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PALYNOLOGICAL STUDY ON THE HABORO COAL SEAM
OF THE HABORO COAL-BEARING FORMATION

PALYNOLOGICAL STUDIES ON NEOGENE COAL 1

By
Seizi SATO

Contribution from the department of Geology and Mineralogy,
TFfaculty of Science, Hokkaido University, No. 800

Introduction

For peat the pollen analysis has been made on various phases in many
fundamental examinations. On the basis of such observations many
interesting and useful interpretations have been reported. But for coal
it ean not be said that the pollen analysis method has been so much
employed as for peat; it has been considered not so applicable as for peat.
The purpose of the present work is to ascertain the characteristics of
pollen distribution in coal seams in detail. That is to say, from the data
described in the present paper the writer has tried to get some answer
as to whether pollen analysis is applicable to coal in the same manner as
it is to peat or not, and what consideration should be paid respectively
to the cases of peat and coal in this respect. Moreover, the writer expects
to find out about the usefulness of pollen analysis for the correlation of
coal seams, and to gain some information on the formation of coal seams.
In the present paper, the writer treats only of the pollen which shows
a remarkable occurrence in connection with the formation and correlation
of the particular coal seam, and moreover one which has a rather charac-
teristic form that is not easily misidentified. On other pollens some reports
will be made in other papers.

The samples studied in preparation of the present paper, were taken
from the Haboro coal-bearing formation of Miocene age which is dis-
tributed with workable coal seams in the northern part of Hokkaido,
Japan. (Fig. 1)

Besides, the writer would like to make the following point: in this
coal seam pollen graing were so deformed or broken that there are not a
few pollen grains whose generic names cannot be determined. So, the
writer felt great difficulty* to deal with these pollens quantitatively.

* Many authors, for example, ERDTMAN, PoToNIE and ete. refer on such difficulty.
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On samples, their localities and method of sampling

The samples were taken from the Haboro main coal-seam in the
Chikubetsu main pit and from the Haboro second pit. The order of
succession, characters of rocks and the thickness of the formations in the
present area are as follows:
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Alluvium

Quaternary {
Diluvium

Enbetsu formation (41000 m) (marine) )
(Mainly tuffaceous mudstone, intercalating sandstone and diatom

Pliocene earth, in basal part thin ‘‘ hard shale”’

Ogawa lignite-bearing formation (0-100 m) (terr@strigl) )
(Tuffaceous sandstone, tuffite, agglomerate, with lignite)

Kotanbetsu formation (+1000m) (marine)
(Frequent alternation of sandstone, mudstone and conglomerate.
Rich in huge boulders.)
Mudstone member (450 m) 1

Upper sandstone member (--130 m)

Chikubetsu formation
Alternation member (0-150 m)
Miocene

J(+150 m)

Lower sandstone member (4150 m)

Haboro (coal-bearing) formation (250-400 m) (terrestrial)
(Alternation of sandstone and shale, intercalating several coal seams
with a few workable ones)

Haranosawa formation (200-300m) (marine)
(Alternation of tuffaceous sandstone and mudstone with tuffite (10—
40 m) on top)

Late {Upper_ Cretaceous rocks (marine)

Cretaceous| (Mainly dark gray mudstone)

The samples are taken from the coal-seam at 10 em interval vertically.
But, this interval is problematic; there must be kept in mind the following
points. Namely, pollen analysis has produced many useful and interesting
results from samplings at 10 em interval, but such a matter is for peat,
and not for coal. During the time while peat changes to coal, dyhydration,
compaction and compression by such actions as loads and material decay
influence this process, and these cause the decrease of volume. This
decrease of volume is reported from 1/3 to 1/10 by White*. So, 10 em
thickness of coal-seam may correspond to 30 to 100 cm thickness of peat.
It is shown in many papers that in 0.5 to 1 m thickness of peat, consider-
able floristic changes are represented. So, a series of samples which are
taken from 10 ¢m interval may not represent the detailed floristic change
during deposition of that coal seam. But it is also a problematic matter
whether the coal has continued under the same conditions as well as peat:
the eclimatic during this coal formation may have not been as uniform
as in case of one of those Quaternary peats.

Moreover, as a matter of fact, in such places as tunnels even sampling

*D. WHITE; 1913, p. 89,
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Fig. 4. Two times tests on the same sample.

at 10 em intervals is frequently difficult. So, it must also be kept in mind
that the interval may include 1-2 em errors.

The writer has made his examination under such considerations.
Fig. 6 shows 5 cm interval investigation comparing with 10 em interval
one. Though more detailed study such as examination by 1 em sampling
is necessary before this possibility may be evaluated, even from these
figures it seems that general similarities are shown at even 10 em intervals.

For caution’s sake, the writer treated the same handful of samples
two times respectively. Results are shown in Fig. 4. From them it is
concluded that in such a volume there is not any accidental large fluctu-
ation.

The localities where samples were taken and columnar section of the
coal seam at those places are shown in Figs. 2 and 3.

Laboratory treatment

The samples were pounded finely into size to pass 30-40 mesh. It
is mentioned by RAisTRICK* that, when coal is ground too fine up to 70

% A, RAISTRICK: 1934-1935 p. 142.
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mesh, about 50% of all the pollen (including spores) contained in the
sample may be broken, while in preparation to pass through 50-60 mesh,
the most of them are not so broken.

The writer employed the freatment with 109% KOH solution after the
treatment with oxidizing Schulze solution. First, 0.2-0.3 gr. of samples
were put into centrifuge tubes and soaked in 5 ce Schulze solution for
36-48 hours. After this, the solution became reddish brown to brown.
Next, samples were centrifuged and washed with water several times
until Schulze solution was wholly removed. Then, these samples were
treated with 10 cc 10% KOH solution (40-70°c) for about 30 minutes.
109% KOH solution was added to the samples after this oxidizing treatment
with Schulz solution and the KOH solution soon became dark-brown to
black. Then, the samples were washed with water by centrifugal machine
until color of solution become clear. If samples are high in ash content,
for example coaly shale, they are removed to polyethylene centrifuge tube
and treated with HF (2-3 hours) to remove silicate and then washed
with water several times. Finally, samples thus obtained stuck on the
bottom of centrifuge tube in layers. These materials were mounted with
glycerine gelatin and were ready for examination under the microscope.
To draw the pollen diagram, 200 grains were counted under the microscope
with a mechanical stage. In this case 200 grains included unidentified
pollens. This happens because some pollens tend to be so easily broken
or deformed that their identification is impossible whilst some are easily
identified even under a broken condition. So, if the former pollens are
excluded the later will be over-evaluated. Some samples have a great
content of pollen, for instance, more than 6000 pollen grains have been
found on a single coverglass (22x22 mm).

Occurrence of pollen

Pollen grain in the present coal seam are so frequently and greatly
deformed that it is impossible to classify all the pollen by generiec name or
to apply quantitative (or statistical) dealing on all of each genus respec-
tively. Such a matter is reported also in other paper*.

The following pollens and spores were identified: Larix, Picea, Abies,
Tsuga, Pinus, Sciadopitys, Cryptomeria- Sequoia- Metasequoia type, Taxo-
dium, Glyptostrobus, Populus?, Saliz, Myrica?, Engelharditia, Juglans,
Pterocarya, Carya, Alnus, Betula, Carpinus, Corylus, Castanea, Fagus,

* For example, G. ERDTMAN: (1954) pp. 215-217,
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Quercus, Ulmus, Zelkova, Nymphaeaceae, Magnolia, Liquidambar, Rhus?,
Tlex, Acer?, Tilia, Myriophyllum?, Nussa, Ericaceae and several kinds
of spores.

On the other hand, fossil leaves from the Haboro (coal-bearing)
formation are not so abundant and they are poor in preservation. The
following plant fossils have been found from Haboro second pit and
Chikubetsu main pit area up to the present: Metasequoia occidentalis
(NEWB.) CHANEY, Populus latior AL. BR., Carpinus subcordatc NATHORST,
Ostrya sp., Zelkova Ungeri (BTTINGS.) Kovats, Sophora miojaponica HU
et CHANEY, Acer subpictum SAPORTA, Tilia sp., Alangium aequalifolic
(Gorr.) KRYSHT. et BORSK, etec.

The pollens which show the most interesting occurrence of the re-
cognized specimens are Alnus and Quercus. On these pollen grains the
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following facts were observed:

1)
2)

3)

Alnus occurs dominantly towards the substratum of the coal seam.
The dominant part of Quercus and that of Alnus show a reverse
relationship. Especially, this relationship occurs suddenly at the
lower part of the present coal seam. This characteristic part is
presented in figures by letter x.

The quality of coal tends to become better upwards from the
part at which the above-described alteration occurs.

The above-mentioned characteristics are recognized through all the

localities.

In such figures as Figs. 6, 7, and 9, which are made on the

samples taken from the upper part of the coal seam, the facts described
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in 1), 2) and 3) can not be found or only the Quercus dominant part
appears. If more downwards sampling is done, the above-described rela-
tionships shall be found.

Next, it is a remarkable features that Ericaceae pollen always occurs
in the upper part of the coal seam though in small quantity, while in the
lower part it rarely occurs.

Pinus-Picea-Abies-type pollens (most Pinus) are found commonly
through all parts of the coal seam in all localities though not very abundant-
ly, and they do not show any certain trend.

The occurrences of Betula, Carpinus, Myrica and Corylus-type pollens
are shown together as a curve in the Figs. 3-21, though some may dispute
this dealing manner of representation which such different several genus
are shown together. The reason for which the writer deals so are these
pollen are not so abundant [except Corylus] and appear to have not so
significant meaning in the present coal seam. The most remarkable
feature is the part of high frequency such as shown in Figs. 5, 6, 8, 10
and 13. These high frequency parts are composed mainly of Corylus.
This remarkable occurrence is not recognized in all localities, but it appears
to occur rather at randum. However, that these parts are found in the
Chikubetsu main pit area only may have some meaning and more observ-
ations are needed on this point.

The above-described features are the proper characters of the present
coal seam and especially the feature of occurrence of Alnus and Quercus,
and Ericaceae pollen may be useful for correlation of the present coal seam,

Consideration

Now, what do the above-described features mean?

Firstly, in connection with the Alnus and Quercus occurrence the
following paragraph quoted from a paper* by H. GODWIN that reports
on pollen analysis of a bog in England which shows a succession: salt
marsh — brackish water and willow-alder carr — oak wood, is very inter-
esting:

. Namely, though young to mature salt marsh with abundant
Graminaceae, alder-willow scrub with abundant fern undergrowth, young
ash-oak wood progressively killing out the earlier scrub until finally pure
oak wood is indicated by the high value of the pollen..... the tree pollen
also reflects the same succession, especially the very marked increase in

* H. Gopwin: 1934 p. 327.
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Quercus pollen and corresponding decrease in Alnus. The same inversion
in the relative importance of these trees is frequently shown from the
base upwards through the fen beds and progressive building up of peat
above the water table by the natural ‘reaction’ of the prisere...... "

The writer does not mean that this feature can be applied directly
to the present coal seam (for example, in the present coal seam fern
does not occur very abundantly). But a similarity on the noteworthy
reverse relationship between Alnus and Quercus may make one consider
some connection between the two cases. Moreover, the change is confined
in the lower part at both cases, and quality of coal become better upwards
from the part where this change occurs as if corresponded to the phrase
“through voung to mature salt marsh’.

It is also remarkable that the occurrence of pollen of Ericaceae which
prefer the acid soil condition and commonly grow on bogs, was mainly
recognized in the upper part of the present coal seam. The feature appears
to correspond to a succession of alkali—acid soil condition which is pro-
duced in such a bog as is described in the above-mentioned paragraph
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as “progressive building up of peat above the water table.” In addition,
the following statement® is interesting in respect of Kricaceae: ‘“they
thrive best in acid soil, for which a continual mulch of dead (oak) leaves
is helpful.”

It appears to the writer that the above-described aspects are not

* GRAVE:, A. H.:r "1727)52 p. 198.
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accidental, but an inevitable phase in relation to the growth of peat which

produced the Haboro main coal seam in situ.

To state it from a different

angle, if this coal originated alloctonously, why are the aspects of occur-
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rence of Alnus, Quercus and Ericaceae, which all are closely related to the
ecological conditions of the peat swamp, similar through all the sampling
localities? On the other side why does not such similarity occur through
all sampling localities of Betula-Carpinus-Corylus type pollens which
were not so closely related to peat swamp caused to form the present coal?
Namely, if materials which originated alloctonously were transported into
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the present basin by water it would seem water which transported the
pollen grains into this basin produced the different distribution in com-
pliance with the kind of pollen, and that is very unreasonable. If one
considers the formation of the present coal to have been #n situ, it is ex-
plained that the Corylus might be grown locally in the peat swamp which
formed the present coal seam and the pollen of Corylus showed the locally
great occurrence owing to its dwarf bush form ; that appears more reason-
able. Though, before the writer forms a conclusion on the origin of the
present coal seam, more studies are needed on the occurrence of all the
sorts of vegetation and other detailed observations are needed on the
coal seam; even on the basis of the above-noted matters it is reasonable
to think that the present coal originated in situ.

As regards Pinus-, Picea-Abies type pollen: as the greater part of
these pollens were probably transported by wind from the surrounding
high lands and have no connection with the swamp conditions, their
occurrence may not be very great and does not show any certain trend.

In addition to the above-described matters, another matter is ob-
served: clusters of pollen grains are sometimes found under the miecro-
scope. The existence of these clusters means that these pollen grains were
not transported by (any water) current to the site of deposition, but fell
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into the stagnant water in the swamp, for if these clusters had been
transported by currents they might have been resolved into separate pollen
grains. Consequently, the common existence of clusters of pollen grains
appears to strengthen the presumption of the formation in situ of the
present coal seam,

Next, commonly at the Quaternary peat beds of several decacenti-
meters the meaning of the changes of vegetations in them are reduced
mainly from the climatic side. Though these thickness correspond to the
much less thickness in the present coal (as mentioned in the paragraph:
on samples, their localities and method of sampling) the writer could
not find any meaning from the fluctuation of vegetation of vegetation in
such a thickness. Consequently, the trends which the writer has discussed
in the present paper may be controlled by factors of much larger scale
than those effecting the Quaternary peats. In other words, still more
studies from other points of view may be needed for the explanation of
the formation of the Tertiary coal. But, the writer does not at all neglect
that some Quaternary peats may correspond to Tertiary coal in respect
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to the mode of formation.

Though the writer can not refer to climatic effects from the present
data, but has discussed the formation of the present coal seam principally
from the edaphic side much more study is needed on whether or not
climatic effects are reflected in the fluctuation of the vegetation. It is,
however, concluded that the climatie environment of this area might be
temperate to warm-temperate considering from the floristic composition
and component; especially from the existences of Liquidambar, Nyssa,
Glyptostrobus, Taxodium, Ilex, ete.

Besides, to find the general trend of the floristic change of one coal
basin, sampling at one point in the basin is not sufficient; for example, if
one samples at only the one points as in Figs. 8 and 18 and make it the
representation of this whole coal seam, he may be unable to find the real
digtribution of Corylus and over-evaluate its occurrence and disregard the
meaning of the glight occurrence of Evicaceae.

Conclusion

The following conclusions are reached from the above-described

matters:

(1) It seems that correlation of the coal seam by the pollen analysis
method possible to some extent at the present case.

(2) Though farther studies based on sampling at more close interval
are necessary, it seems that pollen analysis at 10 ecm interval
(vertically) sampling is satisfactory to show the general floristic
change.

(3) The rapid decrease of Alnus pollen is accompanied by the rapid
inecrease of Quercus pollen at the lower part of the present coal
seam, and upwards from this part the quality of coal tend to
become better.

(4) 1Itis more probable that the coal seam (Haboro main coal-seam)
originates in situ.

(5) The flora judged on the basis of pollen grains seems to indicate
temperate to warm-temperate climatic environment.
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Explanation of Figures

Ordinates show sample numbers.

Abscissas show the percentage of total pollen.

------ X: the horizons from which Quercus occurs abundantly upwards and Alnus shows
rather much occurrence downwards. (refer to the paragraph ‘‘occurrence of pollen’’)
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Plate 1



e e e e
R

Explanation of Plate I

Abies

Tsuga

Tsuga

Pinus

Pinus

Tsuga

Pinus

Larix

9b. Seladopitys
Taxodiaceae

Tazodium
Sequoia-Metasequoia type
Sequoia-Metasequoia type
Glyptostrobus

Gly ptostrobus ?

size ()
96 X 72
48 x 42
53x43
75X 71
46 x 45
72 %63
58 x 50
53
53 x 46
26 %22
37x 85
27 %22
22
33x20
35x20

locality
Chikubetsu main pit

do.
Haboro second pit

do.

do.
Chikubetsu main pit
Haboro second pit
Chikubetsu main pit
Haboro second pit

do.

do.

do.

do.

do.

do.
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Explanation of

Plate 11



16.
17.
18.
19.
20.
21.
22,
23.
24.
25.
26.
27.
28.
29.
30.
3l1.
32.
33.
34.
35,
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.

Salix
Pterocarya
Pterocarya
Juglans
Juglans
Carya
Carya
Alnus
Alnus
Alnus
Alnus
Betula
Betula
Betula
Corylus
Corylus
Corylus
Corylus?
Carpinus
Carpinus
Carpinus
Quercus
Quercus
Quercus
Quercus?
Quercus?
Quercus?
Quercus ?
Castanea
Fagus
Fagus?
Fagus?
Nyssa ?
Nyssa
Nyssa ?
Nyssa
Nyssa
Clump of Alnus

Explanation of Plate 11

size (p)
24x18
31x26
30
36 x 32
40 x 34
32
30
28
28
22x20
29 x 27
26
21
25
25 x 23
25
21
26
31x 27
30x28
35 x 34
25x 21
24 x 23
29x 18
24 x14
28x 15
26x 14
22 x 20
15x12
40x 35
36
33
81 x28
30
34 x29
43x 35
45x 33

locality
Haboro second pit

do.
Chikubetsu main pit
Haboro second pit

do.

do.
Chikubetsu main pit
Haboro second pit

do.

do.
Chikubetsu main pit
Haboro second pit

do.
Chikubetsu main pit

do.

do.

do.
Haboro second pit

do.
Chikubetsu main pit

do.

do.

do.

do.
Haboro second pit

do.
Chikubetsu main pit
Haboro second pit

do.

do.

do.

do.

do.

do.
Chikubetsu main pit
Haboro second pit
Chikubetsu main pit
Haboro second pit
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Explanation of

Plate 1II



55.
56.
57.
53.
59,
60.
61.
62.
63a,
64.
65.
66.
67a,
68.
69.
70.
Tla,
2.
73.
74.
75.

Explanation of Plate 111

size (1) locality

Ulmus 34 x 28 Haboro second pit
Ulmus 33x32 do.
Liquidambar 46 x 37 do.
Liquidambar 37 do.

Tilia 40x 32 do.

Tilia 32 Chikubetsu main pit
Ericaceae 27.x 25 do.
Bricaceae 25 23 do.

cf. Engelharditia 19 Haboro second pit
b. Ilex 28 X 20 do.

Tlex 29 Chikubetsu main pit
Nympheraceae 67 % 60 Haboro second pit
Nympheraceae 63 x 44 do.

b. Lycopodiaceae 35 do.
Lycopodiaceae 43 x 40 do.
Osmunda ? 42x 32 do.
Lycopodiaceae or Lygodiaceae 42x32 do.

b. Cyatheaceae 48 do.
Polypodiaceae 38 x 32 do.
Polypodiaceae 36 x 24 do.
Undeterminable pollen 33 do.

Fungus (Septonema) 67 Chikubetsu main pit
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