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PREFACE

The Geographical Branch has been jlnvestlgating

permafrost and associated phenomena over the past ten

years In connection with its studies of terrain conditions

in northern Canada, This paper deals -with the organic

layer associatedwith the permafrost surface and suggests

an origin for this layer.

It is hoped that this report will be of assistance

to those who are concerned with the application of northern

terrain characteristics to problems of construction and

transportation.

N. L. Nicholson,
Director,
Geographical Branch.



THE ORIGIN OF A SUBSURFACE ORGANIC LAYER
ASSOCIATED WITH THE PERMAFROST SURFACE

IN THE WESTERN ARCTIC OF CANADA

J, Ross Mackay

A discontinuous subsurface organic layer, ranging in thickness from less

than an inch to several feet, lies close to the permafrost surface throughout exten

sive areas of the Western Arctic of Canada* Althou^ the organic layers are found

in a variety of materials and on gentle to steep slopes, they are best developed in

silty to clayey soils on slopes of less than 10^. Plant microfossils from some

organic layers indicate that past climates differed from the present; carbon 14 dating

suggests a considerable age for some organic layers; organic material has been found

beneath a marine clay; and archaeological complexes have been discovered associated

with organic layers (Hopkins and Giddings, 1953; Lowther, personal communication;

MacNeish, 1956). The study of the organic layer is, therefore, of broad interest,

because it involves problems of pedology, geomorphology, stratigr^hy, climatology,

biogeography, and archaeology. It is the purpose of this paper to suggest an origin

for the organic layer.

FIELD WORK AND ACKNOWLEDGEMENTS

During the course of field work in the Western Arctic in the summers of 1955,

1956, and 1957, numerous observations were made on organic layers. Field work in

1955 and 1957 was carried out for the Geographical Branch, federal Department of

Mines and Technical Surveys. In 1956, W.H. Mathews and the writer spent several

weeks, supported by a research grant from the Arctic Institute of North America, at

the Engigstciak archaeological site (Firth River, Yukon Territory) under excavation
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byR.S. MacNelsh. Organic layers were examined at the site. J. Fyles, A, Leahey,

and W.H. Mathews have made helpful suggestions on the paper; G. Lowther and

R.S. MacNelsh have made available some unptibllshed data.

DISTRIBUTION OF THE ORGANIC LAYER

Organic layers are present in many tundra regions of the world, although

their widespread occurrence has apparently escaped recognition, probably because

of the paucity of studies of tundra soUs. In the Western Arctic of Canada, organic

layers were observed in the coastal region between Firth River (Yukon Territory)

and West Channel of Mackenzie River, and near the headwaters of Blow River (Yukon

Territory), Leahey (1947, p, 460) has described the soil profile for a knoll between

West Channel of Mackenzie River and Richardson Mountains. At a depth of 10 to 20

inches, where the frost table was 20 inches below the surface, there were streaks of

organic matter up to one inch in thickness. To quote Leahey: "No explanation can be

given for the presence of organic streaks in the lower part of the subsoil other than

that they may have resulted from the activities of burrowing animals". Organic layers

have been found in several areas near the Porcupine and Old Crow rivers of Yukon

Territory (Lowther, personal communication). The layers lie at, or near to, the

permafrost surface and may be associated with archaeological complexes. Organic

layers occur near Point Atkinson and in the Cape Bathurst-Harrowby Bay area,

District of Mackenzie.

Organic layers are probably present in the Eastern Arctic, but the writer has

no record of them. The apparent absence of reports may be due to the fact that fine

grained soils, such as Pleistocene silts and muds, in which organic layers best

develop, are more widespread in the Western than in the Eastern Arctic. Feustel,

Dutilly, and Anderson (1939) made no mention of any organic layers in their survey
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of soils from Churchill to Ellesmere Island, although the soils were analyzed for

organic content. Most of the soils, which were of sand, gravel till, and weathered

bedrock, were shallow in depth and sparsely covered with vegetation, these being

factors not conducive to organic layer development.

In a study of Alaskan soils, Kellogg and Nygard (1951, pp. 34-40) reported

tundra soil profiles containing organic material at the base of the active layer or in

permafrost, but no explanation as to origin was given. Hopkins and Sigafoos (1951)

have described stringers of peat beneath the soil centres of tussock rings and attribute

the distribution of the decomposed fragments of peat to a convective circulation of

material within individual polygons.

Studies of arctic brown soils in Alaska show that "A dark stain is sometimes

present on top of the permafrost table, indicating that small quantities of humus finally

work their way to lower depths in the profile" (Tedrow and Hill, 1955, p. 271).

Tedrow, Drew, Hill, and Dou^as (1958) have recently described an idealized profile

of a tundra soil in northern Alaska. They recognize three master horizons: (1) the

active layer; (2) the upper portion of the permanently frozen layer containing consider

able organic staining and pieces of orgahic matter; and (3) the permanently frozen

parent material without organic staining. They state that the processes by which the

organic matter is dispersed through the ice in the upper part of the permafrost is

unknown. The one typical and identical tundra profile from the U.S.S.R. given in the

well known soil books by Robinson (1949), pp. 352-363) and Glinka (1940, pp. 117-118)

had dark spots, apparently of organic matter, just above the permafrost table. It is

quite possible organic layers are described fully in Soviet publications, but the

writer has been unable to find any such discussion. Organic layers have also been

seen in Manchuria (Sugaya, 1956) and Norway (P.J. Williams, personal communi

cation).

61825—3
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CHARACTERISTICS OF THE ORGANIC LAYER

Composition

Most of the organic material is partly decomposed and dark gray in colour,

but there may also be nearly fresh greenish-yellow sphagnum moss, greenish willow

leaves, twigs, etc., intermixed with the partly decomposed material. On moist

gentle slopes with many sedgy tussocks and associated vegetation, thick chocolate

brown peaty layers of sphagnum moss, sedges, etc., with much included ice, are

common.

The organic layers vary from nearly pure vegetation in various stages of

decomposition to streaks of organic material in a matrix of soil or ice. Most of the

organic material contains sand to silt sized particles, locally in discontinuous thin

laminae. If the mineral soil in the area has pebbles, a concentration is often observed

at the ground surface and close to, or within, the organic layer.

If the organic layer thaws in summer, it tends to be saturated and ooze ^^lere

exposed by digging. Frozen organic material, whether in the active layer or in perma

frost, has a high ice content which often exceeds 50 per cent by volume. Such frozen

material, which reseiobles a hard wax in consistency, can be whittled with a knife.

Thickness and continuity vary inversely with slope. On gentle slopes where

there may be soil creep from nearby steeper slopes, the organic layers may be

several feet thick. Such organic material is composed largely of chocolate brown

sphagnum moss, sedges, etc., with much interstitial ice. As the development of

ground ice segregations is usually extensive in such areas, the organic material may

overlie thick, tabular, horizontal ice sheets and be contorted where cut by vertical

ice wedges of ice-we(^e polygons. On the steeper slopes of about 3° to 10^, the

organic layer is typically only several inches thick. With gradually increasing slope,

the organic layer becomes thinner and more patchy until it is no longer present.
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The upper contact of the organic material with mineral soil may be transitional, but

the lower contact tends to be distinct and sharp.

Relationship to the permafrost table

The most strikingly uniform, diagnostic, and characteristic feature of the

organic layer is its position either at the bottom of the active layer, at the top of the

permafrost zone, or in both. This is certainly true of the organic layers in the

Western Arctic of Canada and those of Alaska (Tedrow, Drew, Hill, and Dou^as,

1958). In one place the organic layer may lie at the base of the active layer, whereas

two feet away it may be in both the active and permafrost zones, or even entirely within

the latter (Figure 4). For this reason, a pit dug into the ground in June or July will

usually reach frozen ground before any organic layer that is present is encountered.

It was found by the writer that if a pit is dug to the frost table in late summer (when

thawing has normally reached its maximum depth) without encountering an organic layer,

the excavation should be extended at least one foot into frozen ground in order to be

reasonably certain that no organic layer is present.

Age

Data from pollen spectra aTirt carbon 14 dating show that some organic layers

are many thousands of years old. Dr. R. S. MacNeish, in studying the archaeology of

the Engigstciak site by the Firth River (Yukon Territory) collected specimens from the

organic layer. Analyses of microfossils (by Dr. J, Terasmae, Geological Survey of

Canada) have shown that one assemblage indicates more temperate climatic conditions

than the present, chiefly because of the abundance of spruce and the presence of pine

and tree-birch pollen. A carbon 14 dating for woody material from one organic layer

gave an age of 1,560 years, although it is possible that the specimen may have been

contaminated (MacNeish, personal communication). Carbon 14 dates for two organic

61826-31
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layers in tundra soils of Alaska range from 5,300 to 10,900 years in age (Tedrow

and Douglas, 1958). Although information on the composition of the organic layer

is limited, pollen spectra and carbon 14 dating both indicate that some organic

material may be of considerable antiquity.

ORIGIN OF THE ORGANIC LAYER

There is no doubt that many organic layers have formed in different ways.

For example, organic material may be buried by mudRows, landslides, advancing

sollfluction lobes, windblown sediments, and by the lateral growth of ice wedges

which have contorted the ground to cause overturning of surface accumulated humus.

Alternatively, organic material mi^t "grow*' in situ by: the transfer of vegetation

downwards in suspension or in a colloidal state; the lateral spread of roots above the

thermal hardpan of the permafrost surface; and the carrying of nesting material to

depths by burrowing animals. Overridden and buried humic material (the A^ soil

horizon) can be distinguished from the type of organic layer under discussion not only

by geomorphic criteria (e.g. relation to landslides, sollfluction lobes, slope, type

of overlying material, etc.) but by the nature of the buried organic layer. A buried

undisturbed A^ horizon usually has downward penetrating roots beneath it, a trans

itional contact between A and B horizons, and a position at depth that is not regionally

associated with the present permafrost sur^e. The alternative explanation of organic

layers growing in situ is also unsatisfactory, because it cannot explain the presence of

fibrous, woody, and fresh material often found in such layers.

Theory of Marine Burial

In parts of the Western Arctic, organic layers lie beneath marine clays (Prest,

1957). Despite the probability of local marine burial of old soil profiles, the organic

layer is probably not a buried soil profile both in the areas where the organic layer
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lies beneath a marine clay, and also ^\1iere It does not, for the following reasons.

(1) The organic layer shows no evidence of being a burled soil horizon. Sections

through the organic layer into the underlying mineral soil, where present (I.e. the

organic layer Is frequently underlain by ground ice) expose no traces of soil develop

ment. There are no visible weathered or leached horizons. No roots extend down

wards &om the organic layer as m^it be e3q)ected If It were a burled soil profile.

No "fingers" of organic matter penetrate into the mineral soil beneath In a manner

corresponding to that of organic material occupying the cracks and fissures of the

hummoclgr ground in the present tundra and nearby forested areas. The contact

between the organic and underlying Inorganic material, such as sand or silt. Is often

so sharp that the two can be separated by a gentle pull or by sliding a knife blade be

tween them. The organic layer may rest upon different materials within a lateral

distance of a few feet; for example, a continuous organic layer has been observed to

He on top of both a marine clay and frost shattered shaley bedrock within a horizontal

distance of 10 feet, and yet show no change in Its features. (2) Even if It is granted

that the horizcm of a soil could be burled by only one to two feet of marine sediments

over an extensive area, transgression and regression of marine waters across a tundra

surface would likely erode, destroy, and rework the siirficlal material rather than to

preserve It intact; furthermore, soil creep operating over the thousands of years

since emergence would be expected to modify the stratigraphlc distribution of any

material in the active layer. (3) The close correspondence of the subsurface organic

layer with the permafrost surface for an east-west distance of 300 miles from Firth

River to Cape Bathxirst, and from sea level tabver 600 feet in altitude, could not

result from a marine burial, as such uniformity in deposition would be Impossible

over such distances. If areas beyond the Western Arctic of Canada (e.g. Alaska) are

considered, the position of the subsurface organic layer in relation to the permafrost



GEOGRAPHICAL BRANCH

surface adds strength to the argument against marine burial. (4) As seemingly

identical organic layers occur both above and below the highest known marine limit,

lie a theory of marine biirial would require the existence of at least two types of

organic layers.

Organic layers, representing turf buried by windblown sands and silts, are

present along some rivers and wave cut cliffs, but these layers are easily recognizable

and do not have the characteristics of the extensive organic layers under discussion.

Some muck silt deposits of Alaska are of this category (Taber, 1958). The organic

materials of the tundra in Alaska are probably not buried profiles (Tedrow and Dou^as,

1958),

Convective Circulation Theory

Hopkins and Sigafoos (1951) have described the distribution of decomposed

fragments of peat in the mineral soil of tussock-blrch-heath polygons along the base

of the annually thawed layer. They surest that material is moved from the peat ridges

at the margins of the polygons along the frost table to the centres, and from the frost

table toward the surface in a convective circulation pattern. The theory may-explain

the partial transfer of organic material downwards and laterally, but it does not seem

to the widespread occurrence of organic layers in the Western Arctic of Canada

because: (1) Many of the areas with organic layers lack the tussock-birch-heath poly

gon development described by Hopkins and Sigafoos. (2) Although peaty material may

be moved along the frost table to the centres of polygons, according to the convective

circulation theory, there is very little field evidence in the Western Arctic for a con

tinuous iqjward "convective" movement from the frost table to Xhe surface. The

tendency is for the peaty material to remain close to, or become a part of, the perma

frost zone once it is moved downwards to the permafrost sur&ce. (3) If the convective

circulation process has operated through the active layer over thousands of years,
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organic and inorganic material should be thoroughly mixed. This is not the general

case. Although the inorganic material may ;e streaked wi& organic matter, the

amount is quite small in relation to' that present in the organic layer. (4) The disruption

of the surface layer and the formation of the convective circulation process has been

thought (Hopkins and Sigafoos, 1951, pp. 83-92) to occur in a period as short as 10

years with new frost scars forming as old ones become stabilized. Such rapidity in

formation of frost scars should result in intensive churning and mixing of organic with

inorganic material but, as discussed above, this is not so.

Progressive Burial Theory

In contrast to the foregoing theories, the writer proposes a progressive burial

theory, according to which, organic material that has accumulated in interhummock

depressions of the tundra surface is progressively rolled under and smeared along &e

base of the active layer and on top of the permafrost surface. Progressive burial is

believed to be a continuing process that has operated for some thousands of years.

The theory seems to explsdn satisfactorily the known features of the organic layer.

Ill the field study of a total Imigth of several miles of organic layers exposed in

wave cut cliffs, and over 200 pits dug to frozen ground, there were numerous examples

of or^nic matter in sur&ce depressions that could be traced underground as an

unbroken sheet until it became a subsurface organic layer. The organic layers seem,

therefore, to be portions of surface accumulated organic material buried by a roUii^-

under and sliding-over process. The continuity of surface and subsurface organic

material is the strongest evidence for the progressive burial theory.

The method of progressive burial can perhaps be best explained by discussing

the microrelief of the vegetated tundra with an organic layer on a moderate slope of

cohesive soil. With very few exceptions, tundra tearrain that supports a fairly contin

uous growth of vegetation, such as that present along the coastal zone in the Western
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Arctic, Is hummocky. The hummocks range from one to several feet across and

from a few inches to two feet in height above the depressions in between them

(Figure 2), The hummocks are flat to convex on top. The depressions between the

hummocks usually have a thick accumulation of living and dead organic material

composed of mosses, lichens, sedges, grasses, willows, etc. (Figures 1 and 4),

The hummock "centres" tend to have a thin accumulation of organic material; indeed,

only the bare mineral soil of the familiar "mud boils" of Arctic regions maybe pres

ent. The thickness of the A^ horizon, Is, as a rule, greater in silts and silty clays

than in sands. In the latter, the sparse vegetation - often of avens - contributes

relatively little humus to the soil either on the hummocks, or in the depressions.

The mechanism of the rolling-under and sllding-over process can only be

inferred, at present. It Involves the gradual movement of hummocks over partially

decomposed vegetation occupying the basal portions of the interhummock depressions.

Scofs in Feat

Figure 1, Vegetation types. King Point, Yukon

Tussock

Moss,

Labrador Tea

Ground Birch,

etc.

Moss,Lichens

Heather

(Casslope),
Empetrum,
Lobrador Tea

Lupin,

Solmonberry,
etc.

Beorberry

Lichens

Moss,etc.
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Contour interval .! ft.

Scale in Feet

Figure 2. Surface contours above datum, King Point, Yukon

Line 7
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Scale in Feet

Line 6 —

Line 5

Lino 4

Figure 3. Frost table contours above datum. King Point, Yukon
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Probably several different processes contribute to the movement.

When the ground begins to thaw from the surface downwards in summer, a

point of any given altitude beneath a depression may remain frozen longer than a point

at the same altitude beneath an adjoining hummock. This Is because the permafrost

sur&ce does not follow the contour of the ground, but forms a crude mirror Image of

it, being lowest where the ground surface Is bluest, and highest where the ground Is

lowest (Figure 3), Thus, the permafrost surface Is usually deeper beneath the hum

mocks than beneath Hie depressions. The elevations in the permafrost surface lie
• .1

beneath the organic material of the depressions, possibly because of the greater

insulating qualities of the organic material in comparison to the predominantly mineral

soil beneath the hummocks. In addition, evaporation of the abundant moisture in the

organic material may help to maintain low temperatures and a high frost table

(Benninghoff, 1952, pp. 38-39).

If there Is any tendency towards downslope movement during the period of thaw,

the Inorganic material of the hummocks can share in It for a longer period of time than

the organic material in the depressions. It should be noted, that the position of the

permafrost surface beneath the hummocks and depressions \mder discussion Is differ^t

from that which has been encountered for some other types of patterned ground. Where

garlands of stones occupy depressions around centres of finer material, Isotherms in

summer may indicate hl^er temperatures at any given depth in the active layer beneath

the depressions than beneath the hummocks (Callleux and Taylor, 1954, p. 58; of.

Taylor, 1957).

During the fall freeze-back, the soils of the hummocks may be distended by the

formation of Ice lenses, not only near the surface, but possibly also at depth. When

the ice lenses thaw In the summer, there may be differential movement in a downslope

direction, particularly in the surface material (Slgafoos and Hopkins, 1952, p. 178).
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Movement mi^t also be aided by excess water from melting of the ice lajrers and a

reduction of shear strength following disturbance due to ice layer formation (Williams,

1957). The role of pore water pressure is unknown, but it may be important.

The net result of the many factors contributing to movement may be that each

hummock tends to override the organic material in the depressions immediately down-

slope from it (Figures 5 and 6). This may often be cbserved where bands of organic

material in the depressions dip upslope.

Once organic material is overridden, it generally remains at the base of the

active layer. An examination of many sections shows little upward "convectlve" move

ment. Indeed, as organic material is progressively rolled under, the permafrost table

may rise until part, at least, of the organic material is incorporated into the permafrost

zone.

Overriding is believed to be a slow process with an average yearly movement of

only a minute fraction of an inch. The process is so slow that fresh organic material

accumulates in depressions and partially decomposes, before being rolled imder. hi

an area where hummocks are two to three feet across, a hummock movement of 10

feet downslope In a few thousand years would result in several hummocks overriding

any given point beneath the ground. It would require only a portion of the organic

material between the hummocks to be overridden in order to produce an organic layer.

There might also be some squeezing of organic material from the depressions towards

the centres of the hummocks, but without an upward convectlve circulation as suggested

by Hopkins and Sigafoos (1951).

It should be pointed out that overriding is dependent upon hummocks maintaining

some semblance of individual identity for hundreds, if not thousands, of years. This is

probably the case. Dwarf willows, ground birch, and lapland rhododendrons growing on

hummocks or on the sides of depressions may be many tens if not a hundred years old.
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At the Engigstclak archaeological site on the Yiikon coast, artifacts and refuse of

complexes, possibly ancestral to the Eskimo of the Yukon Arctic coast, occur in

surface materials and humus (MacNelsh, 1956). Numerous excavations show that

1

Figure 5. The white string
marks the boundary between min
eral soil and organic material. An
ice-wedge shows up as white in the
bottom of the photograph. Note how
organic material occupies the'de
pression, Permafrost is 12 to 18
inches below the surface.

some inter-hummock depressions are filled with refuse that was either thrown into

the depressions, or naturally accumulated in such low spots. As archaeological

evidence su^^sts that the complexes associated with the refuse may be weU over a

thousand years old, there Is good archaeological evidence to show that hummocks and

depressions may maintain their individuality for over a thousand years.

The progressive burial theory seems to explain satisfactorily the known char

acteristics and peculiarities of the organic layer. The discontinuous extent, varying

thickness, and mixture of fresh with decomposed organic matter would result from

progressive burial of organic material in different stages of decomposition; fresh

material can fall into the cracks or be pushed downwards by the step of a passing

animal. The position of the organic layer at the base of the active layer and in
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permafrost logically results from the theory. The smearing of the organic layer over

mineral soil accounts for the absence of underlying soil profiles, root systems, and

downward penetrating organic tongues. Stones found at or near the organic layer may

3 r

Organic moteriol

B

Permafrost surface

0

Figure 6. Hummocks A and B move downslope so that A
moves to position B. The organic material in the depression at E
Is smeared along the permafrost surface.

have been frost-heaved to the surface andthen moved laterally by frost heaving and

gravity Into the organic material of the depressions. The sandy and sUty material in

some organic layers may have been washed from the bare spots of the hummocks and

screened throu^ the filter of organic material in the depressions. Water oozing out

from organic layers when they are sectioned shows that they act as ready aquifers for

the filtering of ground water.

There Is no doubt that climatic oscillations have taken place In the Western

Arctic, as elsewhere, during the past few thousand years. At times of warmer

climates, the active zone would have been thicker, and the organic layer may have

formed at greater depth. On the other hand, the gradual downslope movement of the
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active layer may locally cause a slight retrogression of the permafrost surface.

However, in several areas where the active layer was slowly sliding off the hilltops

like frosting off a cake, plugs of inorganic material had pimched from below the

permafrost stirface through the organic layer into the active layer. The plugs were

from a few inches to a foot or more in diameter. Some had punched upwards at

least 18 inches. Such plugs were common where the organic layer overlay fine

cohesive material that remained "plastic" even when the temperature was below

freezing and ice segregations were present. The pressure required to squeeze the

fine material upwards through the organic layer might have been supplied in several

ways; for example, by the lateral growth of vertical ice we^es. The injection of

plugs of soil from the permafrost zone into the active layer may be one means of

renewing the inorganic soil of the active layer as It slides slowly off a hilltop.

Organic layers occur more frequently under cohesive soils like silts and

sUty clays under noncohesive sands. This is to be expected, because vegetation

is more abundant in hummocks composed of fines; the organic tongues extend to

greater depths and permafrost is shallower. As a rule of thumb, permafrost in sand

will be roughly 30 to 50 per cent deeper than in silly clays so that sparse organic

material has a much smaller chance of being frozen at depth and rolled under. In

sandy areas, humlc streaks seem to be the counterpart of the organic layers of fine

soils.

CONCLUSIONS

Organic layers are not local phenomena, but appear to have a wide distribution

in the tundra regions of the world. They have not formed as a part of tundra soil

development, in the pedologlc sense, but have resulted from progressive burial of the

organic tongues that extend downward in the depressions between hummocks. The
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organic layers develop slowly, probably over a period of thousands of years. A record

of former climates may be obtained, in part, by a study of plant microfossils. The use

of carbon 14 determinations for the age of the organic layers should be treated with

reserve, because organic materials of greatly differing age maybe intermixed. Tn

areas which have been Inhabited by man, ashes, refuse, and artifacts have tended to

accumulate in the natural pockets formed by the inter-hummock depressions. These

evidences of human occupation maybe rolled under, along with the organic material,

to give organic layers with artifacts., bones, charcoal, ashes, etc., with the oldest at

the greatest depth, the youngest nearest the top, although inversions occur.
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