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PREFACE 

It is natural that in our boggy country great attention has been paid 
to bog investigations from many points of view. The elucidation of those 
physical-chemical properties, which are characteristic of the whole peat 
strata and, in the first place, are connected with the technical uses of peat, 
has hitherto been almost entirely neglected. In connection with the in- 
ventory investigations of peat resources under taken by the department 
for sedimentary deposits of the Geological Survey the writer has during 
several years had opportunities of entering into Borne of these questions. 

In these investigations it is interesting to examine properties of the 
p a t  strata of a certain bog. For such purpose the Pinomäensuo bog (Ui- 
vonsuo) at Pöytyä was chosen as an object of research. This bog is a dis- 
tinct highmoor. In research attention has been paid to peat kinds, age 
relations of peat, hurnification, reaction, ash content, heat value, and 
bitnmen quantity, and also to their mutual relations. 

The samples for this investigation were taken according to my instruc- 
tions by Forester V. E. Valovirta, and the physical-chemical analyses were 
made at the laboratory for sedinentary deposits of the Geological Survey 
under the direction of Mr. A. V. P. Toivonen, M.A. To these, as weil as to 
the persons who have taken part in the treatment of the material, and to the 
traiislator, l\lrs. A-L. Okko, M.A., I beg to express iny special thanks. 

THE BOG AND ITS DEVELOPMENT 

The Pinomiiensuo bog is situated in the parish of Pöytyä, SW Fin- 
land, about 4.5 km.NE of Aura railway Station and south of the railway. 
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Fig. 1. Long profile of the Pinomäensuo bog with peat kinds. Broken lines show the posi- 
tion of the surface of the bog at  the intervals of 1000 years, so that the nndermost line - the position abont the year 1 000 B. C., the following (f 0) about Christ's Birth and the 

next about the year 1000 A. D. The signs of peat kinds see Fig. 6. 
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The area of the bog comprises about 60 hectares. It measures in the \VE 
direction about 2 km. and its greatest breadth is over 1 km. 

The Pinomäensuo bog is a highmoor of convex surface (Rg. 1). Its 
altitude ranges from 68 to 70 m. above sea-level. The flanks of the bog 
are oovered with dwarf shrub vegetation with pines. The middle part 
is formed by a treeless Sphagnum white moor, rich in Sphagnum fuscum 
hurnmocks. Here and there in the middle part of the bog there are smsll 
depressions in which, in addition to Sphagnum species that stand much 
moisture, Carez la'rnaea is growing in eparse quantity. 

The bog chiefly gets moisture necessary for its present development 
and for the growth of its peat though rains from the atmosphere, as do 
the highmoors in general. In the first stages of its development the bog 
was situated in a basin, the bottom of which is formed of fine Sand and clay. 
Into this basin nutritious waters have drained from the surroundings. 
f i r n  the stratigraphy of the peat strata, which will later be dealt with 
in detail, it is evident that the bog was then to be considered as a watery 
Carex white moor. Therefore peats found a t  the bottom of the bog are 
entirely Carez-predominant or a t  least contain Carez-remains. These 
Change through E k p k u m  vaginatum-Sphagnum peat (ErS-peat) into 
more or less pure Sphagnum peat (5-peat). The last-mentioned peat kind 
forms the greatest part of the whole peat strata, h ing  a t  its thickest in 
the middle part of the bog. On the basis of its stratigraphy the Pinomäen- 
suo bog is a normal highmoor. 

Pollen analytiaally it has been ascertained that paludification in the 
basin of the Pinomäensuo bog started during the last stages of the Littorina 
period, a little before spruce began to attain its maximum. The position 
of the bog surface is marked in Fig. 1 with broken lines at intervals of 
1000 years, so that the undermost line indicates the surface of the bog 
about 1 000 B. C., the following line a t  the time of Christ's Birth, the next 
about 1 000 A. D. or a thousand years ago, the highest limit of the figure 
naturally showing the present surface. Thus i t  is proved that during the 
earliest stages of the development, until the year 1000 B. C., SC-peat 
was being formed in the Pinomiiensuo bog, the surface of which was nearly 
horizontal. The boggy area was then fairly insignificant. During the 
following thousand years the area of the bog increased manifold and dur- 
ing the end of that period the peat kinds became S-predominant. In the 
marginal parts of the bog CS- and SC-peats were being formed, in the 
middle part ErS-peat. During the last 2 000 years, the growth of S-peat 
continues in the first place, dthough on the flanks of the bog the forma- 
tion of CS- and ErS-peats takes plaw, these peats also being met with 
at places on the surface of the middle part, depending upon the influence 
of nutritious waters draining from the surroundings. 
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INVESTIGATION MATERIAL AND METHODS ,. . . . , n. 1.- * 

In order to carry on the investigation from the points of view presented 
in the preface, five sample series were taken from the peat strata of the 
Pinomäensuo bog, all from the Same line, crossing the bog from NW to 
SE. The sample series were taken a t  distances of 200 m., only the first 
and the last b r ing  point being situated a t  the distance of 50 m. from the 
border of the bog. There are 27 samples in all, and their number varies 
a t  different br ing  points, depending upon the thickness of the peat strata 
and upon the changes of peat kinds and degrees of humification, as shown 
in Big. 1. 

In the field investigations L. V. Post's peat formula has been used, 
according to which peat kind, degree of humification (H,- „), water 
content (B,_- ,), amount of Eriophorurn vaginatum fibres (Fo- ,), amount 
of rhizomes (Ro- ,) and that of wood remains (V,- ,), have been deter- 
mined from each sample. 

After the samples had come to the laboratory, their reaction was a t  
once determined in fresh condition by means of the Danish Autonometer 
Type 21 from peat porridge made thinner by distilled water. 

The air-dried samples were later ground into powder, from which the 
determinations of the amounts of ash, heat value, and bitumen were made. 
Using the Same powder the peat kinds were checked microscopically. In 
my opinion, the most trustworthy determination of a peat kind is to be 
obtained in this manner, nor is it to be feared that occasional occurrences 
of certain plant remains, e. g. fibres of Eriophorurn caginatum, can dominate 
too much, as may be the case when handling small samples. All plant 
remains, found in each sample through microscopic analysis, have been 
taken into consideration, and marked in Table 1 according to the peat 
formula. The denominations of peat kinds are restricted to express one 
or two plant substances. The latter letter thus denotes the main mass of 
peat t~nd the former its secondary substance. Other more insignificant 
plant mattem become clear either from the peat formula elsewhere or from 
the notes made after it. A more exaot analysis is not held to be necessary, 
because one has to be satisfied with such accuracy as a trained investigator 
is able to attain in field work. 

The ash content has been determined in the usual way as ignition 
residue, by burning about 5 g. of peat. 

The calorimetric heat values have been determined by burning 1.2 g. 
of peat powder (pressed into a tablet) in a combustion bomb of 300 C. C. 

under pressure of 20 atmospheres. Before burning, peat powder has been 
dried a t  105°C. The influence of nitrogen and sulphur upon the effective 
heat value of peats has not been taken into consideration. The heat values 
= kcallkg, abbreviated cal. 



Table 1. Physical-ohemical results of anaiyses of peat aamples 

Peat formula 

1 
2 
3 
4 

I I 9" 
aamp~e I *H 

m l  I 
I I 1 

Boring point 1 
S-t HlB8FoRoVo .................. 
S-tl H3BsFoRo-l (Ei V. C, N 

~rs - t l  H6B3Fo-,R. (Er] V, C, L 
CS-t H,B,F,-,Rl (C) V, Eq, L 

5 
6 
7 

9 
8 

10 
11 

12 
13 
14 
15 
16 
17 

18 
19 
20 
21 
22 
29 

24 
25 
26 
27 

Br = 

0.61 
2-04 
2-19 

10.03 

C = Carex N = ATanolignidl S = Sphagnuwt 
Eq = Eqzcisetuin Phr = Phragiwites Sch = Scheaichzeria 
Er  = Eriophorctm iiaginatum 

0.2-0.4 
0.6-1.0 
1.1-1.4 
1.5-1.7 

Eeat vd i r  kcaiikg 

Es' / Hi I Hi I H i i  

Average H,., 3.84 3.72 5 088 4 881 4 564 3 019 6.61 6.91 

3.20 
3.86 
3.90 
4.40 

4483 
4783 
5 244 
5 840 

Bitumens 
fmm Med 

matter 

% I E % 

4.14 
1.81 
7.03 

10.45 

Boring point 2 

h 456 
4 685 
5 18 
5 254 

4.17 
4.91 
7.19 

11.62 

ErS-t 
Eis-t 
ErS-t 

S-t 
ErS-t 
SC-t 

0.1-0.2 
0.3-0.5 
0.6-1.0 
1.1-1.53.72 
1.6-2.0 
9.1-2.4 
2.6-3.0 

H6B3FoR1-, (Er, C) V, ....... 
H,B3F1R, (Er) V, C 
H4B,FoRl (Er V,. ............ 

............... 
HsB4FoRoVo 

d S-tH3B,Fo-lRo , 
Er, L 

HB„FIR, (Er V,. ............ 
H,B3Fo-,R. !C) V, Br,Phr 

Average H,., 3.91 1.47 5 117 5 040 4 716 3 126 6.67 6.78 

4 145 
4 371 
4 804 
4 934 

1.37 
1.45 
1.22 

1.18 
1.42 
2.65 

3.68 
3.59 
3.80 

3.89 
4.28 
4.43 

2 726 
2 884 
3 187 
3 278 

5 180 
4 975 
4871 

4 768 

5 872 

4 192 
4 80'2 
4 447 
4 484 
4 516 
5 2803 

Boring point 3 

Average H,., 3.93 1.88 5 083 4 983 4 670 3 094 6.68 6.82 

5 109 
4 903 
4812 

0.994787474044422934 
4 712 

53635287 
5 718 

4 801 
5 125 
4 760 
4 788 
4 806 
5 612 

6.21 
7.72 
5.81 
5.51 
5.41 
9.40 

0.1-0.2 
0.6-0.8 
1.1-1.5 
1.6--2.0 
2.1-2.5 

2 969 
3 186 
2 937 
2 963 
2 986 

521 

1.75 
3.89 
0.81 
0.84 
1-07 
2.94 

S-t 
CS-t 

S-t 
S-t 

ErS-t 

7.64 
6.73 
6.45 
4.61 
5.08 
6.83 

11-10 

6.32 
8.00 
5.86 
5.56 
6.47 
9.68 

3.71 
4.02 
3.71 
3.80 
3.73 

4896 
5 332 
4 799 
4 829 
4 858 
5 782 

HlB3FoRoVo BK, 
H7B,Fo-,R, (C:, Er) V, Scli 
H,B3FoRoVo L 
H3B,FoRoVo Br 
H4B3F,RoV Polyp 

Boring point 4 

7.54 
6.63 
6.37 
4.56 
5.02 
5.75 

10.81 

4 767 
1595 
4500 

4406 

5 371 

4.59 SC-t 

S-t 
S-t 
S-t 
S-t 

3 161 
3 041 
2 975 

2 909 
49293275 

3 586 

H,B,F,R, (8) V, Er, L 12.8-3.2 

H , B 3 F o ~ , R o ~ ,  Er V, L 
H,B3Fo-lRo-l [Er] V, C ....... H ~ B , F o ~ l R o ~ , ( E r ) V o  ....... H,B,F,-,Ro- (Er) V, 

1.39 
0.98 

1.42 
1.78 

0.1-0.5 
0.6-1.0 
1.1-1.53.85 
1.8-2.0 
2.1-2.5 .......... EIS-t H,B,F,-,R, (h) V, 

7.26 

3.70 
3.7 i 

4.11 
4.35 

CS-t/ H,B3Fo-l (C) Phi. 2.6-3.0 

6.47 
5.7s 
4.98 
6.52 
6.26 

4 871 

4 833 
4938 

5.21 
Average Ha.6 4.1 5 2.32 5 024 4 900 4 585 3 033 6.21 6.38 

6.56 
5.8, 
5.03 
5.611 
6.37 

8.23 

4823 
1.114826477144792960 

4 764 

5 720 

495448804520'2986 
4 515 

4 465 
48604541 

8.81 5 305 

2 98ö 

2 950 
3 003 

4 987 3 315 

Average H, 4.11 2.1 7 5 180 5 063 4 750 3 150 7.85 8.05 

Total H,., 4.00 2.19 5 093 4 976 4 659 3 086 6.73 6.; 

Bryales L = Lignidi Polyp = Polypodiacens 

Bwing point 5 

1.1-1.54.46 
1.6-1.8 

0.1-0.23.69~1.38458746'2442182777 
0.6-0.83.971.334705464143442866 

5 863 
CS-t 
SC-t 

2.095576Ö4595141342310.~~10.6~ 
5 298 4.55 3.86 5 627 

S-tHlB3FoRoVo .................. 
............... S - - ~ H ~ B , F ~ - , R ~ V  ........ H 7 B , F o ~ , R , ( 6 ) V o ~ ,  

A8B8Fo- ,R1-, (C) VOhl Eq 3533 

5.12 
5-03 

10.20 

5.19 
5.71 

10.61 
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The bitumen determinations have been made by extracting 5-10 g. 
of dried peat powder a t  105OC in the Soxhlet apparatus and a mixture 
of benmne and alcohol (1 : 1) has been used as solvent. 

PEATS AND THEIR HUMIFICATION 

Peat kinds found in the Pinomäensuo bog have already been briefly 
dealt with above, but as the results of this investigation depend upon them 
in a decisive manner, their more detailed examination will still be needed. 
Humrfication of peats is so closely connected with peat kinds that i t  will 
be examined a t  the Same time. 

Though only giving a superficial glance a t  Table 1, i t  is clear that the 
slightly decayed S-predominant peats form the chief elements in the succes- 
sion of strata (see also Figs. 1, 5, and 6). Especially the share of S-peats 
is very considerable. Moreover, they are in the main part pure, chiefly 
Sphagnurn fusczlm peats, as is the case in the highmoors generally. In 
some samples there are to be found as )>impurity)) sparse fibres and rhizomes 
of Eriopiiorum vaginatum. At the boring points 1, 4, and 5 the slightly 
decayed S-peatlayer continues without a break from the surface of the 
bog to a depth of 1-2 meters. At point 3 i t  is broken off by the 0 . 3  m. 
thick CS-peat layer, where the degree of huminosity is considerably higher 
than in S-peat situated above and under it. At point 2 there is in the top 
part of the bog ErS-peat H,- ,  in a thichness of 1 meter and beneath it 
S-peat H, also in a thickness of 1 meter. S-peat changes through ErS- 
peat mostly into SC-peat. An exception is found at point 5, where the 
Change takes place through CS-peat, as well as at point 4, where SC-peat 
in entirely lacking. The last-mentioned peat kinds form the undermost 
peat strata bordering the mineral ground. Compared to S-peats, they 
contain considerably more additional matter, among which m.ay be men- 
tioned, in the first place, the general, even though sparse occurrence of 
wood remains. In S-peats the degree of huminosity is generally low, mostly 
H,- ,. In ErS-peats it  is regularly higher, varying from 4 to 6. Among 
the lastmentioned kinds the bring point 2 is the most interesting, as the 
degree of huminosity in ErS-peat is on the surface of the bog a t  its highest 
and becomes lower downward. It may be mentioned that in the samples 
in question there occur C-remains, most in the uppermost ones, where they 
have been ascertained already macroscopically during field work. The 
degree of huminosity in CS- and SC-peats is, without exception, higher 
than is the case with other peats found in the bog, varying 7-8. Also 
at  br ing  point 3, where CS-peat enters as a thin layer between S-peats, 
its degree of huminosity is 7, apart from the fact that this peat is comparat- 
ively young and the difference in age between it and the CS- and SC-peats 
found at the bottom of the bog is even over 2 000 years. 



Gomparing peat kinds and their degree of huminosity with each other, 
atfention is called to the fact that in the degrees of huminosity there is 
a p a t  difference between those of S- and ErS-peats and between those 
of CS- and SC-peats. At the bottom part of the peat strata, this difference 
seems to be regularly 3 degrees of huminosity, but in the upper part at 
the boring point 3 it is still greater. 

As is proved by the above, in the Pinomiiensuo bog the peat kinds are 
divided on the basis of their huminosity into different groups, SO that 
S-peats are the least decayed (H, - q), second come ErS-peats (H,- ,), 
with CS- and SC-peats together (H,- ,) as the third group. As fo the last- 
mentioned group, it can be ascertained that in CS-peats the degree of 
humhosity is mostly 7 and in SC-peats 8. Consequently, the degree of 
huminosity increases with the decreasing amount of peat forming S p w -  
num remains. This regularity seems to hold good in spite of the age rela- 
tions o£ peats, as becomes evident from the above and especially from 
Table 1, but this fl be dealt with later. On the ground of analysed samples 
the huminosity of the peat strata of the bog is approximately Hc4. At 
the boring points 1 4  the mean values of H are 4. a, 4.9, 4.a, 3.6, and 6. 

As is known, also in the bog decomposition of plants takes place chiefly 
by the aid of micro-organisms. The quality and quantity of microbes vary 
in the peat strata. Thiessen and Johnsson (1929) have ascertained that 
in the snrficial part of an American wooded peat bog there is an abundance 
of fungi, bacteria, and the A c t i m y c e t e s .  Near the ground-water table 
proper fungi are not to be found, but actually both aerobic and anaerobic 
bacteria, as well as the Actimomycetes. Beneath the water table only a n m -  
bio bacteria are encountered. In an American white moor Waksman and 
Stevens (1929) have found from the surface to the depth of 90 Cm, aerobic 
bacteria decomposing cellulose es well as aerobic nitrifying bactena. Fungi 
and bwteria decomposing cellulose decrease rapidly downwards and dis- 
appear entirely at  the depth of 75-90 cm. The Actinomycetes are common 
in the surficial peat of the bog, but disappear rapidly with increasing depth 
and only a few of them are met with at the depth of 120-150 Cm. The 
highmoors have a bacterial flora of their own, chiefly containing species 
enduring fairly strong acidity, the activity of which is not hindered by the 
reaction of pH 4.0, even though on the increase of acidity the activity 
of microbes is generally retarded. 

Waksman has proved that the nitrogen content of peats is of great 
importance to their decay. Nitrogen is, in the first place, needed by mic- 
robes for the deoomposition of oellulose, which the remains of plants contain 
in different forrns. Especially in r9iphqpum mosses there is an abundance 
of cellulose and hemicellulose. Whereas the Carm-species, particularly 
their rhizomes, which chiefly form peat, contain the above-mentioned 
substances but sparsely, they contain, on the other hand, more 1-e of 
great resistance than is the cairie in 8phgnum mosses. When peats decay, 
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the lignine content increases, while the amounts of cellulose and hemi- 
crllulose decrease. 

Amrding to Waksman, the fungi and baoteria need one part of soluble 
nitrogen for each of 30-50 parts of cellulose decomposed by them. More- 
over, it has been ascertained (Waksman and Tenney 1928) that so far 
peats contain more than 1.7 of nitrogen, this amount is quite sufficient. 
for the rapid decay of plant remains, but in so far aa the nitrogen content 
does not attain this degree, the decay of plants will be retarded and in- 
complete. 

Fmm the peats of the Finnish bogs nitrogen analyses have been made 
by several scientists, as Waren (1924), Kotilainen (1928), Lukkala (1929), 
and Kivinen (1933, 1934). It is proved by all the mentioned studies that 
Sphagnum peats contain on the average less nitrogen than is the case with 
the other peat kinds. On the whole, its amount increases in peats, while 
the share of Sp7utgnum mosses becomes smaller. Kivinen has calculated 
the mean values of the nitrogen content of the different peat kininds accord- 
ing to the investigations carried out in our country, as follows: 

N 9; 
Sphagnum peat ........................... 1.2 
Carex-8phagnum peat ..................... 1.8 

SphagnumCarex peat ..................... 2. i 
Eutr. Sphagnum-Carex peat ................ 2.3 
Carex peat ............................... 2.3 
Bryales peat ............................. 2.2 

According to the investigations on the bog plants by Kivinen (1933), 
Sp?mgnum fuscum contains less nitrogen, its amount varying 0.51 - 0.90 %. 
In other Sphagnum mosses the quantity of nitrogen is somewhat greater, 
being greatest in eutrophic species. The information about the low ni- 
trogen content of S. fuscum is interesting, because the Sphagnum peat layer 
of the Pinomäensuo bog chiefly consists of such remains. Erbphrum 
vaginatum, which to a considerable degree forms peat in the Pinomäensuo 
bog, contains, according to Kivinen, 1.1-2.a7 of nitrogen and in differ- 
ent Carex species its amount varies 0.85-2.9 7 %. 

When to the above is further added that the organic mags formed by 
Sphugnum fzlscum is very aoidic - according to Kivinen approximately 
pH 4.0 - and if one mreover takes into oonsideration Waksman's stak- 
ment that hemicellulose in Sphgnum mosaes is one of the more sparsely 
decompoaing hexosanes, whioh already is much less smmptible to decay 
than, are the pentosanes occurring more commonly in other bog plants, 
the differentes in the degrees of huminosity between different peat kinds 
in the bog in question become comprehensible, especially the slight deoay 
o f r5pWnum peats. 

When observing degrees of decay in peats in Pinomiiensuo, attention 
js drawn to the fact that in the surficial parts of the bog there are found in 



the Same peat kind peats either as well or better decayed than deeper down. 
Thus, for instance, a t  the boring point 4 there is in the surface of the bog 0.5 
m. of S-peat H„ but thence downwards until 1.5 m. S-peat HH, and fmm there 
as far as 2 m. again S-peat H,. The difference of age between the first- 
and last-mentioned peat layers is, however, 1 000-1 500 years, as becomes 
clear from Fig. 1. The differenoe of age between the top and bottom parts 
of the H, layer (situated between the afore-mentioned peats) is approxim- 
akly 1 000 years. 

The difference of age between peat layers is distinct in the above- 
mentioned profile, but by means of pollen analyses (Fig. l ) ,  also layers 
situated at different boring points can be compared with one another. 
Then it  becomes evident that a t  boring points 2 and 3 S-peat H, found 
a t  the depth of 1.0-2. o m. is located as to its age relation in either case 
cthiefly between 1 000-2 000 years. The comparison indicates that during 
the last 2 000 years in the Pinomäensuo bog there has been formed S-peat 
H,- ,, and this peat strata Comes down without breaks from the surface 
to the depth of 2.0 m. At bring points 1 and 5 there is in the surface S- 
peat HR,. 

As regards ErS-peats, boring point 2 is the most interesting. These 
peats are found in the surface of the bog as a layer 1.0 m. thick, where 
the degree of decay falls from H, to H, from the surface downwards. As 
becomes evident from Fig. 1, the difference in age between the top and 
bottom limit of this layer is nearly 1 000 years. Deeper a t  the Same boring 
point ErS-peat is again met with, the age of which is 1 600-2 500 years, 
being thus considerably older than the peat situated higher. Of approxi- 
mately the Same age with the last-mentioned layer is at boring points 3 
and 4 ErS-peat H, a t  the depth of 2.0-2.5 m. 

In the Pinomiiensuo bog CS- and SC-peats are generally much decayed 
and situated at the bottom of the bog, being as regards their age relations 
older than other peat kinds. An exception is, however, CS-peat H, at 
boring point 3 at the depth of 0.6-0.7 m. In spite of its comparatit-ely 
young age, about 500-800 years, its degree of decay is the Same, like, for 
instance, that of CS-peat, situated at boring point 4, although the age 
of the latter layer is 2 500-3 000 years. CS-peat Hg of about the Same 
age is found a t  point 1. At boring point 5 CS-peat is encountered which 
oorresponds as to humification to the first-mentioned CS-peat, its age 
being a little higher or 1 000-1 500 years. 

The examples of the peat kinds and their degrees of humification in- 
dicate that the age relations do not decisively a t  least, infhence humifica- 
tion of peats in the Pinomäensuo bog, or, in so far as humification takes 
plam continuously in the whole peat strata, i t  is in the older layers so slow 
and insignificant that i t  cannot be observed by aid of the methods used 
for this study and in the compass of the 3 000 years for which the bog 
in question provides the oomparative material. Instead of this, the material 
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in hand indicates very clearly that humification of peat chiefly takes place 
either just in the surface of the bog, in the source of the formation of peat, 
or at  least in the surficial part, in the first place, in the layer where aerobic 
microbes are doing their decomposing work in remains of plants. Depend- 
ing upon circumstances it may extend in the bog somewhat beneath the 
wahr table. According to this, the microbes living deeper down in the 
peat strata take part in the decomposition of remains of plants to a very 
slight degree. To maintain their vital functions, they possibly avail them- 
selves of substances found in peat mass, but this does not, to any note- 
worthy degree, influence the decay of plant remains nor can the process 
be observed in regard to the course of humification. The rapid humifioa- 
tion of peat, in the first place, depends upon the composition of its plant 
material, which forms peat. This is again closely connected with the bog 
types and further with the multifarious either local or more general factors, 
which in eaah case determine the formation of different bog types. 

REACTION OF PEATS 

Table 1 shows the pH-vdues of all the analysed samples of the Pino- 
miiensuo bog, pH varying 3.20-5.21. When o b d n g  these a t  the re- 
spective bring points, we ascertain that the acidity of peats is slightest 
at the baad part of the bog, increasing towards the surface, except at  points 
2 and 3 where insignificant exceptions are found. These indicate that the 
reaction of peats is closely connected with peat kinds (Kotilainen 1927, 
Kivinen 1933, 1935). The 8phugnum peats are the most acid of all, and in 
the Same proportion as the share of Sphqnunz remains becomes less in 
the formation of peat (an exception is made by eutrophio species) and 
correspondingly the share of higher plants increases, the peats become less 
acid. In the following table the changing limits and the mean vdues of 
the pH-figures will be presented according to the peat kinds in the Pino- 
mäensuo bog. They correspond approximately to the values published 
earlier in our country. 

S-peat .......................... pH 3. a 0-4.11 average 3.7 7 

ErS-peat ........................ 9 3.594.35 3.90 
CS-peat ......................... 9 4.02-5.21 B 4.52 
SC-peat ......................... 4.434.59 9 4.52 

That in the peat strata of the bog in question acidity increase towards 
the surface is most likely due to the normal development of a highmoor, 
because, as is generally known, the bog types of the highmoors become 
the more oligotrophic the more they, on account of the growth of thickness 
of peat strata, draw upwards from the bottom of the bog. 
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At the different boring points the average pH-values of the whole peat 
strata vary very little, oiz. pH 3 . 8 4 4 . 1 7 .  At point 1 the aoidity of the 
peat layer is greatest, decreasing regularly point by point, so that at point 
5 i t  is at  its slightest (Table 1). 

in  the compass of the material in hand, i t  is possible to examine also 
the correlation between the degree of humification and the reaction of a 
peat kind, even though with certain restrictions. This is done best by 
means of S-peats, of which the material contains most, yet so that the 
degrees of h d i c a t i o n  H, - , are to be got from them. The mean values 
of their pH-figures are according to the degrees of humification, as follows: 

As is to be ascertained from the above, the acidity of the S-peats be- 
comes less on the increase of the degree of humification (see also Figs. 6 
and 7). This phenomenon does not, however, appear as distinct in other 
peat kinds. Especially on the basis of the CS- and SC-peats, the reverse 
would even seem to be the case, which would correspond to the result pre- 
sented by Kotilainen (1927) as to the correlation between the degree of 
huminosity and the reaction of peats. The material, however, contains 
the last-mentioned peats so sparsely and only of two degrees of humifica- 
tion that on their basis a full comprehension cannot be achieved in one 
respect or another. One can, of Course, refer to the paucity of the material 
as regards the result given by the S-peats. With this aim, I have, however, 
examined my more extensive peat material, comprising hundreds of samples 
and it yields the Same result already presented above, that the acidity 
of peats becoines less on the increase of the degree of humification. T t  
is, however, to be remembered that my material has been taken from the 
whole peat strata of bogs, as is the case with the PinomSiensuo samples, 
whereas Kotilainen's material is almost exclusively baeed on surficial peats. 

We will further examine the reaction of the Pinomäensuo peats in 
layers of different age. At boring point 3 there is on the surface S-peat 
H,, its pH being 3.70, and at the depth of 1.5-2.0 m. there occurs ana- 
logous, but l 000-1 500 years older peat, the reaction of which is l e s ~  
acidic or 4.11. The profile mentioned shows two more samples of S-peat 
H„ situated one upon the other; on comparing the reactions of these samples 
i t  is ascertained that the younger peat is more acid than the older. A si-. 
milar phenomenon is met with in the S-peats also at boring points 2 and 
3. In  the Sphgnum peats held as the objects of comparison, ash content 
varies so little that it cannot very likely be considered as the cause of the 
phenomen, although it does influence the reaction of peat, so that on the 
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increase of the ash content the acidity of peats becomea less, as is proved 
by Kotilainen (1927). 

In other peat kinds the development of reaction is of the Same kind, 
but i t  is only natural that it is not as clearly marked in mjxed peah, be- 
cause in those the amounts of different plant substances vary, as do aLso 
the mounts of ash, upon both of which the reaction of peats depends. 

In my opinion the above mault of the correlation between .the reaction 
and the age relations of the peats is due to the regular development of a 
highmoor, referred to earlier, but if we only keep within the.compass of 
the peat kinds it seema on the basis of the above that a peat kind of the 
Same degree of humification is the more acid the younger the age of the 
peat , 

ASH CONTENT OF PEATS 

In the peat atrata of the Pinomiiensuo bog the aßh content varies in 
different samples to a comparatively great degree, viz. from 0.6 i to 10. oo X ,  
calculated from dFied matter. Both of these limit values are found at 
bring point 1. The lowest ash content is in S-peat H, in the surficial part 
of the bog and the highest in the undermost sample of the profile, which 
consists of CS-peat Hs. Also at  other bring points the highest amounts 
of ash are found in the undermost artmplea of the strata, except poinf 3, 
which forms an exception. 

At the investigated points of the peat strata, the amount of ash generally 
decreases from the bottom upwards, not, however, so evenly and regularly, 
as above ascertained as regards the increase of the acidity of peats in the 
Same direction. The average ash content of the peat strata in the bog 
in question is 2. i 9 O/„. and aocording to the peat kinds it is; as follows: 

Fmm the above it becomes apparent that - of the peat kinds in Pino- 
mäensuo bog - S-peats contain less and CS-peats most ash matter (d. 
also Figs. 6 and 8). I have earlier ascertained a similar ratio in the ash 
content of the four corresponding peat kinds (Salmi 1947) on the basis 
of a more extensive material, even though the mean values are throughout 
higher than they are in the Pinomäensuo bog. It is, however, to be re- 
membered that it is now the question of a highmoor, into which minerd 
substances, such as secondary ash, are not carried by waters from the sur- 
romyhgs to such a degree as into the bogs of different kinds. Only the 
marginal parta of a highmoor are better exposed to their influence, which 
can be seen in this aase, too, from the generdy greater amounts of ash 
in samples collected from the basal layer md from the marginal pmta 
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than in those from the middle part of the bog, in the first place, from its 
uppermost peat strata. The average ash content of the analysed samples 
is at its greatest at boring point 1, being 3.7a X. At points 4 and 5 it is 
somewhat smaller, viz. 2. aa and 2.17 %. The smailest aeh content is found 
in the middle part of the bog at point 2, where it is 1.74 and the second 
smallest at  point 3, being 1.88 X. 

In the Pinomäensuo bog the ash content of peats differs also from the 
results presented by other Finnish scientists in the first place in regard 
to their smaller values. The miitual relations of the different peat kinds 
are, however, so far dissimilar that in CS-peats the amount of ash is ge- . 
nerally smder  than it is in SC-peats. The differewes are most likely due 
to the fact that their material haa been gathered chiefly from surficial 
peats and in connection with the investigations made from the agricultural 
view point. E'urther, eutrophic bog8 have mainly been examined, the ash 
conknt of which is known to be high and in which great changes are causeci 
by rich secondary ash matter (Anttinen 1927, Kivinen 1933). 

On the basis of the Pinomäensuo material no distinct correlation between 
the ash content and the degree of humification of peats is to be observed, 
and this must also be said of the correlation between the ash content and 
the age relations of peats. It should however, be mentioned that the com- 
parison made between the different kinds of peat refera to the fact that 
on the increaae of the degree of humification there would to some extent 
occur an increase of ash, most clearly in S- and ErS-peats. Also in some 
cases the younger peats, representing the Same peat kind and the Same 
degree of humification, contain less ash matter than do the older peah. 
On the other hand, exceptions are to be found so abundantly that, our 
material beiiig of such an restricted compass, there is no reason to draw 

Arh 
final conclusions, especially as 

II n 11% we know that a highmoor is 
10 to in question and that the chan- 
9 ges of the ash content gen- 

a eraily take place within very 
wide bounds and that they are 

7 
very sensitive to the influence 

6 " of the most multifarious ex- 
5 ternal factora. Instead of this, 
9 the acidity of peats, the cor- 
J 3 relation of which was earlier 
2 dealt with in regard to the 

facts in question, reacts slowly 
to the changes taking place in 
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Fic. 2. Correlation between the ash content and thr 
fact that the peats are strong- 

rcaotion of peats. ly buffered (Brenner 1924). . 
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The correlation between the reaction and the ash content of peats ie 
fairly distinct. The best conception of it we obtain on the ground of Rg.  2, 
showing also the peat kinds of the samples. The figure makes it clear that 
on the decrease of the acidity of peats the ash content becomes greater. 
This does not seem to hold good absolutely. Especially in CS-peats, but 
generally also in such samples as contain ash in comparative abundance, 
the reaction does not Change correspondingly to less acidic, as could be 
expected on the basis of the samples containing less ash matter. To this 
fact Kotilainen (1927) has also paid attention. He says that secondary 
ash, which the sarnples also in this case contain in a considerable measure, 
does not influence the reaction of peats to any noteworthy degree. An 
exception is made by lime, the changes of which make themselves easilp 
felt. 

HEAT VALUE OF PEATS 

The heat values of the peat samples from the Pinomäensuo bog will 
be presented in Table 1 in four adjacent columns. Hs' = calorimetric 
heat value of moisture-free and ash-free peat, Hs = calorimetric heat 
value of moisture-free peat, Hi = effective heat value of moisture-free 
peat, and Hi30 = effective heat value of peat containing 30 % water. The 
last-mentioned peat corresponds in Finland to a normal fuel peat in re- 
gard to its moisture content. 

We will first examine the b a t  values of different samples in the column 
Hs', where the changes take place between 4 483-5 872 cal. The lowcst 
value is found in the surface sample of boring point 1, which is S-peat H„ 
and the highest heat value in the bottom sample of the profile 3, SC-peat 
H,. On the basis of the material, i t  can be established that on the increase 
of the degree of humification the h a t  values become higher and the age 
relations seem to have no effect in this respect (see also Figs. 6 and 9). 
At boring point 2, where there are from the surface downwards three 
samples of ErS-peat having successive degrees of humification the difference 
of one degree in humification indicates about 100 cal, calculated on the 
ground of the moisture-free and ash-free material. In  other profiles samples 
of the corresponding peat kind and of the corresponding degree of humifica- 
tion are, however, found, with heat values which differ from those men- 
tioned above. Similar differences are met with also in other peat kinds. 
These may chiefly be due to the composition of plant substances, accord- 
ing to different plant species, and in mixed peats to the correlation of 
several factors forming peat, but also to additional mattere, which certainly 
for their part also influence the heat values. In  the heat values of the 
plants forming peat, several investigators have namely ascertained even 
considerable exceptions. Ebr this reason a clear conception of the heat 
values of peats as well as of the influence of the degree of humification 
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upon such can be obtained only on the baais of an extensive material, when 
the differences caused by disturbing factors will be smoothed over. 

The above may be most eaaily understood through my earlier investiga- 
tions (Salmi 1947.), comparing over 200 samples and basing on the accurate 
determinations of the peat kind and the degree of humification. Acoord- 
ing to these, the S-peats have the lowest heat value, and with a decreasing 
share of the Spbgnum mosses in the formation of peat, when the share 
of other plants correspondingly increases, the heat value becomes higher. 

, In peats containing wood-remains it is highest, which is of interest also 
aa regards this study, because these peats (L) are found as additional matter 
in the peats of the Pinomäensuo bog. The heat values of the combustible 
matter of the four peat kinds dealt with in this study become higher, accord- 
ing to my investigations, in the following order: S-, ErS-, CS-, and SC-peast. 
The ash content causes such changes in order that ErS- and CS-peat kinds 
vary to some extent, but considering all the analysed peat kinds, the rise 
of the caloriinetric heat value is approximately 136 cal per one degree of 
humification. 

In order to get a clearer conception of the influence of ash and watre 
upon the heat value of peats, the heat values of the Pinomäensuo samples 
on their mean values have been grouped by degrees of humification in 
Fig. 3. In addition, the peat kinds have been separated from each other 
by certain marks. Uppermost there runs a line showing the average of 
the calorimetric heat values of the moisture-free and ash-free samples 
(Hs'). The calorimetric heat values of the rnoisture-free peats are so near 
the former values that presenting both graphically sarnple by sample 
would only cause confusion. For this reason Fig. 3 shows of these only 
the heat valaes of the moisture-free samples (Hs). The line indioating 
their mean values runs a little below the firnt-mentioned average line. 
The next line downward gives the mean values of the effective heat values 
of the moisture-free samples (Hi), the undermost line showing that of the 
effective heat vvales of the samples containing 30 water (HP).  The 
signs of peat kinds are connected with the last-mentioned. 

As shown by the figure, on the increase of the d e p  of humification 
the heat values become very distinctly higher. It is, however, to be re- 
membered that the figure is drawn on the basis of ama terial where the 
lowest degrees of humification are exclusively represented by S-peats, 
the highest by CS- and SC-peats, and those of medium huminosity by 
ErS-peats. Above is presented that differences are to be observed, in the 
heat values of the different peat kinds so that in 5<pAapurn peats they 
are smaller than in others. For this reason Pig. 3 does nofi give a a h t  
idea about the share of the humification degree in the heat values of the 
peats generally; thus the rise of the lines showing the mean values is too 
sharp. Thw, the conceptions presented here apply only to the peats of 
the Pinomäensuo bog. 



Mairtti Sr ih i :  Physical and Olhgmieal Peat Zn~tigartione &C. 19 

S 0 E r S +  CS O SC 
Fi .5. Influenoe of the degree of hnmifimtion upon the oalorimetric heat 
vafue.~he uppermo~t line shows the avnage cdorimetric hsit  silus of m o h  
tnrefree an ash-free p a t s  and the Iine beneäth that of moistum-free peate. 
The signs of peat kinds refer to the last-mentianed. The third line from above 
indicatea the sverage effeotive h a t  valne of moisturc-free peats, and the nn- 
dermost that af peats conbining 30 water. Si s of peat Idnds are con- 

nected with the laslmentioned rooording to g e r n  of huniioeation. 
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It is mentioned above that the difference of the two topmost average 
lines shows the influence of ash upon the heat values of the moisture-free 
peats. Moreover, Table 1 makes clear the effect of ash in each sample. 
Let us illustrate this by two examples. In the topmost sample of profile 1 
the ash content of 0.6 i has an effect of 27 cal in the heat values and in 
the undermost sample of the Same profile the ash content of 10.03 that 
of 587 cal. In the different samples the heat values decrease by 44-58 
aal per 1 ash and considering all the Pinomäensuo sampl~s approximatrly 
53 cal. 

The average heat values of the samples from the different boring points 
differ very little from one another. Calculated on the ground of the com- 
bustible matter the changes take place between 5 024-5 180 cal, and the 
common value is 5 093 cal. The calorimetric heat values of the moisture- 
free peats (Ha) are correspondingly 4 881-5 063, on the average 4 976 cal. 

The effective heat values of the moisture-free peat samples (E) vary 
between 4 195-5 374 cal and the average values of the different boring 
points between 4 5 6 4 4  716 cal, the common mean value of all the samples 
being 4 659 cal. In comparison with the corresponding calorimetric values 
the effective heat values are more than 300 cal smaller. 

If we consider peat as a fuel, then of the above-presented factors its 
quality, in the first place, depends upon the peat kind, the degree of humi- 
fication, as well as upon the ash content. In addition to these qualities 
proper to the raw material, among which there can be included others, 
such coherence, volume weight eto., also the mechariioal methods of fuel 
peat manufacture and the handling düring and after production are of 
importance to the value of peat in use. A very important part is played 
i. a. by the reduction of the abundant amount of water in natural peat 
to the sm.dest possible and later by its preservation as such in the product 
ready for use, because the water content has a decisive effed upon the 
value of peat as a fuel. As ehown in Fig. 3, the amount of 30 % water 
diminishes the heat Palues of peats very greatly (the difference of Hi and 
H?). In the different samples of the Pinomäensuo bog, this reduction 
varies between 1 419-1 788 cal, being 1 573 c d  compared to the effective 
heat values of the moisture-free peats. Thue, to each per cent of water 
there correspond 52-53 cal. 

At the different boring points the average changing limits in the heat 
values of the peat strata containing 30 % water are between 3 019-3 150 
cal, and the mean value of all the samples is 3 086 cal. On the basis of 
my earlier material (Salmi 1947), I have calculated the correaponding 
average heat value of the four peat kinds occurring in Pinomäensuo in 
H,. In the first place, is the average humification of the peat strata in 
question, which is as was mentioned before. The result will be 3 066 
cd,  oorresponding fairly strictly to the value obtained from thc Pinomäen- 
suo bog. 
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According to my analysis, the effective heat value of birch wood con- 
taining 30 % water is about 2 950 cal and that of pine and spruce 3 000 - 
3 100 aal. The average effective heat vdue of fuel wood is about 3 000 
cal or approximately the Same as the average heat vdue of the Pinomäen- 
suo peat Strata, in spite of the fact that its average humification is so low 
(4.4) that it does not, in this respect, meet the minimum requirements 
Set for a fuel peat bog. 

BITUMEN CONTENT OF PEATS 

The peat bitumenis comist of carbonic, hydrogenous, and oxygenous 
compounds, which dissolve into organic solvents, such as ether, alcohol, 
benzene etc. They chiefly comprise waxes, resins, fats, oils, as weli as 
many other substances found in plants. The bitumens are for the most 
part dispersed in peat, but their accumulations, as resin concretions, may 
also be encountered. 

Investigations on peat bitumens have been carried on since the last 
century. Among scientists there may be mentioned in this connection 
Treffner (1881), Zeiler and Wilk (1907), Minssen (1913), Schneider and 
Schellenberg (1920), Dachnowski (1924), Oden and Lindberg (1926), Waks- 
man and Stevens (1928,1930), Feustel and Byers (1930), Stadnikoff (1930), 
and Souci (1930). In Wnland peat bitumens have been dealt with by Ki- 
vinen (1934), Sundgren and Ekman (1945), and Soveri (1948). .Also the 
writ'er has made researches into peat bitumens, though the results have 
not yet been published. On the ground of these results, which are based 
on over 100 samples and divided among various peat kinds and degrees 
of humification, I gave a lecture on the bitumen oontent of peats before 
the Geological Society of Rnland in the year 1947. 

From the above-mentioned studies it is evident that the result of extrac- 
tion depends upon peat and solvent, as well as upon ciroumstances during 
extraotion. 

As solvent has mostly been used ether, benzene, and aloohol, but also 
a mixture of benzene and alcohol (1 : l), as was the case in connection 
with this study, too. The smaUest amounts of extract have been got by 
means of ether and the Iargest by means of benzene-alcohol. If extrac- 
tion is made under pmssure and at  high temperature, the bitumen product 
considerable incrertses, compared to the amount obtained by heating in 
the Soxhlet appmatus and by means of water bath. Schneider and Schel- 
lenberg (1920) got from a certain peat kind by aid of the above-mentioned 
apparatus 6.8 bitumens, but from the Same peat when handled under 
pressure and at  250°C 27.5 % bitumens; alcohol being used as solvent. 
According to Stadnikoff (1930), when S-peat was treated with 10 % hyd- 
rochloric acid, 26.8 % of benzene-alcohol extract was obtained whereas 
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without the abovementioned treatment the amount of the extract from 
the Same peat was 18.8 %. 

. Most scientists are of the opinion that the bitumen content of S p h g -  
num peats is smaller than that of Carez-peats. A similar result is obtained 
from recent plants corresponding to these peats. Waksman and Stevens 
(1928) and Feustel and Byers (1930) have, however, come to a contrary 
result. My investigations, as presented in the above lecture, indicate that 
S-peats contain bitumens in a very smali degree, yet CS-peats on the ave- 
rage contain still less, which result may have been influenced by the great ash 
content of the lastmentioned peats. In many C- and SC-peats, as well 
in peats containing wood remains, even in Bqalm-mixed peats, there are 
more bitumens than in S- and CS-peats, but depending upon the mutual 
relations of plant substanoes as well as upon changes in the ash content, 
the amount of bitumen varies greatly in different samples. Thus the per- 
centage of the extract can remain the Same aa the percentages obtained 
from the first mentioned peats or even become lower. According to the 
material presented in my lecture, the highest average of the bitumen con- 
tent seems to be, present in ErS-peats. The amount of the benzene-alcohol 
extract varied in my material between 2.54-19.4 i %. The former value 
was obtained from a sample which was Speat H„ and the latter from that 
of ErS-peat H,. Stadnikoff (1930) states great bitumen amounts from 
the Russian ErS-peats, the highest of these being 24.1 X, obtained by 
means of the above-mentioned solvent. With growing humification the 
amounts of bitumen will increase, while on the increase of the ash content 
they become less. 

In the peat samples of the Pinomäensuo bog the bitumen content varies 
between 4. i 4-10.8 i X. The smallest result was obtained from S-peat HH„ 
the greatest from SC-peat H8. On the baais of this material, the influence 
of the peat kind upon the bitumen content cannot be cleared up, as there 
are only few points of comparison in the Same degree of humification. 
Instead, the influenoe of the degree of humification is better discernible. 
This is made clear by Fig. 4. It is drawn keeping to the Same method as 
in Fig. 3, so that it shows the relations between the amounts of bitumen 
and the degrees of humification in the Pinomäensuo peats. The drawing 
indicates that the amounts of bitumen in ErS- and SC-peats are equal, 
in each degree of humification, whereas in CS-peats there occur considerable 
variations. They may mainly be due to the ash content. But also in S- 
peats, especially in H, and H„ the amounts vary very greatly, appmxim- 
ately within the limits of 2 %. Attention is drawn to S-peats H,, their 
average amount of bitumen being only a little less than it is in the two 
following degrees of humification, which are also S-peats. Yet taking the 
separate samples into consideration, the amount of bitumen found in S- 
peat exceeds both in H, and in H, aU the others, except the highest value, 
which was obtained from a surficial sample. 
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Some earlier scientists have * 
presented that the bitumen con- 
tent increases with growing age rr 
(Schneider and Sohellenberg 
1920). To get this question clea- 
red up on the basis of the Pino- 
mziemuo material, we shall first 
esamine Table 1. At bring 
point 2 there are three successi- 
ve samples of ErS-peat from the 7 
surfaoe downward. We see that 
the amount of bitumen is grea- 
test in the surficial sample and 
grows less downwards, but in 
the Same direction also the deg- 4 
ree of humification deoreases. 
In the profile there is deeper 3 
down ErS-peat, whioh is consi- 
derably older than the oorrespon- 
ding peat situated higher in the 9 

peat Strata (Eg. l), but its 
amount of bitumen is less than 0 
in the younger peat. At both C/ f 2 3 4 5 6 7 8 
points 3 and 4 there is ErS-peat E,,S + JC . 
H„ the peats being approxima- Fig. 4. Jnfiuence of the degree of humificntion 
tely of the Same age, but dis- of peats upon the bitnmen content. 

tinctly older than correaponding peat found at  point 2. In  this case, too, 
the bitumen content of the younger peat is greater than that of the older. 
The Same phenomenon is met with also in CS- and S-peats, being most 
distinct in the S-peats in H„ where the youngest sample taken from the 
surfaoe (point 4) has a greater bitumen content than is the Oase with the 
older ones. There are also exceptions, but they are more rare than the 
cases presented above. Among my analyses are also the bitumen determina- 
tions from two recent species of Bphagnurn made by means of benzene- 
alcohol. Both of these occur in the Pinomäensuo bog. Bphagnurn f w w m  
gare as resdt 4.86 % and Sphagnurn p@llosurn 7.02 X. The amounts 
are thus of the Same degree as are such obcained from S-peats H,. The 
Pinomäenmo materid indicates that the amount of bitumen got by benzene- 
alcohol does not inorease with growing age in peats of the Same degree 
of humification. On the oontrary, in younger, especially in quite young 
peats, it seems to be greater than is the caee in older suoh. 

In the following fable the average vdues of the bitumen oontents of 
the Pinom&ensuo peat samples are grouped with 0.6 m. differentes in depth. 
Moreover, it shows the average degree of humification a t  different depths. 



Attention is first drawn.to the fact that the amount of bitumen increases 
with increasing depth, first in a small degree, but then more atrongly. 
An exception is the depth of 2.0-2.5 m., where the bitumen content is 
smdest. As regards average humification it is remarkable that it is dis- 
tinctly slightest in the topmost layer and strengest in the undermost, while 
in the Iayers situated between them there are no great differentes to be 
found. The moat interesting comparison is directed to the depths of O- 
0.5 m. and of 2.0-2.5 m. To the former there belong S- and ErS-peab 
itnd to the latter only ErS-peatis, which, according to my earlier investiga- 
tions, contain in the Same degree of humification on the average more 
bitumms do than 8-peats. Peats situated deeper down, however, contain 
in this case distinctly less bitumens than do the younger surficial peats, 
in spite of their average humification being 1.5  degrees higher. In my 
opinion this phenomenon is in the first place due to chemical factors and 
is connected with the prooess of humification and with the activity of 
micro-organisms. 

It is known that the aerial parts of plants contain more substances 
claased rts bitumens, such as waxes, resins, fats etc. than do their sub- 
tmranean parts which ehiefly form peat. As the bog plants die and decay 
in their habitats, those matters in the aerial parts of plants, which have 
the greatest power of resistance, U e  substances belonging to bitumens, 
remain in their substratum. Being fine-grained, they are able, depend- 
ing upon circumstances, fo sink into a peat strata. A considerable part 
of peat bitumens have apparently originated from the aeriai parts of plants, 
bat partly also from different fungi, algae, and microbes living in a bog. 

Acoording to Fachs (1931), especially the tiny amounts of fat and oil 
in the cells of the higher plants are largely decomposed aiready under 
aerobic circumstances and are enriched into s p d y  soluble bitumens 
under anaerobic circumstances. Waxes and resins are less sensitive to 
biological changes and become enriched under both aerobic and anaembic 
conditions. But in the couree of time, under the infiuence of chemicd 
reactions, they can be polymerized into sparsely soluble substances. Souci 
(1932) divides biturnem into two groups: *Bitumen A* and $Bitumen Bip. 
To the former he counts the bitumens obtained by extracting peat by means 
of benzene-alcohol under general pressure. Zetzsche (1932) divides them 
into two more groups: ~Extract-Protobitumina$ and *Extra&-Bitumina*. 
By the former he means bitumens that have not yet been decomposed 
in a peat strata. 

;..L" 

Depth m. . . . . . . . . . . . . . . . . . . . . I 0-0.5 
Bitumenaveragex ........... 1 6.00 

Humifimtion average . . . . . . . . . . 2.8 I - 

0.5-1 I 1-1.5 I 1.5-2 I 2-23 1 2.6-3 

6.061 6.371 7 .341  6.801 9.48 

4 1 4 1 6 1 4.3 1 7.3 
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By B-bitumen is meant such resinous and wax-like substances, which 
csn be obtained by extracting peat again under a pressure of 50 atmos- 
pheres and in the temperature of 260-280°C, after A-bitumens have been 
eliminated from peat. Zetzsche divides them again into two further groups: 
))Polymer-Protobituminaw and *Polymer-Bituminaw or Stabil-Bitumina,. 
The former oonsist ohiefly of undeconiposed sporopollenine, cutine, and 
of Suberine, while the latter are their fossilized derivates. Zetzsche and 
Kälin (1932) have ascertained that the Separation and the quantitative 
determination best takes place by means of fuming nitric acid and bromine. 

When the biturnen results of the Pinorniiensuo peat strata are examined 
from the view points presented above they become very easily comprehen- 
sible. It c m  be thought that particularly in the topmost layer there is 
still an abundante of easily soluble Extract-Protobitumina, contained in 
parts of plants which have died and decayed on the surface of the bog. 
Moreover, those bitumens of the surficid layer of the bog, which are of 
different origin, are still in an easilysoluble form. In the nexf two depth 
groups the influence of Extract-Protobitumina, which are carried by waters 
from the surface downwards, may still be felt, as their decayed peab are 
still very perm.eable to water. Deeper down the bitumens have, however, 
in the course of time turned sparsely soluble Under the idluence of different 
factors. So e. g. the age of peat at the depth of 2.0-2.5 m. is approximately 
2 500 yeam; in this peat the unimportant share of the extraction product 
compared to the surficid Iayer is most distinctly discernible. Thus in the 
Gase of the Pinomäensuo bog during at least 2 000-2 500 yeam the bitumen 
content changes to auch a degree that, in spite of the difference of the 1.5 
degree of humification, it is lower in older peat than in surficid peat. One 
might indeed expectit to be higher because of fhe enrichment of bitumens 
taking place in connection with its humification process aa well as consider- 
ing the peat kind. In reality, the case may be such that in the Same degrce 
of humification the Same peat kind contains bitumens totaliing approxi- 
mately the Same amount, whether the peat be younger or older in age, 
but in course of time bitumens turn sparsely-soluble and this is the reason 
why employing the Same solvent and the Same method a Iarger smount 
of bituman is obtained from younger than from older peats. In so far as 
the use of peat bitumens is planned for manufacturing purposes, it is 
necessary to take the above-preaented faots into consideration. Although 
the differentes are evidently not very great, they rnay even be of decisive 
importance for the final yield, as the bitumen content is generally comparat- 
ively small. Besides, it is to be remembered that the different peat kinds 
contain different bitumens. 

At the different boring points the average bitumen content of the peat 
strata varies to a very small degree, being at the points 1-5, as follows: 
6.61 (6.97), 6.67 (6.78), 6.68 (6.82), 6.21 (6.38), and 7.85 per cent (8.05 per 
cent). The figures refer to the percentages from driedmatter; the values 
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F ~ F .  3. Peat kinds. - Fig. 6. Humification of peats. - Fig. 7. Keaction of peats. - Fig. 8. Ash content of ppats. 
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F/g. /2 
R . 9. Calorimetric heat value of moisture- and ash-free peats. - Fig. 10. 
~aforimetric heat value of moistnre-free - Fig. 11. Effective heat 
viiue of pata mntaining 30 % wate*. - Bitarne11 mntent af peats. 
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within brackets have been oalculated for ash-free peats. In the whole 
peat strata the average values are correspondingly 6.73 per cent (6.91 
Per cent). 

Comparisons have already been made above and have explained the 
oorrelationa of the different factors in the peat strata of the Pinomäensuo 
bog. Now we will once rsore take a look at the profile drawings. Figs. 
5-12 show the results of analyses connected with this study, grouped in 
a certain way. 

Fig. 5, being the Same as Fig. 1 ,  presents the peat kinds of the bog in 
question. The figure has been taken in this connection because it could 
better be compared with the following figures of the Same scale. 

In Fig. 6 the peats are grouped by the degrees of humification into four 
different classes, their numbers corresponding to the peat kinds. That 
H1 - is put in the Same class is explained by the fact that these are merely 
S-peats. Figs. 5 and 6 are very much alike and indicate that at least in 
the bog in question S-peats decay more slowly than the other peat kinds. 
The young ErS-peats in the surficial part of boring point 2 form a better 
decayed part in the Sphagnum bed and as a still clearer lens there is dis- 
cerned young, welldecayed CS-peat at  point 3. 

Fig. 7, where the reactions of peats are grouped into six classes with 
differentes of 0.3 in the vdue of pH, also resembles the two former ones 
and shows the correlation of the facts presented by the figures. The figure 
indicates that the reaction a t  the bottom and flanks of the bog is less acidic 
than is the case in the corresponding peat kinds in its middle part and 
higher up in the peat strata. This may, in the first place, be due to the 
influence of the minerd ground. Fmm the bottom upwards it seems to 
influence only in a thin, about 0.5 m. thick peat strata. This is most clearly 
Seen a t  boring point 3, at the bottom of which there is a layer of the thick- 
ness mentioned, this being of SC-peat of the pH-class IV. Above it there 
is directly the pH-clasa 11, extending to the surface, except the CS-lens, 
which belongs to the class 111. Proceeding from the middle part of the 
bog to its flanks, the share of the pH-class I1 becomes less and the shares 
of the pH-classes I11 and IV increase correspondingly. To class I11 there 
belong, among others, S-peats at the borders of the bog, which peats are 
elsewhere more acid. In my opinion, this phenomenon should be explained 
so that nutritious waters draining from the borders of the bog secondarily 
dilute the acidity of peats. The influence of this phenomenon is abated 
towards the middle part of the bog, which in the Pinoriläensuo case is 
clearly discernible, class 11 there sinking deeper down. 

Fig. 8 shows the division of the ash content in the Pinomiiensuo peat 
strata. Were classes I and I1 connected with each other, the figure would 
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resemble Fig. 7 to a very great extent. The correlation between the ash 
content, the reaction, and the peat kind is to be Seen clearly in Figs. 5, 
7, and 8. 

The figure shows also the influence of the ash matters carried by waters 
draining from the borders of the bog. It appears, however, that the mineral 
matter, evidently depending upon the grain size and the humification of 
peat, stops comparatively close to the marginal parts of the bog, as if 
sinking into the peat strata, nor is its influence felt as far away in the middle 
part of the bog, as is the case with that of draining waters upon the reac- 
tion of peats. It is interesting to ascertain that the lowest ash content 
is to be found a t  a short distance from the surficial layer. This may be 
due to the fact that a t  the corresponding point fairly pure S-peats are 
encountered, while S-peats belonging to the ash content- claes I1 contain 
additional matters in greater abundance or else those peats are ErS-peats. 
At boring point 3 the CS-lens differs greatly from the surrounding peat 
strata on account of its ash content. 

By the heat value, peats are grouped in the manner shown in Fjgs. 
9-11. The figures are very much alike, as is only natural. It is, however, 
to be noticed that in the first two figures the grouping is made with differ- 
ences of 500 calories and in Fig. 11 with that of 300 cal. Figs. 9 and 10 
show the influence of the ash content upon the heat values. The most 
distinct differentes in fjgures are formed by the undermost peats, having 
the greatest ash content. Fig. 11 shows the influence of the 30 % water 
content upon effective heat values. That the heat value of peats depends 
also upon the peat kind (Fig. 5) and upon the degree of humification (Fig. 
6) is clearly to be Seen. 

Fig. 12 presents the division of the bitumen content in the Pinomäen- 
suo peat strata. It clearly shows the correlation between the bitumen 
content, the peat kind, and the degree of humification. The most interest- 
ing is the surficial part of the peat strata, to which in the middle part of 
the bog chiefly belongs class I11 and to which thcre belong, also S- and 
ErS-peats H1 -- This clears up the opinion stated above that in the sur- 
ficial part bitumens are different as regards their solubility than is the 
case in older peats. The smallest amounts of bitumen in the bog in question 
are found beneath the surficial layer, in the profile at  left, as well as a 
separate lens a t  boring point 4. They are S-peats H1 - The rest of the 
S-peats and part of the ErS-peats belong to class 11. Peats at  the bottom 
of the bog are counted as belonging to classes 111-VI, depending upon the 
peat kind and the degree of humification. 

The resemblance between Figs. 5-12 is surprising, although that which 
they present is of very different kinds. For instance, the lens formed by 
CS-peat a t  boring point 3 appears in all profile drawings. This similarity 
of the figures proves that all the facts dealt with in this study have a de- 
finite correlation either between one another or between the peat kinds 
and their humification. The correlation becomes apparent when the results 
are grouped in a suitable manner. 
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