2.5) 
H20 

K(ppm) 

Al 11.4 78 90 

A2 11.7 92 93 

Cl 11.6 84 89 

:2 i1.8 99 9­

2C3 -- .--
3R .----

Series: Puvyhue 

Pedon NQ s-3 FN - 275 - 007 

A 11.6 96 96 4.9 53 
S 11.8 100 99 .: 27 
Bsl 11.7 97 97 5 410 
Bs, 11.5 100 99 5.4 10 
RCs 11.8 100 99 5.5 12 

Series: !*uc1:7o Fonck 
Pedon W' 53 FN ­ 275 - 008 

Al 11.5 94 96 5.2 88 
A2 11.6 98 96 5.7 43 
AB 11.6 95 96 5.8 18 
Bs 11.7 97 97 5.7 16 
Cl 11.6 98 97 5.6 29 
C2 11.6 99 99 5.6 49 
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Series: Frutillar
 

Pedon NQ S83 FN - 275 - 009
 

CCHEN U. de Chile (Talca) 

Horizon pH 
NaF 

p3 1  

Ret(%) 
32 

Ret(%) 
pH(1:2.5) 
H20 

K(ppm) 

A 11.6 6 99 
E 11.8 100 99 
Bsl 11.8 100 99 
Bs2 11.7 100 99 

Bs3 11.7 -- 99 
s 11.5 98 97 

2ccn 11.3 81 82 
2C 10.1 34 --

Series: Puerto Octay 

Pedon N'Q S83 FN ­ 275 - 010 

A 11.6 98 98 5.3 82 
AB 11.7 99 99 5.6 22 
Bwl 11.8 99 99 5.7 22 
Bw2 11.8 99 99 5.7 20 
2R -- -- -- -- --

Series: Puerto Montt 

redon NQ q83 FN ­ 275 - 011 

A 11.8 98 99 

B/A 11.7 100 99 
Btl 11.3 100 99 

Bt2 11.5 100 96 
2cqs -- -- -­

2Cs 10.8 66 56 
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Series: Al.rce
 

Pedon NO S83 FN- 275 - 012 

CCHEN 

pH p31 p32Horizon 

NaF Ret%(%) Ret(%)
 

Al 9.0 -- --


A2 11.5 99 98
 

Bsl 11.7 98 99
 

BS2 1.7 9 98
 
2cqs -- .--

2cq ...--.
 

Series: Corte Alto
 

Pedon NO S83 FN - 275 - 013 

0 --

A 10.5 79 88
 

BsI 10.9 89 94
 

Bs2 11.2 95 96
 
-
2C! 11.5 99 97
 

2c2 11.1 100 97
 

2c3 10.3 74 79
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Appendix V
 

This appendix contains supplement data for the pedons

produced by Dr. K. Wada of Japan.
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Summary of Clay Mineral Analyses of Chile Soil Samples for
 

Sixth International Soil Classification Workshop
 

Koji Wada and Yasuko Kakuto
 

Faculty of Agriculture, Kyushu University 46,
 

Fukuoka 812, Japan
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Table 1.
 

Sample Soill A+Im 2 	 3
 
No. PN'F 	 T.B. +Fh Layer silicates3 Oxides3 Primary


test (%) minerals
 

1-2 10.7 	 - 42 Ch, Vt-Ch/Ch Gb Cb
 
4 10.6 - 43 Ch, Vt-Ch/Ch Gb Cb
 
6(1) 10.0 - 28 Ch, Vt-Ch/Ch Gb Cb
 
7 10.1 - 59 Ch, Vt-Ch/Ch Gb Cb(?) 

2-2 11.1 - 70 Ch, Vt-Ch 	 Gb, Go Cb 
3 11.3 - 71 Ch, Vt-Ch 	 Gb, Go Cb
 

3-1 9.1 	 + 10* Vt-Ch/Ch, Ht(7), Ch Go, Gb Cb 
3 9.0 + 9* Vt-Ch/Ch, Ht(7), Ch Go, Cb ­
5 8.1 + 6* Ht(7, 10), Vt-Ch/Ch Go, Gb ­

4-1 10.8 	 - 47 Vt-Ch/Ch, Ch, Ht(7)(?) Go, Gb ­
3 10.2 -(+) 67 Vt-Ch/Ch, Ch, Ht(7) Go, Gb ­

5-1 10.3 	 ­
2 9.0 - 81 Fd 

6-1 9.5 	 ­
3 11.1 - 82 Sm 	 - Fd
 

7-1 10.6 	 - 76 Sm, Sm-Ch - Cb, Fd 
3 10.7 - 93 Sm, Sm-Ch 	 - Cb, Fd 
5 10.8 - 97 Sm, Sm-Ch 	 - Fd
 

8-1 10.5 - 72 Sm(?) 	 - Fd, Cb(?)

3 10.6 - 84 Sni(?) 	 - Fd, Cb(?) 
5 10.4 - (+) 92 Sm(?) 	 - Fd 

9-1 11.1 	 - 50 Vt-Ch, Ch Go Cb 
3 11.2 - 77 Vt-Ch, Ch 	 Go Cb 
5 10.3 - 70 Vt-Ch, Ch 	 Go, Gb Cb
 

10-1 10.5 - 75 Vt-Ch/Ch, Ch, Sm Gb, Go(?) Cb, Ho 
3 11.1 - 81 Vt-Ch/Ch, Ch, Sm Gb Cb, Ho 

11-1 11.5 - 68 Ch, Vt-Ch/Ch, Sm Gb, Go Cb 
3 11.0 - 79 Ch, Vt-Ch/Ch, Sm Gb, Go Cb 

12-2 10.8 - 36 Ch, Vt-Ch/Ch Go(?) Cb, Qz, Ho
 
4 10.4 - (+) 73 Ch, Vt-Ch/Ch Gb, Go Cb, Ho
 

13-1 8.0 + 13* Vt-Ch/Ch, Ht(7, 10), Ch Gb Cb
 
3 9.9 + 16* Vt-Ch/Ch, Ht(l0, 7), Ch Gb Cb, Ho
 
5 10.5 - (+) 71 Ht(10), Sm, Sm-Ch/Ch 	 Fd, Cb
 

1) 	 pH F: Add 50 ml 1 M NaF to 1 gsoil. Stir for 2 minutes and measure pH of 
the soil suspension with a glass electrode. 
T.B. test: Add about 10 to 30 mg air-dry or undried soil into 0.3 to 
0.4 ml
 
0.02 % toluidine 	blue solution and stir for 1 minute. + metachromasis
 
occurred (reddish purple). - no metachromasis occurred (blue).
 

2) The sum of A (=allophane),Im (-imogolite) and Fh (-ferrihydrite and other
 
noncrystalline iron oxide) estimated from the oxalate-soluble Si0 2+A1 2 03
 
+Fe 203 (%) assuming a H2 0(+)/SiO2+A 20 3+Fe 2 03 weight ratio of 0.45.
 
* Identified to be 	halloysite by difference infrared spectroscopy.
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3) Layer silicates, oxides and primary minerals identified by X-ray diffraction
 
and infrared spectroscopy for the clay 
remaining after oxalate-oxalic acid
 
treatment.
 
Layer silicates: Ch-chlorite; Ht(7)-halloysite (AX); Ht(10)=halloysite (101);

Sm=smectite; 
Sm-Ch-smectite-chlorite intergrades; Vt-Ch-vermiculite-chlorite
 
intergrades; / denotes a random interstratification.
 
Oxides: Gb-gibbsite; Go=goethitc.

Primary minerals: Cb-cristobalite; Fd-feldspar; Ho-hornblende; Qz-quartz.
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Table 2.
 

3 
(< 2m) 1 Oxalate soluble Im2 


Sample Clay 
No. % pHdis S1O 2 A1203 Fe203 Total Si/2Al content 

M% ratio 

1-2 35 4 5.8 16.3 7.2 29.2 0.61 + 
4 52 4 6.9 16.1 6.4 29.5 0.73 4+ 
6(1) 51 4 3.8 10.0 5.8 19.6 0.64 + 
7 51 4 9.7 22.6 8.5 40.9 0.73 + 

2-2 49 4 12.5 31.9 3.9 48.3 0.67 +4+
 
3 46 4 12.8 32.4 4.1 49.3 0.67 44
 

3-1 54 10 0.4 3.6 2.7 6.7 0.18 ­
3 68 10 0.3 3.5 2.2 6.0 0.15 ­
5 86 10 0.3 2.1 1.4 3.8 0.25 ­

4-] 32 4 6.6 18.8 6.7 32.1 0.60 + 
3 50 4 11.7 29.0 5.2 45.9 0.68 .4­

5-1 2 4 - - - ­ - ++ 
2 1 4 13.1 31.4 11.7 56.1 0.71 +4-+ 

6-1 5 4 - - - - ­ ++
 
3 4 4 12.2 34.3 10.0 56.5 0.60 -+
 

7-1 9 4 5.9 25.4 20.7 52.2 0.40 ++
 
3 24 4 14.1 35.5 14.5 64.1 0.67 +
 
5 34 4 17.4 36.7 13.0 67.2 0.81 4+
 

8-1 17 4 9.6 28.0 12.1 49.8 0.58 +
 
3 27 4 13.8 31.0 13.3 57.9 0.76 4+
 
5 41 4 17.0 33.8 12.7 63.7 0.86 4+
 

9-1 24 4 7.4 22.1 4.8 34.3 0.60 +
 
3 54 4 11.5 31.8 10.0 53.2 0.61 4+
 
5 42 4 12.2 28.3 7.8 48.3 0.73 4-44
 

10-1 28 4 11.1 30.4 10.1 51.7 0.62 ++
 
3 53 4 13.5 32.6 9.9 55.9 0.70 +-4
 

11-1 31 4 7.2 26.9 13.0 47.1 0.46 +
 
3 49 4 11.6 31.0 12.1 54.6 0.64 +4+
 

12-2 16 4 5.2 15.6 3.8 24.6 0.56 +
 
4 42 4 14.6 30.5 4.9 50.1 0.81 4­

13-1 56 10 0.7 4.4 3.9 9.0 0.27 ­
3 60 10 1.7 5.6 3.4 10.7 0.51 ­
5 35 4 15.3 26.6 6.9 48.8 0.98 ++ 

1) 	Treat 10 gair-dry or fresh soil sample with H202 and wash with water. 
Disperse the sample at pH 4 or 10 after treatment with sonic wave (28 
kHz; 125 W; 10-15 min). Collect clay (< 21im) by sedimentation. Repeat 
dispersion and sedimentation for 5 to 10 times. Determine the weight 
of the collected clay. pHdis=pH for dispersion. 

2) Shake 20 mg clay in 30 ml 0.2 M NH oxalate-oxalic acid mixture (pH 3.0) 
in the dark at 25*C for 4 hours ani centrifuge at 2500 rpm. Add 1 drop 
0.1 % superfloc to the supernatant and centrifuge again. Analyse Fe,
 
Al and Si in the supernatant oy atomic absorption spectroscopy. Report
 
on the oven-dry basis of the clay.
 

3) The content of Im (-imogolite) estimated by visual inspection of
 
electron micrographs of the clay.
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Appendix VI
 

This appendix contains a supplemental data sheet for all of
 
the pedons sampled.
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CHILEAN NITRATES FERTILIZERS 

Produced by Sociedad Quimica y Minera de Chile S.A. - S.Q.M. 

16-0--0 Nitrate of Soda (natural sodium nitrate) 
* 15-0-14 Nitrate of Soda-Potash (potassium zdium nitrate) 

Outstandina Pronerties 
- Quick action, because all its nitrogen is in nitrate form, heing highly soluble and having rapid access and availa. 

bility to plant roots. 
- Chilean Nitrates are optimum for timely nutrition of plants, and for supplemental applications to promptly

replenish nitrogen, or nitrogen and potassium, leached by heavy rains especially insandy soils. 
- Nitrate nitrogen is a requisite to produce maxi­

mum yields and optimum quality flue - cured and 
burley types of tobacco. 
They supply sodium, an essential element for
maximum yields in sugarbeets and some vege­
table crops. In addition, sodium replaces part of 
the potassium requirements of these and several
other crops, thus reducing fertilization costs. 

- Chilean Nitrates do not acidify. They help to 
prevent adecrease in soil pH and loss of fertility. 
They save important amounts of lime. 

- Nitrate of Soda-Potash (15-0-14) is virtually
free of chloride. Excess chloride is harmful par-
ticularly to cm.ps such as tobacco, orchards, 
vineyards, vegetables and potatoes. 

- They are not subject to volatilization losses as 
ammonia. Even remaining on the soil surface they 
keep 100 o/o efficiency, 

- They supply small quantities of boron, an essential 
micronutrient for plants. 

New Product 

Beside these two traditional nitrate fertilizers, 
S.O.M. will start producing a third one in 1986: 

13-0-45: Potassium Nitrate. 

S.M. 
Olivares 1229 50 y 60 P. 
Santiago 
Chile 

Nitratos Naturais do Chile
Alameda Santos 1470 
13 And G.1.1302 
CEP- 01418 
Cerqueira Cesar 
Sao Paulo 
Brasil 
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Nitrate Sales International 
Van Schoon1rbesp, n 
6 lhflnor 
8-2000 Ani,,er p
Belgium 

Chilean Nitrate Sales Corp. 
(C.N.S C.)
 
Suite 500 109 Las:
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Nrfnlln --Virlinia 23510
 
U.S.A. 


