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ABSTRACT: Minerals were analysed that had been found in penguin guano and
in underlying silicate weathering crust phosphatized by guano leachates. Struvite and
hydroxylapatite were found in guano, leucophosphite, minyulite, amorphous aluminum
phosphate and taranakite in phosphatized layer, and in some distance from the zone
of ornithogenic soils — vivianite. Minerals were identified by the X — ray analysis and
results of this identification were confirmed by the microscope studies and the analysis
of chemical composition. Results of the thermogravimetric analysis of the selected minerals
occurring in monomineral agglomerations (struvite, minyulite, amorphous aluminum phos-
phate, taranakite) are also presented. Relation between distribution of those minerals
in ornithogenic soils and changes in chemical composition of mineral-forming guano
leachates during their infiltration through soil, were described.

Key words: Maritime Antarctic, mineralogy, ornithogenic soils, phosphates, phosphati-
zation of silicates

1. Introduction

In the neighbourhood of the bird rookeries located on volcanic rocks,
under condition of sufficiently abundant precipitation due to reaction of
guano leachates with silicate minerals, very diversified secondary minerals
form. The forming mineral phases are mostly aluminum and aluminum —
iron phosphates bearing potassium and ammonium (phosphatization process).
Those minerals are usually cryptocrystalline and common use of X — ray
diffraction methods made possible the investigation of their structure.

*) This work was supported by the Polish Academy of Sciences within the MR-II-16
MR-I-29A Projects carried out at the Arctowski Station during the Fourth Antarctic Expedition
1979/1980.
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An attempt of nomenclature systematization of the previously known
aluminum-iron phosphates bearing potassium and ammonium was initiated
by Bannister and Hutchinson (1947). Principles of systematics of those
minerals were proposed by Haseman et al. (1950a, b) during the fundamental
pedologic studies. Those authors experimentally analysed the possibility of
reaction between phosphate ions and soil silicates under variable physi-
co-chemical conditions (Haseman 1950 a), and next they obtained by
immediate solution reactions all the main species of the minerals under
consideration (Haseman 1950b). The published X —ray patterns and
optical properties of the obtained eighteen various products of precipitation
were the basis of distinguishing of the nine fundamental systematic groups.
The supplements to those proposals may be found in the paper by Smith
and Brown (1959).

The distracted informations concerning occurrence of phosphatized rocks
accompanying guano beds were collected by Hutchinson (1950) and White
and Warin (1964) but only the Altschuler’s (1973) paper brought ge-
neralizations on their mineralogy.

2. The area of the studies

The investigations were performed during the Antarctic summer 1979/1980
in the region of the Admiralty Bay on King George Island (Fig. 1),
Maritime Antarctic. This island has relatively soft climate as for the neigh-
bourhood of the Continental Antarctic. Average annual temperature equals
—3.9°C (summer average — 1.1 C, winter average -6.7°C). The cloudiness
is almost continuous here and days without precipitation are scarce during
a year. Annual precipitation exceeds 800 mm and is distributed realtively
uniformly in the season. Air humidity is high and averages to 84 per cent
(Moczydtowski 1978, Zubek 1981).

During the season 1979/1980 on the ice-free patches of the Admiralty
Bay shore, forty-five thousand of penguin couples of the genus Pygoscelis
nested (Jablonski 1984). They assembled in several rookeries. Areas of
the largest rookeries (presented in Fig. 2—5) were the main field of studies.
Penguins nest both on the exposed shore rocks (Fig. 4) and on the inland
rocks separated from the sea by zone of crust of loose sedimentary rocks
like stony moraine clays, stony deluvia or stony and sandy raised beaches
(Fig. 2 and 3). Those rocks under action of the guano leachates use
to be intensively phosphatized, that results in characteristic vertical zonality,
described in soil science cathegories in the paper by Tatur and Myrcha (1984).

Mainly tertiary basalts and andesites and their tuffs are volcanites that
formed the island (Birkenmajer 1980). Such rocks occur as the bedrock
in the area of the studied penguin rookeries. Detritus of the same but
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Fig. 1. Sketch map of King George Island with marked ice-free areas after Birkenmajer
(1981) simplified by the authors and investigated penguin rookeries near Rakusa Point and
Llano Point und on Chabrier Rock

1- ice, 2-Quaternary cover, 3- solid rocks
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weathered rocks occurs in the loose sedimentary rocks surrounding the
penguin rookery, as it appears from the detailed petrographic analysis
performed for pebble and gravel fractions of the phosphatized moraine beds
around rookeries near Llano Point.

From the investigations of the several tens of rock fragments from the
Llano Point region and almost twenty thin sections from this material
there was concluded that most of the rock fragments is andesite and
only individual samples are rocks of basalt type.

Several varieties of andesite occurring in rock fragments were distin-
guished during polarization microscope studies. The differences concern mostly
the kind of rock groundmass. Andesites with the vitrophyric (glassy) gro-
undmass, locally weakly devitrified are the first variety. The groundmass
frequently is either greenish due to numerous chlorite crystals, or dark-brown
to black due to finely dispersed, submicroscopic hematite grains. The two
minerals, hematite and chlorites (presence of the latter was confirmed by
the X — ray determination), are seemingly the products of decomposition
and weathering of certain femic minerals, like biotites, pyroxenes and
amphiboles.

The second variety of andesites differs from the first one only in the
higher devitrification degree of volcanic glass. This devitrification is presented
by numerous fine xenomorphic quartz-feldspar aggregates and granular opaque
‘minerals in vitrophyric, chlorite-rich groundmass.

The third variety of andesites bears intersertal groundmass. Numerous
very fine acicular plagioclases are arranged in characteristic polygons, mostly
triangles, in vitrophyric or felsic mass.

All the above varieties of andesites bear similar phenocrysts, almost
exclusively large, automorphic or hipautomorphic plagioclases. Usually the
plagioclases are strongly phosphatized, specially in the central parts of
crystals. This complicates the recognition of their primitive composition,
on the other hand altered by intensive albitization. Rare less altered plagio-
clases are oligoclases with the angle 010/« ranging from 0° to —5° and
thus corresponding to anorthite content from 10 to 209,. Andesine up to
An 40 is subordinate. Besides to plagioclases the studied rock fragments
bear relatively rare phenocrysts of diopside augite and basalt augite of
angles Z/» 40° and 49°, respectively. Moreover, there occur the brown,
cluster pseudomorphs of iron oxides and/or hydroxides after undeterminable
femic minerals, sometimes with fine intergrowths of poorly-crystalline, dark-
green chlorite.

Generally, the fragments of those weakly phosphatized andesites have
only slightly altered matrix but strongly altered phenocrysts. Fragments
of strongly phosphatized andesites although being the rock varieties similar
to the described above, consist besides of altered phenocrysts also of
intensively altered groundmass. Groundmass, devitrified in various degree,



Fig. 2. “Point Thomas” penguin rookery near Rakusa Point
Nesting area is surrounded with light-coloured band of dry guano; S — struvite finding
place, L/x — place of sampling of leucophosphite with 8,9 A, X —ray reflection mineral.

Photo. K. Furmanczyk

Fig. 3. Penguin rookery near Llano Point
Nesting area is surrounded with light-coloured band of dry guano; M — minyulite finding
place depth 15—90 cm, A — amorphous aluminium phosphate finding place depth 70—95 cm,
T — taranakite finding place depth below 120 cm, V — vivianite finding place depth 50—150 cm,
M/x — place of sampling of minyulite with 8,9 A X-ray reflection mineral depth 10—70 cm

Photo K. Furmanczyk



Fig. 4. Penguin rookery on Chabrier Rock
Nesting area is surrounded with light-coloured band of dry guano; L/M place of sampling
of leucophosphite with minyulite, H — place of sampling of hydroxylapatite.

Photo K. Furmanczyk

Fig. 5. Area of the vast Adelie penguin rookéry near Point Thomas
Photo H. Jackowska
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is dark-brown or sometimes even black, and poorly transparent. These
features of groundmass are caused by finely dispersed, very abundant
products of phosphatization and weathering, very difficult to identification
due to minute size of their particles. Locally this groundmass is greenish,
probably for reason of the presence of very fine intergrowths and inclusions
of chlorite. Granular opaque minerals are quite common. Phenocrysts are
weakly altered usually automorphic, zonal plagioclases. Individual recurrent
zones are narrow and fine. Plagioclase composition ranges from oligoclase
(average An 23) to labrador (average An 52), but andesine about An
40 is the most common plagioclase. Those plagioclases are weakly phosphatized,
although there were found rock fragments with the stronger phosphatization,
especially of the phenocryst inner core, richer in anorthite component.
Complete phosphate pseudomorphs after plagioclases occur exceptionally.
Basalt and diopside augites are the other but rare phenocryste, moreover,
uralite-chlorite pseudomorphs after femic minerals, presumably amphiboles and
pyroxenes, are quite common. Iron oxide/hydroxide pseudomorphs after
femic minerals were found exceptionally in this type of rock fragments.

The basalt-type rock fragments have felsic microcrystalline groundmass,
consisting of very fine, xenomorphic aggregates of quartz and feldspars,
less common chlorites and granular opaque minerals. Hipautomorphic,
weakly altered (chloritization and uralitization) basalt augites with the angle
Z/y ranging about 50° and phosphatized plagioclases of anorthite content
difficult to determination are the prevailing phenocrysts. Chlorite-iron oxide/
hydroxide pseudomorphs after femic minerals are less numerous and ser-
pentine-iddingsite pseudomorphs after olivine, frequently with dark-brown
iron compound rims, are rare.

3. Methods

In the paper written by Tatur and Myrcha (1983) the ornithogenic
soils near Llano Point were described in details. Phosphates belong to the
mineral components occurring in stony loams forming those soils. In certain
places the accumulations of exceptionally pure phosphates were found.
Thus, one may suppose that those accumulations are monomineral. Mi-
neralogical analysis of those phosphates is discussed in the present paper.
Identification of the pure, standard phosphates made possible the deter-
mination of mineral composition of polyphase phosphate-silicate mixtures,
commonly occurring in the described ornithogenic soils.

Chemical analysis of phosphates was made from the air-dried samples.
After initial mineralization of the ground samples at temperature below
500°C, the samples were decomposed by boiling for 30 minutes in HCI
and HNO; mixture (Belpol’skij et al. 1974). The part of sample insoluble
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Fig. 6. The X-ray diffraction patterns of ornithogenic phosphates and coexisting minerals
In the diffractograms of the polyphase samples the letters mark only selected reflections,
specific for the individual components; K — krill with halite, S — struvite, H — hydroxylapatite
(H) on the silicate background (R) and with the small admixture of leucophosphite (L),
L/M — leucophosphite (L) with minyulite (M) on the silicate background (R) and with
the small admixture of and hydroxylapatite (H), L/X — leucophosphite (L) and phase



15.92

3.81

60 50 40 30 20 10 °26

X with the strong reflection 89 A on the silicate background (R) and the

small admixture of leucophosphite (L). M — minyulite, A — amorphous aluminum phosphate
with small amount of silicates (R), T — taranakite.

Note: numerical values of intensities of individual reflections in monomineral samples

of struvite, minyulite and taranakite measured by the planimetric method, are presented
in the paper of Tatur and Barczuk (in press).
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in acids was filtered on cellulose filter, next dried and weighted. Phos-
phorus was separated from cations by ionite treatment, as described by
Belopol’skij et aly (1974). Phosphorus was determined in leachate colo-
rimetrically with use of the metavanadate method (Belopol’skij et al.
1974). Sulfate ion was determined by turbidimetric method (Marczenko
1979). Cations after leaching from the ionite used, were determined by
the atomic absorption spectrometry under conditions described by Rantala
and Loring (1975), almost not differing from conditions recommended
by Langmyhr and Paus (1968) for analysis of solutions of composition
similar to the discussed ones. According to those authors, the determinations of
"Ca, Mg and Sr should be performed in the N,O — acetylene flame with
the potassium buffer excess. The proposed method minimalizes the interfe-
rence occurring during Ca, Mg and Sr determination, especially apparent
when concentrations of those elements are low and concentration of aluminum
is high. . .

During analysis of chemical composition of natural waters, the mineral
(inorganic) forms of nitrogen and ortho-phosphate were determined imme-
diately after sampling. Ammonium nitrogen was determined by the colori-
metric hypochlorite method after appropriate dilution, applying the modi-
fication of the Solorzano’s method (1963) made by Dowgiatto (pers. comm.)
Nitrate and nitrite nitrogen was determined colorimetrically with a-napthy-
lamine. Nitrate nitrogen after reduction in the column filled by cadmium (accord-
ing to the procedure recommended by the Smithsonian Institution in 1978 in
the “Laboratory guide for nutrient analysis of water, soil and plant ma-
terial”). Phosphorus was determined colorimetrically by the molybdenum blue
method (Strickland and Person 1968). Chlorides were determined by the
turbidimetric method (Marczenko 1979), and soluble carbon, after eva-
poration of solution, by the wet combustion method (Maciotek 1972).
Metals were determined by atomic absorption spectrometry in preserved
solutions in three months after sampling, Calcium as well as magnesium
according to the method described by Ward and Biechler (1975).

Microscope observations and determinations were preformed with use
of the loose powder preparations immersed in Canada balsam and thin
sections in polarisation microscope Polam L-211. A series of observations
of fresh cleavage surface was made with use of the Tesla PS — 300 scan-
ning microscope; the preparations were covered with gold.

The X — ray powder analysis was performed with use of the diffracto-
meter DRON — 1 with the filtered Cuk o radiation, anode current voltage
38 mV, intensity 10 mA (Fig. 6). The thermogravimetric analysis was made
in the device D-1500-Q, MOM Budapest production, in ceramic crucibles
with inert reference substance Al,O ;. Temperature increment rate was 10°/min,
sensitivities DTA 250 mA, DTG 1 mA, recording tape velocity 2,5 mm/min
(Fig. 7)
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Fig. 7. Results of the thermographic analysis of struvite, minyulite, amorphous aluminum
phosphate and taranakite
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4. Results

4.1. Struvite

Accumulates of pure struvite were found only in one place. Waters
running off from the breeding penguins rookery near Thomas Point, after
filtration through the surface layer of soil in the rookery area, next
flowed out from the spring below the rookery (Fig. 2). Slowly flowing
waters moistured the flat rock slab of the surface about 1 m? and
here pure struvite crystallized. Struvite accumulated as a few-centimeter
wide layer of loose gravel of the crystalline aggregates. Water, from which
struvite crystallized, had alkaline reaction, high total salt content and high
ammonia ion concentrations, but low ones of phosphorus and magnesium
(Table I).

Table L
Chemical composition of ornithogenic waters
origin N/NH, N/NO, N/NO,P/PO, Ca Mg C org. Cl- Conducti
of pH - - dissolve vity |
water mg/l mg/l  mg/l mg/l mg/l mg/l mg/l mg/l uS
S
A >74 7000 0.05 0.06 300 .
B =274 365 0.04 005 100 2820 |
C . >74 360 48 2.8 4 24 16 16 568 2140
D 40 450 *157 18 220 22 65 80 16l 808
E 4.0 4 43 0.02 6 <3 320

A—surface run-off from the penguins rookery (Tatur and Myrcha 1983)

B—surface run-off at the foot of the hill occupied by penguins (Tatur and Myrcha 1983)

C—surface water in place of struvite crystallization

D—ground water (after percolation through ornithogenic soil) in the bottom of the profile No. 5.

E—waters which after percolation through ornithogenic soil from stream in dry period when area of penguins ro-
okery is dry (Tatur and Myrcha 1983)

Struvite ussually occurs as perfect, automorphic crystals orthorhombic
symmetry and tabular habit consisting of combination of pedion, pinacoid
and orhtorhombic domes (Fig. 8) typical of the class of orthorhombic
pyramid.

These forms are identical as the ones presented for struvite in Pen-
kala’s handbook (1977), but different than examples shown in the Dana's
mineralogical handbook (Palache, Berman and Frondel 1951). The di-
rection of the crystallographic axis Z in this class is determined by the
line perpendicular to the pedion {001}, in thé studied crystal being in
agreement with the optic vector nf. Optic axes plane is then parallel
to the face {001} and next one may accept after Larsen and Bergman
(1958) that the X axis agrees with no vector and the Y axis with ny vector.



Fig. 8. Aggregates of struvite crystals with the marked crystallographic faces

Scanning electron microscops image, magnification 145x; b— {010} the second pinacoid,-
r— {101} the transversal upper dome of the second order, r — {101} the transversal lower
dome of the second order, q— (011} the transversal upper dome of the first order,

¢ — {001} the lower pedion

Photo A. Tatur, A. Barczuk



Fig. 9. Hydroxylapatite
Homogeneous, fine-grain phosphate aggregates occurring between fibrous bundles of the
chitinous krill remnants. Scanning electron microscope image, magnification 200 x.
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This optic orientation is different than that presented by Dana. Tabular
flattening (Fig. 8) visible in most crystals occurs along the pinacoid {010}
plane, and this causes that identical forms as presented by Penkala finally
give the tabular habit differing from the standard crystal habit shown
by this author. Cleavage typical of struvite is parallel to the {001} pedion
and it is visible (Fig. 8). Most of crystals are several tenths of millimeter
long, but individual crystals may reach few millimeters in length. Accre-
tion of struvite crystals according to the face (010) is frequent, resulting
in aggregates of the size; twins after the face (001) are relatively rare.
Struvite is colorless, non-pleochroic mineral, although abundant gas-liquid
and mineral inclusions may cause an accidental color of crystals: brown,
gray or black, depending on the inclusion type. Frequently inclusions
outline the growth zones of crystals. Usually outer zones of crystals are
clear and inclusion-free. Refractive index of struvite ranges from 1.49 for
ne to 1.50 for ny, similarly as published by Palache, Berman and Frondel
(1951) Light extinction in struvite is parallel and birefrigence equals 0.01.
The mineral is biaxial positive (ny is the acute bisectrix) with small optic
axes angle about 35° and negative sign of elongation.

The X —ray determination ‘of pure struvite (Fig. 6) makes possible
its unambiguous identification on the basis of the standard pattern (Swa-
nson et al. 1964). In details the obtained diffractogram is identical with
the standard one, made under the same conditions and with use of the same
apparatus (Szpila et al. 1982).

The performed chemical analysis revealed certain deviation from the

generally accepted formula Mg(NH,)PO, x 6H,0. Some prevailence of Mg
ower NH, (Table II) was found, what may suggest the alteration of part
of struvite in nitrogen-free newberite (Bridge 1971). The X — ray analysis
did not detect any trace of other crystalline phases, including chemically
similar phosphates, but it had been performed from the same ground ma-
terial several months before chemical analysis was made. Partial alteration
in newberite might take place during storage of the ground sample waiting
for chemical analysis (Bridge 1971). Chemical analysis of struvite performed
in the sampling place from the newly collected material detected 6,0 wt.
9% of nitrogen (Tatur, unpublished data), i.e. amount even exceeding the
theoretical content of this element in pure struvite.
"~ In chemical composition of the investigated struvite the high content
of manganese isomorphically substituting magnesium, is apparent. This
agrees with the earlier observations. However, the found manganese concen-
tration is almost two times higher than the content of manganese reported
by Bridge (1971) for struvite that formed under comparable conditions
in Skipton Cave, Australia, but there are known also struvite specimens
with MnO reaching 29, (Palache, Berman and Frondel 1951).

On the DTA curves (Fig. 7) the two-stage dehydratation is recorded
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Table I
Chemical composition of phosphates
K S H L/M
P,0; 4.03 28.51 18.24 —
CaO 1.37 0.57 15.26 6.72
Al,0, 0.04 0.00 15.26 8.69
Fe,0; 0.04 0.16 4.43 8.29
K,O0 0.84 0.07 0.27 1.38
MgO 0.76 17.80 0.47 0.58
Na,O 4.19 0.11 2.34 0.84
SrO 0.021 0.00 0.27 0.09
MnO 0.021 0.370 0.04 0.06
ZnO 0.002 0.000 0.033 0.01
CuO 0.0027 0.001 0.031 0.02
TiO, 0.00 0.05 0.01
insoluble 1.55 13.53 27.74
loss on weight
600°C . 38.38 23.20
sum 100.7 98.10 98.95
loss on weight
110°C 4421 6.65 —
C 1.17 18.16 6.32
N 5.14 2.86 1.72
H 496 2.47 1.80
S 0.01 0.65
Molar ratios P 1 3 2
N 0.92 — 0.82
Mg 1.10 — —
Al — — — 1.13
Fe — — 0.52
K — — 0.20
Mn 0.01 — —
Ca — 312 —_
H 12.25 — —

Description of the samples:

K — krill sample with halite

S — pure struvite

H — sample of guano with high hydroxylapatite content

L/M — sample of phosphatic, clay with high content of leucophosphite and minyulite :

L/X — sample of phosphatic clay with high content of leucophosphite and undefined mineral with 8.9 A pattern
M/X — sample of phosphatic clay with high content of minyulite and undefined mineral with 8.9 A pattern
M — pure minyulite I

A — almost pure emorphous aluminium phosphate

T — pure taranakite |

R --rock

at temperatures 105°C and 125°C with the total mass decrease
40 wt. 9%. Endothermic reaction with maximum at temperature

about
260°C

and mass loss about 109 means most probably the NH, volatilization.
Exothermic reaction with maximum at 680°C without mass loss probably is
connected with a sample recrystallization still not recognized sufficiently.
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L/x M/x M T A R
16.77 17.40 31.53 40.88 25.65
0.27 1.19 0.77 0.14 2.10 3.50
10.00 10.96 22.30 18.50 20.41 24.57
9.44 3.43 0.69 1.40 1.44 6.44
1.26 4.70 11.20 6.38 1.18 2.65
0.35 0.18 0.22 0.07 0.22 2.85
0.16 0.32 0.41 0.22 0.49
0.01 0.01 0.06 0.00 0.22
0.015 0.02 0.005 0.000 0.015 0.13
0.014 0.13 0.02 0.000 0.019
0.021 0.01 0.041 0.015 0.048
0.12 0.13 0.05 0.03 0.05 —
43.60 40.92 4.40 1.75 10.24  49(Si0,)

18.25  17.40 27.06 32.01 36.34
100.28 96.80 98.76 101.40 98.42

— — 6.77 24.01 21.64

2.48 4.10 4.61 2:59 6.36
1.41 0.96 0.99 1.35 0.92
2.02 2.12 2.60 3.66 3.48
0.18 0.06 0.23
2 2 2 8 1
0.97 0.56 0.32 1.34 —
1.66 1.75 1.97 5.05 1.11
1.00 0.35 0.04 0.24 —
0.23 0.81 1.07 188 —

— — 11.59 50.43 9.53

4.2. Hydroxylapatite

In soil at the rookery area, espetially in somewhat deeper layer of
guano, hydroxylapatite is the common mineral. It occurs also in the thin
(1—2 cm) guano layer transported by rainfall water and deposited on the
soil surface around the rookery. Hydroxylapatite does not form monomineral
accumulation but cryptocrystalline earthy mass among mineral and organic
detritus. In scanning microscope the homogeneous, earthy phosphate aggre-
gates are visible, occurring loosely or between the fibrous bundles of the
chitinous remains of krill (Fig. 9). Nowhere in the phosphate mass the
automorphic crystals were found. The internal structure of aggregates may
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be observed frequently as the irregular stratification that developed usually
on fine organic detritus from dripping water solution (Fig. 10).

Hydroxylapatite Ca {(PO,) ;OH was identified in the sample H. All reflections
with intensity over 0.10 were found which are typical of apatite according
to the ASTM standard, but from literature data it appears that under
similar mineral-forming conditions the formation of hydroxylapatite is most
probable. The most important reflections with intensity exceeding 0.20 were
marked on the diagram. Shape of these peaks is exactly the same as
obtained for the standard apatite, presented in the paper of Szpila et
al. (1982). In other samples the diffractogram was reduced to the wide,
diffused, asymmetric peak with maximum 2,80 A and poorly separated
reflection 3,44 A. The two latter are the only reflections appearing when
samples of poorly crystalline mass of hydroxylapatite was studied by the
X — ray method. Similar pattern for poorly crystalline apatite was obtained
by Szpila et al. (1982) during analysis of the kidney stone (Nr — 156.RJ).

Evidently, during chemical analysis of the hydroxylapatite-bearing sample
the elevated content of calcium was found. If all amount of calcium is
bonded in hydroxylapatite, about 27 wt. 9, of this mineral may be expected
in the sample. One may calculate that about 64 wt. °, of total phos-
phorus present in soil mass occurs as hydroxylapatite and the remainder
is mostly in the decomposing organic matter taking about 1/3 of the
analysed sample and in leucophosphite. Presence of the traces of this mineral
was ascertained in this sample by the X — ray method.

4.3. Leucophosphite

It occurs commonly around the penguin rookery in the surficial layer
of the phosphatized rocks in ornithogenic deposits. Leucophosphite is here
the main identified phosphate mineral in clayey pale-yellow mass filling
interstices of the rocky rubble (Tatur and Myrcha 1983). For minera-
logical investigation the samples were selected with the highest content
of phosphorus and the lowest amount of mineral detritus. The sample
L/M was taken from the surfacial, stony soil layer on the margin of the
huge rookery at Chabrier Rock (Fig. 4). The sample L/x is the clayey
mass filling the interstices between cobbles of the raised beach (about 10 m
above sea level). This area is on the way of the water flow-out from
the biggest penguin rookery in the Admiralty Bay region near Thomas
Point (Fig. 2). Pure leucophosphite was not found, but it always occurs
with mineral or organic detritic material, plus other phosphates (Table III).

Powder preparation made from the leucophosphite — bearing soil material
in polarized light in microscope appears to form the compact, micro-
crystalline aggregates of pale-yellow to light-brown color. Grains with high
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- Table IF[I
Mineralogical composition of ornithogenic soils ‘
(on the basis of X-ray analysis) ' i
; £ 1 ) L s 2 -~
Sign of sample & § 2 ]
o . Tatur and Myrcha = s & 2 oo
Horizons of in > a S 8o %5 =
) . . 1983 9 2 < £ =883
ornithogenic soils this T O % & S a34| G
work Profile Depth é‘ TE o 9 E‘i g,.‘é ‘é s -’8‘
number (cm) w I3 S S <53eESx
S 0—2 3~
Pr 17 0—5 2 I 2
Guano H 0—10 2 1 2
Pr 6 -5 . 2 2 2
Surface L/M 0—10 1 2 2 2
layer L/x 0—10 2 21 2
» } Pr 7 0—10 1 2 2 2
g M/x Pr 7 10—70 2 2 2
3 ) Pr 8 20—80 2 2 2 2 2
o Subsurface Ma Pr5 60—65 3
2 layer Pr 5 45—70 2 1Ie
a = Pr 5 70—90 2 2 1
S :
A A2 Pr 5 90—95 1 2 1
Layer below Ta Pr 6 <120 3
ground water Pr. 6 <120 1 1 2

level

S, H, LM, L/X, M/X, M, A, T — explarlation as in Table II.
1 — trace component of the sample,

2 — important component of the sample,

3 — component of the pure monomineral sample,

a — sample after mechanical enrichment,

¢ — component suspected according to chemical analysis.

refractive indices (average about 1.72) in this mixture may be leucophos-
phite, what is in agreement with data presented by Haseman et al
(1950 b) for minerals of the group No. 4 identified by Smith and Brown
(1959) as leucophosphite. This mineral is so fine-crystalline, that between
crossed nicols it is almost completely isotropic. Other optic features are
not discernible microscopically. In scanning microscope, auto — and hi-
pautomorphic prisms sometimes with slightly rounded edges, densely braided
and visible only under very large magnification, may be leucophosphite
(Fig. 11). They occur in the finest grain classes of the analysed soils. The
similar leucophosphite crystals with habit of stout prisms were described
by Haseman et al. (1950 b).

Leucophosphite was identified on the basis of the X — ray reflections
typical of leucophosphite and the later-described minyulite, a single very
L/x. The complete pattern was obtained, characteristic both for the natural
mineral (Simpson 1931-2 Lindberg 1957, Axelrod et al. 1952, Sim-
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mons 1964) and for the respective synthetic substance (group 4 of Ha-
seman et al. 1950 b). In the leucophosphite determinations performed in
the above investigation, the following reflections occur most consistently:
strong and very strong — 6.73 — 6.79, 5.92 — 6.08, 3.03 — 3.08: medium
and weak — 7.50 — 7.61, 4.73 — 4.78, 4.20 — 4.28, 4.05 — 4.08, 3.76 — 3.80,
3.34 —3.38, 295—2.99, 2.88 —2.92, 2.79 —2.83, 2.46 —2.66. The same
reflections may be found also in the diffractograms of the samples L/M
and L/x, presented in the Fig. 6. In Fig. 6 the letter L marks only
those specific and important reflections, which make possible the easy
distinguishing of leucophosphite from the other minerals occurring in the
mixture. From the comparison of the reflection intensities of the studied
leucophosphite with the reflection intensities of the synthetic precipitates
(Haseman 1950 b) it may be concluded that the reflections obtained for
the studied sample are rather typical of the iron-potassium leucophosphite
(group 4, product I) than of the iron-ammonium or aluminum-potassium
phosphates, enlisted to the same group but different in some details.

The leucophosphite content certainly does not exceed 50 wt. °/ in the
described samples, as it may be calculated from chemical analysis. Leucop-
hosphite does not form the monomineral accumulates, but always it occurs
in mixtures with other phosphates plus significant content of silicates and
organic matter. Hence, the precise determination of its composition is
difficult due to the above fact and its crystallochemical formula with
extensive isomorphism (K,NH,) Fe "3 Al),(PO,),OH x2H,0. Probably in
monovalent cations the distinct prevalence of NH, over K should occur,
and in trivalent cations Al and Fe either should be in equilibrium or
Al should prevail over Fe.

In comparison with the other known occurrences of natural leucop-
hosphite (Simpson 1931-2 Lindberg 1952, Axelrod 1952), the mineral
described here is relatively poor in potassium and rich in ammonium and
it contains relatively high amount of aluminum isomorphic with iron. Thus
it is probably the intermediate form of leuco-phosphite similar to that
described by Wilson and Bain (1976) from the adjacent Elephant Island,
where natural conditions are very similar. However, leucophosphite with
even higher prevalencé of ammonium over potassium than that found in
the present work, was described from Cave Serra do Tamandua in Minas
Gerais, Brazil (Simmons 1964).

4.4. Non-identified phase with strong reflection 8,9 A

In the diffractograms of the samples L/x and M/x besides of reflections
typical of leucophosphite and the later-described minyulite, a single very
strong reflection 8,9 A was found (Fig. 6). This reflection is present
also in the other samples (Table III). where it was detected together



Fig. 10. Hydroxlapatite
Structure of the aggregates — irregular dripstone — type layéring are visible, formed on the
fine organic detritus. Scanning electron microscope image, magnification 5500x.

Fig. 11. Hipautomorphic prisms of leucophosphite on the background on the soil mass
Scanning electron microscope image, magnification 3400x

Photo A. Tatur, A. Barczuk
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with the reflections of hydroxylapatite. Hence, this mineral form is common
in the studied soils at different depths, but always it accompanies the various
phosphates.

The strong reflection 8,9 A dominating over the other reflections is
pertinent to sodium-aluminum phosphate obtained by Haseman et al
(1950 a). Low sodium content in the studied sample (Table II) excludes
the presence of this phosphate. Also Cole and Jackson (1950 a) obtained
the synthetic phosphate with the strong reflection 8,83 A (preparation Q).
The crystal species of this preparation was formed when a colloidal iron
phosphate suspension was taken to dryness on the hot plate at approximate-
ly 105 C. Chemical analyses performed from the studied samples do not
exclude the possibility of presence of iron phosphates. However, in the
X — ray pattern of the synthetic phosphate “Q” in addition to the very
strong reflection 8,83 A also other strong reflections occur: very strong
3,76 A, strong 3,00 A, medium 2,03 A and medium 1,58 A. Those re-
flections not always were found in the studied samples and even if they
did, they have lower intensity. Also other iron phosphates, sodium-potassium
phosphates or sodium phosphates with strong reflection neighbouring 8,9
A (ASTM), have also accompanying reflections, not occurring in the studied
samples.

For the reasons written above, the crystalline phase with strong reflection
8.9 A still was not identified.

4.5. Minyulite

Minyulite commonly occurs in the ornithogenic soils (Table III). It is
typical especially of the subsurface brown layer, where it is frequently
the main phosphate mineral and it works as the cement of the clayey soil
mass. Especially high concentration of minyulite was found in the profile
No. 5, described by Tatur and Myrcha (1983). It is the prevailing
mineral in the almost one-meter thick, phosphate hard layer of the cha-
racteristic sponge-like structure in this profile (Fig. 12). The sample M was
taken from the depth 60 — 65 cm, after thorough selection of all impurities
like silicates and eventual amorphous aluminum phosphate, which is a little
harder and darker. Only the brittliest (easiest to ground), pale-yellow frac-
tion of the sample material was analysed; it occupies over 70", of rock
mass. '

Minyulite in thin sections is visible as very fine-crystalline mass with
yellow to light-brown colour and distinctly zonal structure. In aggregates
of minyulite similarly to amorphous aluminium phosphate, the zonality is
the irregular laminae of variable thickness, differing in the tint of the
yellow-brown colour and forming spheroidal pattern that results in the bo-
tryoidal structure. The thickness of laminae ranges from 0.01 to 0.4 mm
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and the thicker laminae has the lighter colour. The refractive indices of
minyulite are close to the value 1.53, what is the medium refractive
index for the vector f, as published for minyulite from the Adelaide area
by Spencer et al. (1943). The studied minyulite contains very fine, den-
sely packed, distinctly anisotropic scales with birefrigence difficult to the
exact determination but not exceeding 0,005, which occur in almost com-
pletely isotropic mass. The determination of the other optic constans like
the angle of optic axes, was not possible due to minute size of minyulite
crystals. )

Minyulite gives the white internal reflections in reflected light, what
is the distinct difference in comparison with the frequently accompanying
brown amorphous aluminum phosphate.

Sometimes around volcanic rock fragments phosphatized in various degree
one may observe probably alternating, very thin rims of minyulite and
somewhat thicker laminae of amorphous aluminum phosphate. Minyulite
is here lighter, has higher refractive indices and distinct birefrigence in
coarser-crystalline rims.

The rock formed from almost pure minyulite shows the porous structure
in the scanning microscope (SEM), as in Fig. 12. The walls of pores are
solid and massive with rough cleavage. They are formed from dense aggre-
gate of very small crystals oriented perpendicularly to the pore wall
surfaces. The thinning of crystals toward the massive interior of the pore
walls is visible on the cleavages (Fig. 13). Surface of pores with botryoidal-
spherical morphology (Fig. 14) is covered by dense druses of heads of the
above-described tiny crystals (Fig. 15). Locally, under the highest obtained
magnifications (about 6.000) the acicular habit of those crystals is visible.
The best examples may be found in relatively rare radial (Fig. 16) or
dendritic aggregates (Fig. 17).

The above-described forms of the minyulite crystallization are distinctly
different than “a short prismatic habit” described by Spencer et al. (1943)
from Southern Australia, but they seem to be similar to the radial
aggregates of needles described earlier (Simpson and Le Mesurier, fide
Palache, Berman and Frondel 1951), during the characteristics of miny-
ulite from the Western Australia and “slender rod prisms” type of this
mineral described by Haseman et al. (1950 b). 1

Minyulite was identified on the basis of the X — ray reflections agreeing
with the natural type minyulite from Minyulo Well in Western Australia
(Spencer et al. 1943). It has also the same values of main X — ray reflections
as synthetic minyulite (product T group 9 of Haseman et al. 1950 b),
although with some different intensities. All reflections visible in the Fig. 3,
- even those with the lowest intensity, belong to minyulite. The most im-
portant ones were found in both standards and the less intensive ones
occur either in natural mineral or in synthetic compound.



Fig. 12. The rock formed of minyulite
Porous, spongy-like structure of minyulite with traces of silica-clayey-phosphate remnants of
phosphatized fragments of volcanic rocks are visible inside voids. Scanning electron microscope
' image, magnification 19x

Photo K. Stasiak



Fig. 13. Minyulite: crystal druses inside voids
Crystals grow out from the massive wall forming druses on its surfaces. Moreover, nu-
merous not identified organic remnants are present. Scanning electron ‘microscops image,
magnification 1390x

Photo A. Tatur, A. Barczuk



Fig. 14. Minyulite. Botryoidal forms of the void interior.
Scanning electron microscope image, magnification 615x

Photo A. Tatur, A. Barczuk



Fig. 15. Minyulite. Crystal druse covering the internal surface of voids
Scanning electron microscope image, magnification 2420x

Photo A. Tatur, A. Barczuk



Fig. 16. Minulite. Acicular crystals forming sphereolites.
Scanning electron microscope image, magnification 1960x

Photo A. Tatur, A. Barczuk



Fig. 17. Minyulite. -Acigular crystal forms concentrated in spherolitic and dendritic aggregates.
Scanning electron microscope image, magnification 2650x

Photo A. Tatur, A. Barczﬁk
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Chemical analysis presented in the Table II is the basis of calculation
of the chemical formula close to the widely accepted one (Fisher 1973 a):

KAIL(F,OH) (PO,), x4H,0

Determinations of fluorine in the minyulite rock performed in the FRG
(3.45 percent of fluorine, data owned by Prof. D. Adelung, Institut fiir
Meereskunde, Kiel) result in completion of the above formula as follows:

KAl (F,5,0H, ,) PO4 X 4H20

However, due to the fact that the sample for fluorine determination
was not purified by mechanical way and it contained more silicate than
the sample analysed in this investigation, one may suppose that fluorine’
content in the minyulite structure is even higher and it approaches one
atom per molecule and the alternative hydroxyl group content decreases to
nil. Of course this formula does not include the non-identified organic
matter (C, N, H) and metals connected with the several-percent silicate
admixture. A

Thermal analysis of minyulite gave results more differentiated than for
the other described phosphates (Fig. 7), but the absence of the literature
DTA data for this mineral makes the interpretation difficult. Two distinct
DTA effects at 110 and 230°C and the respective endothermic reactions
recorded on the DTA curve were caused probably by the loss of hyg-
roscopic water at the lower temperature and crystallization water at the
higher one. The attempt of interpretation of the four distinct exothermic
DTA peaks at 430, 480, 635 and 725°C met serious troubles. All
those peaks except that at 480°C are associated with the small mass
losses recorded mostly on the DTG curve. Lack of the mass loss at
480°C suggests that the reaction occurs due to recrystallization, similarly
as at 630°C in taranakite. The other thermic reactions may be caused by
the combustion of organic matter taking almost 10 wt. 9, of the sample
and release of fluorine.

The numerous and various exothermic reactions may be connected eventual-
ly with the combustion of organic matter and they may be influenced
by the adjacent penguin rookery and the possibility of selective bonding
of groups of organic compounds by phosphates (Lewis and Scharpf 1973).
Probably individual organic compounds in this environment are submitted
to the specific reactions on heating, which may be the basis of their
identification (Stefanovic 1957, Chesters et al. 1959). However, these
possibilities do not seem applicable in this case without additional studies.
At 745°C the sample melted, what was recorded on the DTA curve as
endothermic reaction.



80 . A. Tatur and A. Barczuk

©4.6. Amorphous aluminium phosphate

Amorphous aluminum phosphate forms hard, dark-brown, solid and glassy
encrustations on the phosphatized detritic material of volcanic rocks. The
difficulties in identification, especially in fine fractions and in mixtures
with other phosphates and silicates, make impossible the unambiguous
evaluation of frequency of occurrence of this mineraloid in the studied
ornithogenic soils. The distinct presence of this mineraloid was detected
in the profile No. 5 (Tatur and Myrcha 1983). In this profile at the
depth 70—90 cm aluminum phosphate, together with the phosphatized silicate
inner core, forms grains in the porous lighter and brittle mass of minyulite
(Fig. 18). Deeper, at the depth 90—95 cm below soil surface, under ground-
water level, after the selective dissolution of minyulite, the grains of aluminium
phosphate form the layer of loose gravel. The above described aluminum
phosphate after mechanical separation of other phosphates and silicate inner
core, was analysed. It forms the X — ray amorphous phase (Fig. 6).

Amorphous aluminum phosphate in thin section under polarization micros-
cope reveals the distinct zoning connected with its gradual precipitation
on silicate grains. This zoning is visible in transmitted light as irregular
laminae surrounding silicate grain, what results in agate-like structure (Fig.
18). Laminae of pale-yellow through brown to black colour have variable
thickness, from 0.03 to 1.0 mm, and the thicker ones are lighter. Main
mass of aluminum phosphate is completely isotropic, only sometimes im-
mediately on silicate grains or next to them the light yellow, thin rims
occur with low birefrigence and fibrous structure; they form microscopically
different phase. Refractive index of amorphous aluminum phosphate is
somewhat lower than refractive index of Canada balsam, ranging from 1.46
to 1.48. This value is close to the data presented by Taylor and Gurney
(1960). Refractive index of the birefrigent phase is distinctly higher than that
of amorphous aluminum phosphate or Canada balsam. But refractive index
of the coexisting minyulite is higher than refractive index of amorphous
aluminum phosphate but a little lower than that index of Canada balsam.

Phase with initial birefrigence present in amorphous aluminum phosphate
has light yellow colour and fibrous structure (fibers are perpendicular to
the surface of silicate grains). Birefrigence ranges from about 0.01 to 0.015
and its value depends probably either on the various degree of crystallinity
or on the variaton of chemical composition.

Amorphous aluminum phosphate in the scanning microscope shows the
massive structure, best visible on the cleavage surface (Fig. 19). Such surfaces
are relatively flat, rough and matt. In pores, voids and on external surfaces
where minerals might crystallize freely, the botryoidal aggregates with smooth
surface formed due to dripping-water activity (Figs. 19 and 20). Locally
the irregular accumulates of rounded plates are discernible with use of



Fig. 18. Amorphous aluminum phosphate with agate-like structure
(A) — amorphous aluminum phosphate surrouding the fragment of the phosphatized volcanic rock
(R). Outer layer cementing individual grains consists of the brittle minyulite mass (M). Polished
section, reflected light image in the polarization microscope, magnification 65x

Photo A. Tatur



Fig. 19. Amorphous aluminium phosphate. Dripstone-type surfaces of precipitation.
Scanning electron microscope image, magnification 780x

Photo A. Tatur, A. Barczuk



Fig. 20. Amorphous aluminium phosphate. Boryoidal dripstone type surfaces of precipitation.
Scanning electron microscope image, magnification 2110x

Photo A. Tatur. A. Barczuk



Fig. 21. Variscite-like forms in amorphous aluminum phosphate
Rounded flakes are arranged in layers. Scanning electron microscope, magnification 4170x

Photo A. Tatur, A. Barczuk



Fig. 22. Amorphous aluminium phosphate. Open-work corrosion structure.
Scanning electron microscope image, magnification 3240x

Photo A. Tatur, A. Barczuk
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high magnification. Such accumulates may be on initial stage of variscite
crystallization (Fig. 21) and they tentatively are compared with the low-bire-
frigence phase visible under polarization microscope. Similar crystal habits
of variscite were found by Haseman et al. (1951).

The nature and chemical composition of amorphous to X-ray mineraloid
seems to be similar to the one described earlier as vashegyite (massive
amorphous vashegyite in paper by Koch and Sarudi 1963). However,
according to data given by Koch and Sarudi (1963), possibility of for-
mation of crystalline vashegyite from amorphous one, should also not to be
excluded. Crystalline vashegyite was described also in comparable conditions
in pardgenesis with taranakite on the shore of New Zealand Island (Ban-
nister and Hutchinson 1947).

In the sample from the profile 5, depth 90—95 cm, the distinct cor-
rosion forms were found as regular elongated depressions distributed paralelly
(Fig. 22).

The approximate formula of the studied aluminium phosphate AIPO, x
x5H,0 may be derived from the chemical analysis (Table II). Small
prevalence of Al over P is caused rather by some clay material that
contamined the sample during mechanic separation than by nature of this
compound.

High content of strontium is apparent among the subordinate elements
probably due to the selective absorption from the flowing groundwater.
This strontium is believed to be of ornithogenic origin (Sr content in
krill ash is 0.17 wt.9/, Tatur and Myrcha 1984) next released during
mineralization of the organic matter. The ability of the selective concentra-
tion of strontium is the feature of numerous phosphate minerals (Altschuler
1973, Frondel, Ito and Montgomery 1968). This phenomenon used to
be explained by the rules of isomorphic replacement of calcium and potassium
by strontium as in crandallite (Frondel 1958). However, in the studied
case, a different explanation should be proposed.

Very high hydratation of this mineraloid was also stated during performing
of chemical analysis. It is the highest in the studied phosphate group
and over two times higher than in crystalline variscite. Results of DTA
prove that dehydration starts clearly below 100°C but the stages of de-
hydration typical od crystalline phosphates were not observed (Fig. 7). Ma-
ximum of the dehydration endothermic reaction (165°C) occurs at lower
temperature than for taranakite and minyulite. The double exothermic
reaction at 520°C (smaller peak) to 550°C (greater peak) is similar to the
double peaks occurring at different temperatures for minyulite (430, 480°C)
and taranakite (590, 630°C). The difference between the two minerals and
the studied mineraloid is that the main peak here is associated with the
noticeable mass loss, what suggests the connection of this peak with co-
mbustion of organic matter. This phosphate bears more organic compounds
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than other phosphates, i.e., about 10 wt.%,. The absence of the other
exothermic reactions characteristic for overlying minyulite layer may prove
the distinct selection of organic compound sorption by various phosphate
minerals and/or mineraloids.

4.7. Taranakite

Taranakite was found in the deeper, always humid soil layers. It may
occur in paragenesis with other phosphates (Table III) as well as it may form
monomineral accumulations. Pure taranakite was found in the profile No. 6
(Tatur and Myrcha 1984) at the depth below 120 cm (Fig. 3). It looks
like white clay filling the interstices between boulders and smaller phos-
phatized rock fragments. Taranakite occurs in a layer below the ground
water level. Due to presence of taranakite in the bottom of the rocky
soils, its real distribution is difficult to evaluation.

In the microscope preparation made from the dry taranakite powder
immersed in Canada balsam the cryptocrystalline structure was revealed.
Individual, either very fine (average dia. about 0.02 mm) or sometimes
submicroscopic flaky crystals generally are sub-paralelly oriented. Locally
slightly undulated flakes reach 0.3 mm in length. They have light-greT
colour and birefrigence 0.01—0.013, whereas the surrounding fine-grain tarana-
kite mass is colourless and with low interference colours or it is almost completely
isotropic. These features probably are due to the very minute crystal size
of main taranakite mass. Refractive indices of this mineral measured in
the mass as average value of the various crystallographic directions, are
equal to about 1,50 what does not differ from the data presented by
Haseman et al. (1950 b). Other optic features of taranakite were not
measured because of too small crystal size.

In scanning electron microscope (SEM) taranakite was visible as compact
clay of generally parallel hexagonal plates of almost automorphic habit
(Figs. 23 and 24). Habit of hexagonal plates (Fig. 25) is typical of this
mineral (Haseman et al. 1950 a, b).

Taranakite was identified on the basis of the X — ray studies, since
the obtained X — ray powder pattern is in agreement with the pattern
of the natural standard mineral from the shore of New Zealand (Ban-
nister and Hutchinson 1947). In details the obtained data are very close
to the newer, more exact diffractograms (Murray and Dietrich 1956)
and synthetic (Haseman 1950 b) taranakites, both ammonium and potassium
varieties (Arlidge 1963).

Chemical analysis showed that taranakite from King George Island
has a little higher P:Al ration than the other natural taranakites (Ban-
nister and Hutchinson 1947, Murray and Dietrich 1956). This feature
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makes it similar to the standard synthetic taranakite (Haseman 1950 b).
For this reason, despite the numerous published crystallochemical formulae,
the formula proposed by Fisher (1973) is most appropriate for the studied
taranakite. Hence, the crystallochemical formula of this mineral from the Klng
George Island may be written as follows:
K, o(NH,),AH(PO,); x 18H,0 N
This formula includes neither elements present in the non-identified organic
compounds (C, H, N) nor some admixture of elements attributable to
clayey fraction (iron, insoluble part) and certain excess of water. Thus the
determined taranakite is, like the other natural ones (Bannister and
Hutchinson 1947, Murray and Dietrich 1956), an intermediate potas-
sium-ammonium variety. The isomorphic substitution of aluminum by iron
is insignificant or even absent, being in agreement with the Arlidge’s
(1963) conclusions.
Certain crystallochemical features of the studied taranakite were distinctly
_discernible in thermal analysis (Fig. 7). Three-stage mass loss at temperature
140, 160 and 180°C visible only on the DTG curve, and associated with
the weakly splitted (160 and 190°C) endothermic effect, corresponds to the
dehydration of taranakite and its alternation probably through the known

Table IV.

Comparison of X-ray powder pattern of vivianite from
King George Island with the data presented by Vasilev
et al. (1974)

Vivianite from King Data after Vasilev et al.

George Island (1974)
d/n A Intensivity ~ d/n A Tntensivity
) I/Io

8.00 w 8 27
6.80 VS 6.80 - 100
4.80 M 4.81 40
4.60 w 4.50 13
4.08 w 4.09 13
3.84 M 3.84 40
3.63 vw 3.65 5
3.34 vw 3.35 3
3.20 S 3.20 53
297 S 2.97 67
2.71 S 2.71 67 |

'2.52 M 2.52 33
2.43 M 2.42 40
VS — very strong'
S — strong .
M — middle
W, — weak

VW — very weak
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lower hydrate phases to the product amorphous to X — ray finally (Murray
and Dietrich 1956). The above-cited authors found on the basis of DTA
curve the two stage dehydration of natural taranakite from Pig Hole Cave,
and Arlidge (1963) also from the DTA concluded the one stage dehydration
of synthetic taranakite.

The mass loss at temperature from about 200°C to almost 400°C
distinctly visible on the DTG curve and corresponding to the weakly
recorded on the DTA curve endothermic reaction, most probably is con-
nected with the release and evaporation of ammonia. Arlidge (1963) has
gotten the similar effect on the DTG curve of synthetic ammonium ta-
ranakite.

Due to the absence of good data one may not elucidate unambiguously
the reason of the appearance of the splitted exothermic effect marked on
the DTA curve at temperatures 590 and 630°C. Exothermic reaction be-
tween 500 and 600°C, typical exclusively of the potassium taranakites
and not associated with any mass changes, after Arlidge (1963) is due
most probably to a recrystallization.

Thus, probably the respective exothermic reaction was recorded for the
studied taranakite at somewhat higher temperature, but the splitting of
peak is still an enigma. Endothermic reaction at 835°C is connected with
melting of the sample.

4.8. Vivianite

Vivianite was found in clay-underlying peat at the depth of 0,5—1,5m in
the marginal zone of the probable interaction of solutions flowing out
from the penguin rookery. Because in other places out of the penguin
vital activity area vivianite was not found it is very probably that this
mineral in the discussed location should be of ornithogenic genesis. It
occurs as unstable blue aggregates in gray clayey mass and frequently
it forms the thin layer covering pebble. From this layer the sample was
taken. Due to scarce amount of the collected material, the identification
was made by the X — ray method of Debye-Scherrer-Hull. The obtained
powder pattern is typical of the standard vivianite (Table IV). No admixture
of the other crystalline substances was found.

4.9. Krill

In the dried and ground krill the only mineral giving distinct X — ray
reflections in the background of amorphous organic matter is halite. Ha-
lite presence appears also unambiguously from chemical analysis and proves
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the high content of sea water in the food carried by penguins on the land. .
Trace amounts of halite also used to be detected in the surface layer
of the ornithogenic soils in the rookery area.

4.10. Mineral composition of the ornithogenic soils

In the studied ornithogenic soils the monomineral phosphate mass ac-
cumulates only locally. Usually in the fine grain of the soils there were
found two or three phosphates mixed with silicates and organic matter
(Table III). Minerals connected with the surface guano layer mix in low
degree with minerals occurring in the underlying zone of the phosphatized
rocks. However, in the zone of the phosphatized rocks almost all possible
combinations of minerals parageneses were found. In the studied samples
only simultaneous occurrence of minyulite and taranakite was not stated,
but it may be accidental due to small number of samples. One may not
conclude that those two minerals occur alternatively.

Despite the monotonous chemical composition of the phosphatized rock
zone (Tatur and Myrcha 1983), the mineral analysis explains the visually
recognizable differentiation of soils in the genetic levels.

The soft, light yellow mass of loamy aggregates in subsurface horizon
of the soil subsurface clayey soil mass occurring between rock rubble
bears usually leucophosphite as the prevailing mineral. !

Minyulite is commonly the main mineral of the deeper subsurface. layer,
consolidated and darker. Sometimes amorphous aluminum phosphate takes
place of minyulite, especially in the bottom part of this layer.

Amorphous aluminium phosphate or taranakite concentrate in the deepest
layer below the ground water level.

5. Discussion

The vertical sequence in the distribution of the phosphate minerals
occurs in guano and the underlaying silicate weathering crust phosphatized
by guano leachates. The sequence from the Earth’s surface downward is
as follows. Struvite occurs only on the soil surface, hydroxylapatite in
the whole surface guano layer, leucophosphite is typical of the most shallow,
subsurface zone of phosphatized rocks. Minyulite is commonly the prevailing
mineral in the deeper layer, where it may occur in paragenesis with amorp-
hous aluminium phosphate especially in the bottom part of this layer.
Domination of taranakite was found in the deepest levels. |

The distinguished sequence of phosphate minerals forms either as preci-
pitate from solutions or as the product of the metasomatic reactions between
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water solution and soild phase of soil. Differentation of the formed mi-
nerals and their vertical distribution have to be in a distinct connection
with chemical composition of water solutions percolating through soils.

Chemical composition of the nutrient-rich ornithogenic water, dynamically
self-altering during infiltration through the ornithogenic soils was analysed
in details in the paper by Tatur and Myrcha 1983 b). Table I presents
also the selected analyses from this paper in addition to the analyses of
waters characterizing the environment of origin of the studied phosphates.
Those data help to recognize the ranges of water metamorphosis already
after a few-matter percolation through the ornithogenic soil during several
days.

Waters running off from the penguin rookery on the soil surface are
alkaline or neutral with variable, frequently very high concentrations of mineral
phosphorus and nitrogen and with the distanct domination of ammonium over
nitrate form of nitrogen compounds. After percolation through soil the chemi-
cal composition is stabilized and reaction becomes acid (pH 4 or in-
significantly higher). Nitrate nitrogen dominates over ammonium form. The
above-described metamorphosis of chemical composition of waters occurs
due to volatilization to atmosphere, sorption, bounding in crystal structures
of phosphates and nitrification of the alkalizing ammonium. The number
of autotrophic nitrifying bacteria was increased from 80—100 cells per
1 g of the soil in organic surface horizons to 460—750 cells per 1g of
soil in lower horizons (Pietr in prep.). Also mineralization of organic matter
with secretion of oxalic acid supports the acid reaction of waters. Definitely,
the acid reaction of waters is stabilized as the result of their reaction
with phosphates present in the bottom of the ornithogenic soils.

Experimental data (Cole and Jackson 1950 b) suggest that paragenesis
of minyulite plus variscite during stabilization of the solubility equilibrium
constans by the buffering phase changes, causes the pH value of solution
equal about 4. Close to that pH value is typical of all analysed water
in the area under study if they percolated earlier through the phosphatized
weathering crusts (Tatur and Myrcha 1983 b).

The above disccused-variation of pH of solution infiltrating through
ornithogenic soils seems to be simpliest factor influencing the vertical changes
of mineral composition in the profile of the studied soils. It is commonly
known that hydroxylapatite, the main mineral of the analysed guano, may
form and exist only in alkaline or neutral environment, where it is also
the least soluble of the several calcium phosphates under neutral conditions,
but it becomes more soluble in acid solution (Brown 1973). Seemingly,
the decrease solely of pH value of guano leachates during percolation
through the soil in the presence of aluminium and iron ions, may cause
the supersaturation of solution with respect to phosphate ions and precipitation
of phosphates (Stumm and Morgan 1970). Leucophosphite occurring in
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the subsurface layers forms as precipitate from neutral or weakly acid
solutions (pH from 7 to 5), but taranakite, which occurs deeper, from
acid and strong acid solutions (pH from 5.3 to 1.7) (Haseman et al
1950 b). Positions of minyulite and amorphous aluminium phosphate in the
vertical soil profile suggest that those minerals originate from solutions of
the intermediate pH values. This genetic feature is not excluded in papers
discussing the origin conditions of those minerals, but such conclusion
is not evident (Haseman et al. 1950 b, Cole and Jackson 1950 b
Hsu 1982). The connection of genesis of the discussed mineral sequen
only with the changing pH without evaluation of the other mfluenc(i!e
however, would be a reckless and simplified supposition.

The laboratory studies and field examples result in conclusion that
the domination of aluminium-iron phosphates containing and am-
monium observed in the zone of the phosphatized silicate weathering crusts
is connected generally with the alkali excess in solutions and leucophosphite,
minyulite and taranakite are minerals that form initially under such conditions
(Altschuler 1973).

Preference of formation of the defined mineral form this group is in
some connection with pH of the parent solution (see above). However,
the exact conditions preferring origin minyulite than leucophosphite as
well as taranakite, are not known (Taylor, Gurney and Lindsay 1960).
At least in some range the pH values necessary for synthesis of those
minerals overlap one another. The occurrence of paragenesis of leucophosphite
plus taranakite without intermediate minyulite (Table III) was ascertained,
what would be rather improbable if the changing pH value is the only
factor controlling the origin of those minerals.

The collected petrographic material suggests that minyulite forms usually
hard coat overgrowing the weathering rock fragments, probably bounding
aluminium released from those fragments. Unlike leucophosphite and taranakite
which are clearly the products of precipitation from solutions, minyulite
forms almost in situ in the process of metasomatic phosphatization. Probably
the significant role is displayed by high concentration of ornithogenic salts,
occurring especially in the immediate neighbourhood of the penguin rookery,
where this largest accumulation of minyulite was found. It seems also
that - fluorine is especially important ornithogenic element, maybe even
conditioning the origin of minyulite. Fluorine is present in the structure
of this mineral, what was showed by Spencer et al. (1943) for na-
tural minyulite. The presence of fluorine is necessary also during syn-
thesis of this mineral (Haseman 1950 b). Content of 3,459 F in mi-
nyulite from the King George Island (Adelung, personal communication)
proves that minyulite is one from the most important minerals eliminating
fluorine from the biogeochemical cycle caused by the penguin vital activity.
The determined concentration of fluorine (0.82 atom per molecule) is even
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higher than in the described (Spencer 1943) minyulite from Australia
(0,5 atom per molecule). This amount approaches the fluorine content in
synthetic minyulite (Haseman 1950 b), equal 1,0 atom per molecule. The
latter author obtained it submitting very high fluorine concentration in
parent solution on the precipitate. Probably minyulite may form exclusively
around rookeries of birds feeding with food of high fluorine content.
Probably for this reason minyulite was not found around rookeries of
the fish-eating birds, presently most frequently studied, but is was
recognized near the rookery of the krill-eating penguins. Fluorine content
in krill is higher than average, and in fish it is much lower and equals
(Soszka et al. in prep.).

The common occurrence of the ammonium ion on the soil surface
may be the factor favourable for leucoposphite formation. In this mineral
the isomorphic replacement of potassium by ammonium seems to be common,
but in the deeper-seated minyulite, even if it occurs, it concerns very
small part of potassium.

Among the identified phosphates of the zone of phosphatized rocks,
only leucophosphite bears in its structure significant amount of trivalent iron.
The existence of trivalent iron is possible mostly in the periodically dried
and thus better oxygen-saturated surface soil layer. This is one more way
of explanation of more frequent occurrence of leucophosphite in the surface
layer. Continuous humidity of deeper levels plus presence of significant
amount of organic compounds coming from guano decomposition favours
the iron reduction to bivalent form, not bonded in the mineral structure
but easily washed out from soils and resulting this way in promotion
of the formation of aluminium phosphate instead of iron phosphate (Hsu
and Jackson 1960).

The last of the group of the discussed aluminium-iron phosphates bearing
potassium and ammonia — taranakite, forms as precipitate in the deepest
always humid soil layers, where solutions are most acid and most diluted.
Its occurrence seems to be typical of zones of stagnation of alkali-rich
ornithogenic waters. Significant dilution may be also important condition
of origin of this mineral as the above-discussed low pH value. Haseman
et al. (1950 b) also obtained the described synthetic tarankites from more
dilute solutions than leucophosphite and minyulite. However, those authors
in numerous experiments did not find the connection between salt concentra-
tion in solutions and phase composition of the forming precipitate.

Leucophosphite, minyulite and taranakite form in the presence of excess
alkali, but if solutions are poor in alkali or if aluminium and phosphate
ion activities are sufficiently high, one should expect the origin of simple
aluminium phosphates either precipitating immediately from solutions (Hsu
1982), or forming due to incongruent dissolving of minyulite (Cole and
Jackson 1950 b) or taranakite (Taylor and Gurney 1961).
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The paragenesis of amorphous aluminium phosphate plus minyulite in
the studied ornithogenic soils and it has been described in details (Tatur
and Myrcha 1983, profile No. 5). In the upper part of the phosphatized
rock zone (depth 15—70 cm) minyulite distinctly prevails. Presence of certain
small amount of amorphous aluminium phosphate seems to be suggested
by microscope observations. Thin laminae in minyulite encrustations may
be this mineraloid here, since they have distinctly higher refractive index.
Also mole ratios between potassium, aluminium and phosphorus (Tatur
and Myrcha 1983 a) would indicate the presence of up to 309, aluminium
phosphate, if minyulite occurring in the analysed samples occurs as pure
aluminium-potassium phosphate, without isomorphic replacement of potassium
by ammonium. Hitherto investigated minyulite specimens (Spencer et al. 1943,
Haseman et al. 1950 b) and that described in this paper are potassium
varieties exclusively. ’

In the deeper part of the profile, amorphous aluminium phosphate becomes
dominating phase. Its unambiguous identification was possible here due
to use of X-ray analysis. At the depth 70—90 cm in light-yellow porous
mass of minyulite, the hard grains of sandy and gravel fraction occur, formed
by dark brown hard coat of encrustations of amorphous aluminium phosphate
on phosphatized rock fragments. Those grains after selective dissolution
of minyulite by mobile ground water, form loose gravel in the bottom
of profile No. 5 (90—95 cm.)

It is difficult to conclude unambiguously if the desribed amorphous
alurhinium phosphate occurs due to immediate precipitation from solution
or as a product of alteration of the earlier formed minyulite. Overgrowing
surfaces observed inamorphous aluminium phosphate in the scanning microscope
(Figs. 19 and 20), also in the variscite-like variety (Fig. 21), which are
different than growth surfaces of minyulite (Figs. 13 and 14) suggest
at least in this case the possibility of immediate origin of this mineraloid
by this way that aluminium ions released from soild phase, precipitate from
soil solutions phosphate ions, always occurring in excess.

However, on the other hand, the contact between those phases observed
in thin sections (Fig. 18) suggest that amorphous aluminium phosphate
grows due to incongruent dissolution of very thin minyulite layers overgrowing
it. Such alterations might be caused by aluminium ion released from silicates
decomposing in the inner core of the grain. Also repeating wash-out of
soils by waters with high and next low total mineralization may cause such
alteration. Minyulite formation would occur during percolation of guano
leachates through soils after summer rainfalls, and incongruent dissolution
would develop in the rain-free periods when the rookery area is dry and
weakly mineralized waters are submitted by melting snow and soil permafrost
located below the rookery. Acceptance of the latter hypothesis would explain
also genesis of thin layers of amorphous aluminium phosphate observed
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inside minyulite shellings in the upper part of the phosphatized zones.
They may form during the periodic washing of minyulite by weakly mineralized
waters. Such observation confirms the anticipation of Taylor and Gurney
(1961).. Those authors thought that formation of thin layer of amorphous
aluminum phosphate on the surface of incongruently dissolving minyulite
significantly protects this mineral from the further alteration, what explains
the progressive delay of those dissolution.

It is possible that amorphous aluminum phosphate forms by several
different ways, depending on the locally and periodically changing physico-
chemical conditions. On the basis of Larsen’s experiment (after Palache,
Berman and Frondel 1951) made with variscite, the possibility of reverse
reaction should be also accepted i.e. the alteration of simple amorphous phospha-
te in the composite aluminium -potassium or aluminum-calcium phosphates.
Such reaction may occur due to high calcium and potassium concentration
in solutions.

Microscope observations show also that genesis of this mineraloid like
genesis of minyulite, generally is connected with metasomatic processes.
No need to suppose the ionic transport of aluminum in solutions for
explanation of its genesis. ‘

During the detailed investigations of thin sections in the polarized light,
amorphous aluminum phosphate appeared to be the optically nonhomo-
geneous phase. In the layered structure of this mineraloid, there occur la-
minae with distinct birefrigence. Especially frequently such laminae were
found on the phosphatized rock fragments. Optical features of this phase
exclude the common occurence in the neighbourhood of minyulite, but they
seem to indicate variscite. Also in the scanning microscope in some places
of amorphous aluminum phosphate one may observe the variscite-like struc-
tures. The above features suggest the possibility of variscite presence of
rather initial stage of its crystallization, since the X — ray analysis did not
reveal any trace of crystal phase. Absence of crystal phase in the X — ray
record may be caused both by poorly crystalline material and by small
amount of crystal phase in the studied sample (few percent only).

Relatively detailed analysis of formation conditions of variscite and
amorphous aluminum phosphate was performed by Hsu (1982). According
to data obtained by this author, variscite formation instead of amorphous
aluminum phosphate is promoted by pH decrease below the value 4. Product
of precipitation from solution at pH 3.3 (and sufficiently high concentration
of aluminum and phosphorus in solution) consisted of 209/ variscite and
809 amorphous aluminium phosphate after 45 months of aging, but at
pH 4 and higher, amorphous aluminum phosphate was obtained, initially
with mole ratio P/AI distinctly higher than one (1.23—1.35), and after
further aging for one year it altered in the phase with P/AL ratio
close to one (0.96—0.96). Amorphous aluminum phosphate with P/Al ratio
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0.91 found in the studied soils, seemingly represents the final phase after
selective removal of the phosphorus excess over. aluminum probably existing
in the fresh precipitate; such removal may be due to incongruent dissolution.
At pH 1.0, 2.6 and 2.9 variscite was finally obtained. ’

In the studied soils the promoting conditions for variscite formation
might appear in short periods when pH of ornithogenic waters supposedly
decreased below 4 (e.g. due to nitrification), and buffering phase reactions
did not elevate it to the final value 4 in this system (Cole and Jackson
1950 b).- Also it is possible that like in Hsu (1982) experiment also here
crystallization of variscite passed through an unidentified aluminum hydrogen
phosphate as intermediate compound.

Struvite position in the sequence describing the dependence of genesis
on the pH value only, also doesn’t seem to be sufficiently evident. Ex-
perimentally struvite has been obtained in large crystals by slow reaction
of magnesium sulfate solution with acid solution of ammonium phosphate
(Palache, Berman and Frondel 1951). In the studied area the highly
ammoniacal conditions necessary for origin of this mineral (Hutchinson
1950) occur only in alkaline surface waters.

It is commonly known that the factor conditioning the origin of struvite
is also magnesium presence in solutions (Hutchinson 1950). Magnesium
may come from the weathering underlying rocks, from sea water carried
on the land in aerosol by wind or transported by penguins with food.
Importance of the latter way was presented in the paper by Tatur and Myrcha
(1963). Sodium content in water is strongly correlated with the nutrient
amount and it is distinctly higher in waters flowing out of the rookery area
than in the surrounding area. This feature was confirmed by the X — ray
analysis (Fig. 6) and chemical determination (Table II) revealing the high
content of sea salt in the fresh krill eaten by penguins. It is possible that
specific chemical features of ornithogenic waters from which the studied
struvite crystallized, are the reason of characteristic crystal habit, different
than the described earlier (Palache, Berman and Frondel 1951).

Physico-chemical conditions necessary to formatjon of the unidentified
crystalline phase with strong reflection 8.9 A are also difficult for deduction.
This phase has been met mostly in paragenesis with leucophosphite, but
it may exist as well in guano with hydroxylapatite or in the phosphatized
silicate fragments in the taranakite clay. Thus it is phase with the widest
range of occurence and the weakest inclination for formation of monomineral
agglomeration. _

Vivianite problem should be discussed individually. Vivianite occurs out
of the zone of ornithogenic soils in continuously humid clay layer under
less than one meter thick peat layer. This level bears organic matter of distinctly
plant origin. Humus content is about 5 wt.%, and .C/N ratio is equal to about
12. The described location may be periodically under limited influence of
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ornithogenic waters which are the quite probably source of phosphorus for
widespread here vivianite. Vivianite occurs as variety of deep blue color,
characteristic for locations (also in our climatic zone) in the swamp areas
with limited oxygen amount.

In the mineral composition of the described. ornithogenic soils, the
phosphates geologically unstable are mostly present, especially in the Maritime
Antarctic Zone with its high annual rainfalls. The persistence of these
phosphates is due to the continuous manuring supporting the specific
physico-chemical conditions in the neighbourhood. Longer break in manuring
has to cause the trend, common in this zone to soil acidification. In
connection with washing of the soils by weakly mineralized atmospheric
waters, the above discussed factors should cause first the dissolution of
minerals occurring in guano: struvite and apatite (Hsu and Jackson 1980,
Van Wazer 1961). Also dissolution of potassium- and ammonium-bearing
aluminum-iron phosphates should be anticipated, which although are more
stable in acid medium (Hsu and Jackson 1960), become unstable in solution
poor in alkalis (i.e. weakly mineralized). Amorphous aluminum phosphate
would be most surely the product of their incongruent dissolution under
the studied conditions, if it has not enough time to dissolve (Fig. 22). In
this case, in the aging process this amorphous aluminum phosphate may only
recrystallize to variscite or eventually vasheqyite. Variscite which was pro-
bably found also in the studied samples, has higher stability in acid
soil media (Kittrick and Jackson 1955, Taylor and Gurney 1962,
Taylor 1963, Hsu 1982), but it also dissolves with the rate depending
on the pH value (Bache 1963). However, in the light of the experiments
performed by Hsu (1982), crystallization of amorphous aluminum phospha{e
in variscite does not seem likely, at least during one-year observation.

In the discussed ornithogenic soils the mineral system was observed
which is the result of unstable equilibria between opposed processes.
The first is the formation and maintaining of persistence of formed minerals
due to continuous manuring. The second is dissolving and incongruently
dissolving of this minerals when manuring is precluded. The manuring
intensity varying in time and variable atmospheric precipitation, both resulting
in periodically changing chemical composition of ornithogenic waters, determine
the commonly two- or three-phase phosphate composition in individual soil
samples.

Specific feature of the described minerals in comparison with the other
described in literature is the high content of organic carbon. Besides the
known tendency of phosphates to compound formation with simple organic
groups (Lewis Scharpf 1973), the presence of organic remains should be
also taken into account (Fig. 23, 24, 25 and 26). Forms presented in Fig. 23
are most common.



Fig. 23. Taranakite — structure of crystal aggregates
Unindentified organic form is visible in the center. Sceanning electron microscope image,
magnification 2390x

Photo A. Tatur, A. Barczuk



Fig. 24. Taranakite — structure of crystal aggregate
- In the upper part the unidentified spherical organic form is visible. Scanning electron microscop,
image, magnification 3980x

Photo A. Tatur, A. Barczuk



Fig. 25. Taranakite. Flaky structure of crystal aggregate, locally hexagonal habit is discernible.
Scanning electron microscope image, magnification 9610 x

Photo A. Tatur, A. Barczuk



Fig. 26. Numerous organic forms of spherical small and bacilliform (large) habit on the
cleavage surface of minyulite
Scanning electron microscope image, magnification 1200x

Photo A. Tatur, A. Barczuk
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6. Pe3rome

Wccnenosanns ObLIM NPOBE/ICHBI B pailoHe 3aauBa AIMHUPaITHl Ha ocTpoBe Kunr JDxopmk
(FOxHbie IlleTnaHasl) BO BpeMs aHTapKTHYECKOro JjeTa Ha mnepeiome 1979 wa 1980 rox.
B paboTe npoaHam30BaHbl MUHEPAJIbl, HAXOSLLKECS B I'YaHO KOJOHMU ITMHIBUHOB M B HHUXeJIE-
KALIMX KAMEHMCTBIX M TJIMHHUCTBIX MOPEHHBIX W JENIOBUABHBIX OTJIOKEHHAX, KOTOpbIe ObLIH
(bochaTu3upoBaHbl MPOMBIBAIOLIMME IYaHO PAaCTBOPaMU. MOpPEHBI U e TIoBHs ObLIH 06pa30BaHbI
B [POIIECCE BbIBETPMBAHUS OCHOBHBIX BYJIKAHHYECKHX MOPOJI, MPEXKAE BCEro aHIE3UTOB u Oa-
3a/16TOB., OopMHPYIOLIMX OCTPOB. Bblau nuccienoBaHbl 00pa3ibl XapaKTEPHBIE I PA3HOPOIHOIO
B MHHEPAJIOTHYECKOM CMBbICJIE pailoHa, cCOOpaHHbIE BO BPEMs MCCIECJOBAHHUHA OPHUTOIEHHBIX
nous (TaTyp u Mbipxa 1983). Mecta oT60pa 06pa3ioB 1 MUHEPAIOTMYECKUX MCCIIE0BAHHI
00o03Ha4YeHbl Ha pucyHkax |—4. Jlns onpejesieHus MHHEPAJOTHYECKOro coctaBa (GochaTHbIX:
nopo/1 ObLiIM BIMOJHEHBI pEHTreHOorpaduyeckue (puc. 6, Tabauna 1V), xumuyeckue (Tabauua II),
neTporpaduyeckue 1 MHUHEPAJIOTHYECKHE C HCMOJb30BAHUEM MOJISIPH3AIMOHHOTO M CKAHUPYIO-
LIETO 3JIEKTPOHHOTO MHKPOCKOMNOB (puc. 8—26) a Takxke TepmorpaBumerpuyeckue (puc. 7)
MCCIIE/IOBAHUS.

Bblin onpeaesieHs! ClAeAyroUIMe MUHEPAIbl: B TYaHO — CTPYBHT M TMIPOKCHJIANATUT, B doc-
(baTu3zupoBaHHOU 30HE — JeikopochuT, MuHUIOIUT, aMopduueckuit docdar amMoHus M Ha
HEKOTOPOM DPACCTOSIHUM OT OPHUTOTEHHBIX MOYB — BUBUAHMUT.

Pacnipesnesienue oxapakTtepu3oBaHHbIX (pochaToB B BepTHKanbHON KojoHke (Tabauua III)
SABJSACTCS PE3yjbTaTOM MeTaMopdo3a XHMHYECKOTO COCTaBa BOJA IPOMBIBAIOIIUX TIyaHO
¥ nocjie TOro GUIbTPYIOIKMXCS CKBO3b NOYBY. Bonbl, cTekaroume ¢ KOJOHMM NHHIBHHOB IO
MIOBEPXHOCTH 110YB, SIBJISFOTCS IIEJOYHBIMU MM HEHTPAJIbHBIMH M CONEPXKAT NMEPEMEHHBIE, YACTO
OYEHb BBICOKME KOHLEHTpPAllMM MHHEpPAJbHBIX coeauHeHHH Qocdopa m azora ¢ OTUETIMBLIM
[PEeBOCXOJCTBOM AMMOHHMEBOTO a30Ta Haj HUTpaTHbIM. [locie ¢uabTpalnuu CKBO3b MOYBY
XMMHUYECKUI cOCTaB BOJ CTAaOMIM3MPYeTCs M BOABI CTAaHOBATCA KHCabIMU (PH 4 uim Heckoabko
BbIILIE), @ HUTPAThl KOJIMYECTBEHHO MPEBOCXOASAT aMMOHMEBBIH HOH (Tabauua I).

CTpyBUT HAXOAMTCS MCKJIIOYMTEIbHO HAa MOBEPXHOCTU MOYB. DTOT MHHEPAJ KPUCTAJLIH-
3yeTcsi U3 MICJIOYHBIX BOA OOraTblXx aMMHAKOM M B HEKOTOPOH CTENEHH — MarHHUEM.

'uapokcunanaTHT HAXOAMTCS MOBCEMECTHO BO BCEM I[NOBEPXHOCTHOM CJIO€ TyaHO, I€ OH
SBJSETCS TJIABHBIM MMHEPAJIOM, BO3HHUKAIOIIMM M3 MHHEPAIU3YIOLIETOCs OPraHHYEeCKOro
BelecTBa (exannii NMMHTBUHOB, COJACPXKALIMX MOYTU HCKIIOUUTEIbHO Pa3ApOOJIEHHbIE OCTATKH
Kpuas. ’

JleiixoochuT HaxonUTCS B CAMOM HErjybOKOM ropuzoHTe HochaTHOH 30HBI, TOXOMSIILHM
/10 TIOBEPXHOCTH MOYB MM 3aJIETAIOIIMM M0/l TOHKUM CII0EM ryaHo. OH 06pa3syercs Kak ocajiok
13 HEUTPAIbHBIX U CJIA00KUCIIBLIX PACTBOPOB OOraThIx aMMOHMEBBIM HOHOM. BpemenHoe mpocy-
IIMBAHME U HACHILIEHHE KMCIOPOTOM 3TOTO CJOS CNOCOBCTBYET OKHMCieHHMIO keneza no Fet.
M CJIeI0BATEJbHO KPUCTAJIM3ALUN ITOTO MHUHEpaJa.

MuHUIOMT XapakTepeH aas Oojee riaybokoro ciosi, rjie OH 06pa3yeTc;l B IIpoLecce
MeTacOMaTHYECKHX peakluii Mex/y pacTBOPOM M CHiIMKaTHOW (a3oil mousbl. He uckiroueso,
4TO BaXHYIO POJIb B OOPA30BAHMM HTOTO MHUHEpAJa WIPAIOT BHICOKHE KOHIEHTPAIMM IUTA-
TEJILHOTO BEWIECTBA U (TOPa B OPHUTOIEHHBIX BOJAX.

TapanakuT xapakTepeH /Ul CaMbIX IIy6OKHX, BCET/Ia HACHIIEHHBIX BOMOH coeB. OH BO3HH-
KaeT MyTEM OCAXJEHHMS M3 KHUCJIBIX M OYeHb Pa30aBJICHHBIX PACTBOPOB.

JleiikopochuT, MUHUIONUT U TAPAHAKUT BO3HHUKAIOT M SBJSAIOTCA CTAOM/IBHBIMU B NPUCYT-



94 "A. Tatur and A. Barczuk

CTBMM DACTBOPOB C BBICOKOHM KOHLEHTpamueil mienoueii. Korma Bomsi bunbTpHpyOIIME uYepe3
NOYBY COJAEPXKAT Majo IIEJOYEH M BPEMEHHO NajaeT oOLias KOHUECHTPALHMs PaCTBOPEHHBIX
HOHOB (HampuMep BO BpeMsi OOMJIbHBIX OCAJKOB WJIM TasHUS CHETOB M JbJa), oOpasyercs
npoctoii amopdHsiii dpochat amomuHus. OH MOXET BO3HHKATh KaK MPOMYKT HENOCPEACTBEH-
HBIX METACOMATHYECKMX DPeaklui pacTBopa c TBEPAOH (asoit mwium nyTéM HHKOHIPYIHTHOTO
PacTBOPEHMs MHHEPAJIOB, COJACpXAlIMX Kanuid. Bosiee kucible yCnOBHS, NMEPUOJMYECKH CyILie-
CTBYIOLLME B PacTBOpPAax, MOTYT ObITh NPUYMHON KPHCTAIM3ALMHE 3aMEYCHHBIX B CKOTLJICHHSIX
amopdHoro docdara amOMHHHHSA MaibIX KOJUYECTB (HOPM, MOXOXKHMX HA BAPHCUMT.

7. Streszczenie

Badania przeprowadzono w rejonie Zatoki Admiralicji na Wyspie Krola Jerzego (Szetlandy
Potudniowe), podczas lata antarktycznego na przelomie lat 1979/1980. W pracy analizowano
mineraly wystgpujace w guanie pingwinisk, oraz podlegtych sfosfatyzowanych przez roztwory
phluczace guano, kamienistych i gliniastych utworach morenowych i deluwialnych, pochodzacych
z wietrzenia zasadowych skal wulkanicznych (glownie andezyty i bazalty) budujacych te
wyspe. Badano probki ktore wytypowane zostaly jako charakterystyczne dla zroznicowania
mineralogicznego, podczas badan gleb ornitogennych na tym terenie (Tatur and Myrcha
1983). Miejsca pobrania probek zaznaczone sa na rysunkach 1—4. W celu identyfikacji
mineralogicznej, wykonano analizy rentgenograficzne (rys. 6, tabela 1V), skladu chemicznego
(tabela II), przedstawiono w tekscie dane dotyczace cech optycznych oznaczonych w mikro-
skopie polaryzacyjnym, dokonano obserwacji w mikroskopie scanningowym (rys. 8—26) dla
wybranych probek, przedstawiono réwniez wyniki analizy termograwimetrycznej (rys. 7).

W guanie znaleziono struwit, hydroksylapatyt, w strefie sfosfatyzowanej: leukofosfit, mi-
nyulit, amorficzny fosforan glinu taranakit, oraz w pewnym oddaleniu od gleb ornitogennych — wi-
wianit.

Rozmieszczenie opisanych fosforanéw w profilu pionowym (tabela III) wynika z meta-
morfozy skladu chemicznego wod przemywajacych guano i przesigkajacych przez te gleby.
Wody sptywajace z pingwiniska po powierzchni gleb sa alkaliczne lub obojetne, charakteryzuja
si¢ zmiennymi, czgsto bardzo wysokimi koncentracjami mineralnych form fosforu i azotu,
ze zdecydowana dominacja formy amonowej nad azotanowa. Po perkolacji przez glebe, sklad
chemiczny ulega stabilizacji, a odczyn staje si¢ kwasny (pH 4 lub nieco wyzsze). Wsrod
mineralnych form azotu, azotany przewazaja nad forma amonowa (tabela I).

Struwit obecny jest wylacznie na powierzchni gleb; krystalizuje z wod alkalicznych bo-
gatych w amoniak i wzbogaconych w magnez.

Hydroksylapatyt powszechny jest w calej warstwie powierzchniowej guana, gdzw jest
glownym mineralem powstajacym z mineralizujacej si¢ materii organicznej fekaliow pingwinich
skladajacych si¢ niemal wylacznie z rozdrobnionych resztek kryla.

Leukofosfit wystgpuje w najplytszym horyzoncie strefy sfosfatyzowanej, dochodzacym do
powierzchni gleb, lub zalegajacym tuz pod cienka warstwa guana. Powstaje on jako precypitat
z roztworé6w obojetnych i slabo kwasnych, zasobnych jeszcze w jon amonowy. Okresowe
przesuszanie i natlenienie tej warstwy sprzyja obecno$ci Felll, wystepujacego w strukturze
krystalicznej tego mineratu.

Minyulit charakterystyczny jest dla warstwy glgbszej, gdzie powstaje jako produkt me-
tasomatycznych reakcji migdzy roztworami a faza krzemianowa gleby. Niewykluczone, ze
istotna role w powstaniu tego mineralu odgrywa odpowiednio wysokie stgzenie nutrientow,
oraz fluoru w ornitogennych wodach.

Taranakit jest charakterystyczny dla najglebszych, zawsze mokrych pozioméw. Powstaje
on jako precypitat z roztworéw kwasnych i najbardziej rozcieniczonych.

Leukofositt, minyulit i taranakit powstaja i sa trwale w obecno$ci roztworé6w o wysokiej
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koncentracji alkaliow, natomiast gdy wody przesigkajace przez gleb¢ zawieraja niska kon-
centracj¢ alkaliow, lub sa okresowe stabo zmineralizowane (np. wody opadowe i roztopowe)
tworzy si¢ prosty amorficzny fosforan glinu. Moze on powstawa¢ jako produkt bezposrednich
metasomatycznych reakcji miedzy roztworem a faza stala, a moze tez by¢ produktem
inkongruentnego rozpuszczania mineralow zawierajacych potas. Okresowe panujace w roztworach
warunki bardziej kwasne, moga byé przyczyna obserwowanych w obrebie amorficznego
fosforanu glinu, niewielkich iloéci form krystalicznych waryscyto-podobnych.
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