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THIN IRON PANS: THEIR OCCURRENCE AMD THE CONDITIONS 
LEADING TO THEIR DEVELOPMEHT 

by 

A.W.Ho Damman 

mTRODUCTION 

I ot 

The thin iron pans which will be discus~ed here are those found in 

soils described as placaquods and placorthods in the ~o_il classification 

system ot the United States Department of Agriculture (18) and as iron pan 

podzols by the National Soil Survey Committee (15) o They are entirely unlike 

other hardpans, sucli as ortstein, which are connnonly encountered in podzol 

soils. 
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First their characteristics, geographic distribution and position 

in the profile will be described., It will be followed by a more detailed 

description ot the conditions under which they are found in Newfoundland where 

they· are. common in a great variety of soilso Consequently, the:i.r occurrence 

here prov:l.des a good starting point for a discussion of their oririn and the 

environmental conditions necessary for their development. After this their 

occurrence under more unusual conditions will be explained. 

CHARACTERISTICS 

The pan consists of a very thin ribbon, only 1 to 2 m.m~ thick, with 

a reddish black to verY. dusky red (10 R 2/1 - 2/2)colour!f and a metallic lustreo 

It is strongly cemented and impermeable. It overlies a rust red (10 R 4/8 -

2 ., IR 4/8) layer which is up to 1 cm. thick but never cemented. Since the 

!/ The Munsell colour notations are those for moist soils. 
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rust red horizon is always associated with the cemented ribbon it should be 

considered as an integral part or the iron pano 

Well-developed thin iron pans have a total iron content varying 

from 12 to 16 per cent in the upper cemented ribbon and from 2 to 6 per cent 

in the rust red lSJer o The iron in the rust red lqer can be extracted by 

either Deb's method (7) or with Oo02 M. EDTA and sodi"t2m dithionite (l, 2), 
! ~ 

but only about 10 per cent or the iron in the cemented layer is extractable 

with these methods. The pan contains also organic matter; a loss on ignition 

as high as 13 per cent was measured in some pans but usually it is less than 

S per cent. 

The most striking feature or the iron pan is its erratic course 

through the profileo It will follow a straight course for some distance; 

then suddenly dip down to a position ten or twenty inches farther down, and 

as suddenly rise again to another level o Sometimes:, the pan shows strange 

contortions or shows up as an isolated circle well above the general level of 

the pano .Upon further investigation these often, but not always, prove to be 

cross sections through tubes of iron pan linked up with the main pano 

Boulders and rocks do not alter the position of the pan, but it will leave a 

distinct mark on them which is often still present on transported materialo 
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GECGRAPHICAL DISTRIBUTION AND POSITION WITHIN THE PROFILE 

The thin iron pans are common in cool climates with a high pre

cipitation. They have been reported often from Scotlaro (13 1 14, 16, 10) 

and northwestern England (4; S) but they occur also in Ireland (17), 

Newfoundlandv', New Zealand (ll) 1 Tasmania (18) and in a poorly developed 

form in Belgium and the Netherlands (20)o s 

They are most commonly found in podzol soils but they occur also 

under gley soilso Their position in the profile is also by no means fixed. 

Depending on the environmental conditions it can occur in almost any horizon 

from the Ae to the p.arent material, even within one soil type its position 

may vary as was pointed out before o It may also occur under a gley horizon 

but it is never found within a gley horizono 

DISTRIBU'ITON WITH RESPECT TO SOIL TYPE 

Most of the reports of thin ir~n pans have been from podzols on 
l 

i well-drained slope positions where the pan occurs under the Ae, between the 

humus Band iron B horizons (13, 14, 10),or at the base of or within the 

plough layer of cultivated soils (4, l7)o Crompton (4) described these pans 

also from shallow peat soils with gleyed eluviated miner al soils o 

· In Newfoundland the thin iron pans are cotTL~on in well-drained 

podzols under maritime heathland dominated by Kalinia an~ustifoliao They 

occur most commonly between the humus and iron B horizon as they do in many 

Scottish iron pan soils. In these soils tney are most common in areas with 

Y Chancey, H.WoRo 19510 Report on soil survey work conducted 
in Newfoundlando Canada Depto Agrico Unpublo Repto 
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a precipitation of fifty inches or over like the Avalon and Burin Peninsulas 

and along the south coast, but they are absent in the drier northern and 

interior parts of the island. 

They occur also ~n soils similar to the peaty gleyed podzol soils 

or Crompton (,) and under wet iron humus podzols but they reach their optimal 

development under hydromorphic humus podzols and1 associated ~oils under deep 

peat bogs, from which they have not been described thus far. Under these 

soils they can be found on the entire island. 

These hydromorphic humus podzols (6) may be overlain by a peat 

layer up to six feet thick. They have a distinct Bhl horizon with up to 

fif'teen per cent organic matter which grades into a Bh2o An iron ribbon 

separates the slightly humus enriched lower part of the Bh2 horizon from 

the underlying parent material which is dry and freely drained o The Ae can 

also contain considerable amounts of organic material but whereas the humus 

in the B horizon occurs as coatings over the sand grains, the humus in the 

Ae horizon consists of small humus particles washed into this layer from the 

overlying organic horizon. 

This whole podzol profile is definitely deficient in iron down to . 

the th:i.n•iron pan. In our analyses it contains from 0'11 to 0o03 per cerit of 

free iron. It is always poorer in iron than the unweathered layers under the 

thin iron pano 

The iron pan i.e. the cemented ribbon and the rust red l~er contains 

an amount of iron equivalent to the amount leached from the overlying mineral 

soil. This indicates that iron mobilization has actually occurred hereo 

~~~---·.,. 
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Once developed the iron pan may cause changes in the overlying 

profiles a gley horizon1/ may develop in the depressions or the pan or 

allochthonous B horizons may develop owing to lateral movement of peat water 

over the pan. Sometimes the lateral £low of peat water with a high amount 

or humus colloids may cause the development of a second Bh on top or the 

-iron pan and separated from the normal Bh horizon by a layer with a much 
I 

lower organic matter content. However, verJ often it leads to the development 

of one very thick Bh horizon (Figure l)o 

These bog soils are little known because in most soil survey work 

all peat deposits over one foot thick are mapped as peat bogso Consequently, 

the attitude of most pedologists has been to disregard the unde~lying mineral 

soil assuming that it is always gleyedo An additiona1 reason is of course 
j 
L the difficulty or studying these soils. Soil pi~s fill up with water before 

;_ 

~ they are dug and this hampers all further study. It is only when large 
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gravel pi ts or rai1road cuts expose the underlying soils that one can rea1ly 

study them. 

G~NESIS OF THE IRON PAN 

· Muir (13) was the first to draw attention to these thin iron pans. 

Its occurrence between the iron and humus B horizon made him suggest that 

it developed by gradual cementation of the upper part of the iron B of a 

normal podzol, once deveioped it would result in stagnation of rain water 

and gleying of the upper horizons. 

'JI This reduced layer contains an amount of iron roughly 
similar to that in the parent material 
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Soil Profile Under Peat Bog, illustratine both thick 
Bh horizon and a second (~llochthonous) Bh horizon. 
Both .. have developed owing· to lateral movement of peat 

.. ,. water over the thin iron pan. 
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Although this explanation may seem adequate for the iron pan · 

formation at the top of the iron B horizon of maritime podzols belonging to 

the humic podzol great group (1$), it obviously cannot explain their occurrence 

in either the middle of an Ae horizon or down in_a C horizon where nothing 

seems to impede downward percolation of the soil solutiono 

Proudfoot (17) described thin iron pans from archeological sites 
,! 

where they occurred under cultivated soils~ He attributed their formation 

to intensified podzolization after. cultivationo Pe~t formation was thought 

to result from subsequent stagnation of rain water on the pan., Intensified 

podzolization is a vague concept and it is hard to understand why intensified 

podzolization would lead to such a different type of B horizon developmento 

;. It also fails to explain why the pan develops in such a variety of horizons 
t 

' i rather than in the existing B., 

i t It is interesting to note that wherever these pans occur they are 

associated with a poorly drained soil underlain by a permeable and freely 

drained subsoil!!/. Usua1ly the gleying and sattt!'-6.ted conditions above the 

pan have been attributed to the occurrence of the pan (13, 17) but one should 

not lose sight of the possibility that the pan is the result of the water 

saturated surface horizons rather than the cause or it~ 

Muir (13) mentioned th1spossibility but it was Crompton (4, 5) 

who showed the merits of this hypothesiso Given saturated conditions in the 

surface soil the iron will be easily mobilized as it occurs as ferrous iron 

which is soluble up to well over pH 9 (12)o Consequently most iron will be 

leached from the wet surface horizonso However, aerobic conditions prevai1 

in the freely drained lower part of the profile and when the ferrous ions 

1±/ Once developed thin iron pans persist after drainage o There
fore, thin iron pans can be found occasionally in roadside 
cuts in dry soilso Upon close examination these soils show 
evidence· or previously existing wet comitionso 
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reac~ the air-water interface they will be oxidizedu This results in the 

.precipitation of iron in a very narrow zone and ultimately it leads to the 

development of the thin iron pan. 

As pointed out later this hypothesis can explain the characteristics 

of the pan as well as its position in the profile. However it is necessary 

to describe first the conditions which will cause the presence of a poorly 

drained surface layer overlying a well-drained and aerated subsoil, and to 

show that these conditions are not purely hypothetical but actually ·occur in 

nature. 

In Newfoundland and in other areas with a cold humid climate tha 

decomposition of organic matter is slow. Thick raw humus ·1ayers occur common

ly but it is particularly pronounced under the Kalmia heath lands in the humid 

parts of the island. Longterm occupation by Kalmia leads here to the develop

ment of ericaceous mor,often over one. foot thick. Owing to the high and well

distributed precipitation this .layer will remain sogcy throughout the year; 

it acts as a sponge and it will maintain saturated conditions in the miner al 

soil immediately under it . Blanket bog formation on well-drained positions 

is also common in areas with high precipitation, and the zone with capillary 

water hanging under these bogs will keep the upper part of the mineral soil 

saturated with water . 

Thus poorly drained surface soils can occur on otherwise freely 

drained deposits if t he proper climatic conditions occur. The coincidence 

of the optimal range of thin iron pans with areas with a perhurnid climate 

·-::: ... ,,_is of course no proof for this hypothesis on the origin of iron pans as 

~~h precipitation will al so result in more se~ere podzolization. But there 

factors which support the hypothesis . 
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1. The precipitation at the air-water interface explains why the 

iron is concentrated in such a thin and well-defined layer. 

2. It is consistent with the distribution of iron in the hydro

morphic humus podzols. Low levels of iron such as are found in 

these soils will no~ occur on well-drained soils but they do 

occur in many wet podzols (-3, 8, 9, 12, 19, 20) . Fieure 2 shows 

the difference in iron and organic matter distribution on a well

drained soil and a soil under a blanket bog ~n essentially silllilar 

parent materials. Thus iron removal appears to have occurred under 

imperfectly drained conditions. That vertical translocation of iron 

and humus colloids is possible under permanently wet conditions is 

shown by the fact that the iron in the thin iron pan roughly equals 

the amount leached from the overlying horizons as well as by the 

development of a humus podzol in these soils. It is also to be 

expected since the capiilary zone has a maximum thickness which is 

determined mainly by soil texture. If more water is added it will 

result in the loss of water from the lower part of t he saturated 

zone (6). 

3 • The position of the pan depends primarily on t he location of the 

lower part of the saturated zone . This explains why the pan can 

occur in such a variety of horizons and why it is almost independent 

of textural changes. Someti mes t his s aturat ed layer can be caused 

by the presence of humus- rich or cemented genetic horizons but if 

.:. it is hanging from an organic layer its position will depe.nd on 
..,._ F,1 .-,. 
;'-
. climate and soil texture rather than existing profile horizons. 

~t ·,Th~ hypothesis accounts also for minor irre1rnlarities in the 
~ i 

"';·location of the pan since· the lower part of this perched saturated 
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zone will ~ary in depth as a r esult of textural variations. However, 

Crompton (4) may well be right when he suggests that the formation of 

the peculiar contortions which are sometimes found result from a 

gradual downward movement of the pan due to reduction and solution 

of iron on the upper surface followed by diffusion and reoxidation 

at the lower surface. 

,. The hypothesis also explains their development under more unusual 

conditions. 

In cultivated soils as described by Proudfoot (17) the disturbance 

of the natural forest vegetation and the compaction at the plough 

sole may have led to waterloefing of the surface soil and subsequent 

pan formation. 

The i ncipient iron pan found in some West European heath podzols 

(20) are caused by periodical saturation of the very humus-rich 

black upper part of the B horizon.2./ overlying the normal Bh of the 

West European heath podzols. 

2/ This black layer at the surfc>.ce of the normal Bh contains 
bleached sand grains and up to about 20 per cent organic matter 
which occurs as black humus pellets whereas in a normal Bh the 
humus occurs also as brown coatings on the soil particles • 
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CONCLUSIONS 

In summary the conditions for iron pan development are: 

(a) the existence of imperfec~ly drained conditions in some part 

of an otherwise freely drained soilJ usually as a result of 

the presence of a "sponge horizon" either on top of or in the 

mineral soil. 

(b) Downward movement of t he soil solution. In spite of the poor 

drainage vertical percolation of water must be able to take 

place so that iron can be leached to the area of pan: formation. 

This is the reason for their absence in fine textured soils 

and soils with a genuine ground water level . 

Normally these conditions are f ulfilled only on sandy or gravelly 

soils in perhumid climates but locally t hey may exist elsewhere. 

The iron pans under blanket bogs appear to be a result of primary 

soil-profile development but in most other soils they are secondary formations 

in existing profiles due to disturbances of the natur al vegetation under which 

the profile developed. Often these changes are the r esult of anthropogenic 

disturbances but t hey may result from repeated natural fires. 



-..:!:..~- -...---~-- ---------- - ------------
REFERENCES 

ami T d K ada K 1959. A new method for determining free iron As , • an um , • 

in paddy soils. Soil and Plant Food (Tokyo) 5, 141-146. 

Asami, T. and Kumada, K. 1960. Comparison of several methods for 

determining free iron in soils. Soil and Plant Food (Tokyo) 

5, 179-183. 

Coninck, F. de. 1954. Differences dans la ~orphologie ·aes podzols 

suivant l'humidite. ve Congres International de la Science du 

Sol, Leopoldville, IV, 412-417. 

Crompton, E. 1952. Some morphological factors associated with poor . 

soil drainage. J . Soil Sci. 3, 277-239. 

Crompton, E. 1956. The environmental and pedological relationships 

of peaty gleyed podzols. ' vre Congres International de la Science 

du Soil, Paris, E, V-25, 155-161 . 

Darnman, A.W.H. 1962. Development of hydromorphic hu.~us podzols and 

some notes on the classification of podzols in general. J. Soil 

Sci. 13, 92-97. 

Deb, B.C. 1950. The esti mation of free iron oxides in soils and clays 

and their removal . J. Soil Sci . 1, 212-220. 

Diepen, D. van. 1956. Hydromorphological and morphogenetic profile 

characteristics of humus podzols of t he Netherlands. VIe Congr~s 

International de la Science du Soil, Paris, Esr V-75, 453-461. 

1914. It 
Zur Fraf e mach der Einteilung der Boden in Nordwest-

II 

Europas Moranengebieten. Geol. Kemmis. Finland, Geotekn. Medd. 

14, 1-124. 

R. and Dion, N.G. 1949. The association or hydrologic 



\ ' 

____ :----=- fll19T. - -

sequence in certain soils of the podzolic zone of north-east 

Scotland. J. Soil Sci. 1, 35-49. 

11. Harris, C. S. and Harris, A.C. 1939. Soil S1.U'vey of Westport District, N.Z. 

D.s.r.n., Bull. 71, 27 p . 
II 

12. Lonnemark, H., Wicklander, L., and Matson, S. 1940. The pedography 

of hydrologic podzol series. 
II 

Landbr. Hogsk. Ann . 8, 183-207. 

13, Muir, A. 1934. Soils of the Teindland State Forest. Forestry 8, 25-55. 

14. Muir, A. and Fraser, G.K. 1940. The soils and vecetation of the Bin and 

Clashindarroch Forests. Trans. Roy. Soc. Edinb. 60 (1), 233-341. 

15. National Soil Survey Committee of Canada. 1963. Report on the fifth 

annual meeting, Winnipeg . 92 p. 

16. Ogg, W.G. 1935. The soils of Scotland. Emp. J. Expt. Agric. 3, 

174-188 . 

17. Proudfoot, V.B. 1958. Problems of soil history. Podzol development 

at Goodland and Torr Townlands, Co.~ Antrim, Northern Ireland. 

J. Soil Sci. 9, 186-198. 

18. Soil Survey Staffy U.S . Dept. Agriculture . 1960. Soil classification, 

a comprehensive system (7th Approximation) . U. S . Go·vt. ·Printing 

Office, Washinr,ton. 265 p. 

O _ II Q ., 19. Tamm, 0, 1931. Studier over jordmanstyper och deras forha.Llande 
11 

till mar kens hydrologi i nordsvenska skor sterr anger. Hedd . 
II ti 

Statens Skogsforsoksanst . 26, 163-408. 

20. Zonneveld, I.S . and Bannink, J .F. 1960 . Studies van bodem en vegetatie 

op het Nederlandse deel van de Kalrnhoutse Heide. Stichting voor 

Bodemkunde, Bennekom. Rept . 2429, llS p. 


