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Abstract— A deposit of kaolin clay, the site of the General Zaragosa Mine, located about 50 km
northwest of San Luis Potosi, S. L. P., Mexico, has produced more than 250,000 tons of refractory
clay by room and pillar mining methods during the last 32 years. The clay was formed by hydro-
thermal argillation of part of a fault block of rhyolite flow-breccia and probably welded tuff, presumably
lower Tertiary in age. A silica-rich gossan now exposed at the surface caps the clay deposit.

Samples collected sequentially from the fresh rock to the most highly altered kaolin and studied
by optical, X-ray, DTA, and chemical methods, show progressively:

(a) Bleaching of the breccia matrix accompanied by mobilization of much of the iron, which was
concentrated locally as spots of reddish oxide in the least altered areas.

(b) Mobilization, and removal of considerable alkali and alkaline earth metals, in excess of that
required to form montmorillonite; mobilization of silica, which was redeposited as fine anhedral
quartz crystals disseminated within the montmorillonite and associated kaolinite-halloysite, or de-
veloped tripolitic, argillized rock peripheral to the clay ore body.

(¢) Further desilication of the silica and clay yielding relatively pure. but poorly ordered. kaolinite-
halloysite as the most intense end product of argillation. Much silica removed during intense argilla-
tion was reprecipitated as tripolitic clay, as minor cristobalite in microscopic globules and massive
aggregates characteristic of colloform opal. and in vastly larger amounts as opal and chalcedony

replacing the rock overlying the clay (forming a silica gossan).
(d) Minor amounts of alunite are present at two places in the deposit, which are interpreted
tentatively as being the most probable loci of rising solutions.

INTRODUCTION

A HUGE deposit of hydrothermally argillized,
refractory kaolinitic clay, commonly known as the
General Morelos Zaragosa or the Arenal clay
mine is located in the state of San Luis Potosi,
Mexico, 4 km west of the 47 km post of the paved
highway running north from San Luis Potosi to
Zacatecas, Zac. The deposit has been worked
since 1934, first by Sr. Ismael Gonzalez and
subsequently by the late General Roberto Morelos
Zaragosa, and has produced more than 250,000
tons of highly refractory clay (PCE 34-35). The
clay is presently being trucked to the calcining
plant of Refractarios A. P. Green, S. A., at San
Luis Potosi, and thence to their manufacturing
plants in Mexico City, and Monterrey, N. L.

GENERAL GEOLOGY

The clay deposit has been developed for about
250 m along the lower zones of a roughly rect-
angular, N-S trending, faulted block of rhyolite
flow-breccia and probably welded tuff, approxi-
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mately 4-5km long and less than 1km wide,
Fig. 1. This volcanic parent rock, thought to be
lower Tertiary in age, overlies shales tentatively
assigned to the Jurassic. The clay deposit is stream-
eroded along the east and south, and cut by high-
angle faults along the west and north. Argiliation
occurred along a N-S elongate tabular zone, the
base of which dips about 4° approximately N60°W.
The size and general shape of the deposit is
shown in a schematic mine map, Fig. 2. Mine
openings and rooms, driven in from the hillside,
are typically 6-8 m wide and 6 m high, leaving
pillars 8x8Xx6m, Fig. 3. Argillation typically
diminishes gradually downward, upward, and
laterally (except where cut by faults). Clay gener-
ally grades laterally into less-leached parent rock,
but upward continuously into secondarily silicified
country rock, a silica gossan. This secondary silica
was derived from the clay zone below while the
parent rock was desilicated during argillation. Silica
gossans are charactertstic of hydrothermal clay
deposits in Mexico, and may be used as a guide to
ore in clay prospecting (Hanson and Keller, 1966).
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Fig. 2. Schematic map of General Zaragosa clay mine.

SEQUENTIAL ARGILLATION

The hydrothermally argillized zone was syste-
matically sampled by collecting 20 specimens
selected sequentially from fresh rock to high-
quality clay, and from the silica gossan above the
clay.

Parent fresh rock

The fresh rock is typically light pinkish gray,
fine-textured, porphyritic rhyolite. It is porcel-
ainous to stony in luster suggesting that the rock
may have been slightly altered, but no more so than
many felsitic rocks ordinarily accepted as being
fresh. Phenocrysts are fresh glassy sanidine and
quartz up to 1 X 2 mm in cross section.

From thin-section traverses, the content of
phenocrysts ranges from 15 to 32 per cent with a
mean of 24 per cent. Sanidine predominates in the
blocky phenocrysts whereas quartz is more abun-
dant in finer, commonly triangular slivers ranging
in size down to 40X 125 w. About 5-10 per cent
of the “phenocrysts” are micro-brecciated sub-
angular rock fragments composed of sericitized
microcrystalline feldspar and quartz. Swirls and
parallel micro-laminae of devitrified, tightly com-
pacted shards indicate some of the rock is probably
welded crystal tuff. Other specimens show typical
rhyolite flow structure, including tiny elongate
vesicles lined with tridymite (identified by X-ray

diffraction of the pulverized rock). Minor kaolin-
group mineral is recorded also in the diffractogram
and confirmed by differential thermal analysis
of the tuffaceous rock, although this was not re-
cognized optically in the thin section.

Minor reddish pigmentation comes from tiny
roundish to roughly hexagonal spots irregularly
disseminated through the ground mass and along
some feldspar cleavages.

A chemical analysis of the porcelainous rock
specimen, “a” of Table 1, shows a lower alkali
metal content and higher loss on ignition than an
“average’ (Daly, 1933) rhyolite composition. It
is not inconsistent, however, with the composition
of a slighly hydrated tuff that contains minor
kaolin (recorded in the X-ray diffractogram).
Intermediate alteration zone products

Intermediate alteration between parent rock
and end-product clay was studied in twelve samples
selected from various transitional zones on out-
crops and in the mine. Two of these were analyzed
chemically, “b” and ‘¢ in Table 1. Changes
observed in the samples due to alteration may be
summarized as: (1) mobilization (f.e. movement),
segregation, and oxidation of iron, (2) montmoril-
lonitization, (3) kaolinization, loss of alkali and
alkaline earth metals, and extensive mobile re-
distribution of silica. Probably all three processes
operated simultaneously, but the reactions ap-
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Fig. 1. Looking west at 250-m long open face of General Zaragosa clay mine in San Luis Potosi,
Mexico.

Fig. 3. Looking north along face of entries into clay deposit.

[Facing page 224]
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Fig. 4. Photomicrograph of iron oxide mobilized in early-stage alteration and
redeposited in single and coalesced spheres.

Fig. 5. Photomicrograph of line of iron oxide spots at the advancing front
of alteration in the rhyolite.
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Fig. 6. Photomicrograph of fine-grained. birefringent, light-colored quartz grains dis-
seminated in dark, Jow-birefringent clay.
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Fig. 7. Electronmicrograph of General Zaragosa clay. Note that both plate and scroll morphologies
are present. Microscopy by Mr. Raymond Buck, Electron Microscope Laboratory, University of
Missouri.

Fig. 10. Photomicrograph of alunite, light birefringent areas, in association
with kaolin, dark areas. Crossed polars.
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Table 1. Chemical analyses

“a” “p” “ett “dn
(%) (%) (%) (%)
H,0, 105°C 0-59 3-08 0-18 0-38
On dry basis
Si0, 7366  70-78  73:27  45-43
AL O, 16-85 1583 17-04 3978
Fe, 0, 0-92 2-29 1-53 0-09
FeO 0-12 0-06 0-10  none
TiO 0-06 0-06 0-35 none
CaO 0-21 0-18 0-25 0-20
MgO 0-11 0-18 0-11 0-13
Na,O 0-86 0-25 0-77 0-25
K,O 215 0-74 0-13 0-05
MnO, none none none  none
SO, 0-05 0-07 0-07 0-02
P,O, 0-03 0-08 0-13 0-03
Lossonig 4-98 9-48 6-25  14-02
Analyses by Bruce Williams Laboratories.

Joplin, Missouri. Cost of analyses defrayed by
Research Council Grant, University of Missouri.

proached completion in the order given (iron first).

Hand specimens and thin sections show bleach-
ing of the rock which apparently was accompanied
by concentration of the iron into bands or zones
or red-purple iron oxide -1 cm wide. In micro-
scale, i.e. in thin section, the iron oxide was
concentrated in tiny blebs or spheres which are
grouped irregularly, Fig. 4. or as a wave front at
the contact surface between “rock and clay,”
Fig. 5. This behavior of iron appears to be typical
of early-stage hydrothermal argillation. It has been
documented from occurrences at another large
hydrothermal clay deposit at Guanajuato (Hanson
and Keller, 1966), and at a kaolinized dike in
Makhtesh Ramon in Israel, (Bentor, Field Trip,
Int. Conf. Clay Mins., 1966), and has been used
successfully in other field appraisals of hydro-
thermal argillation.

Clay-rich portions of thin sections of these rocks
may show highly birefringent “needles” in moderate
abundance within a clouded, dark, low-birefringent
ground mass. Although the birefringent mineral
resembles sericite optically, X-ray diffraction
shows it to be montmorilionite or mixed-layer
montmorillonite. Upon glycolation, various samples
of the material yield strong 17 A peaks, some of
which are broadened by mixed layering, but
scarcely any 10 A response. X-ray shows that the
microscopically unidentifiable dark ground mass
contains quartz, estimated at 20 per cent content
by subtracting 50 per cent, the approximate silica

content of montmorillonite, from 70 per cent, the
total silicain “‘b”, Table 1.

Other samples, illustrated by analysis “‘c”, and
thin sections show kaolinization, which presum-
ably is a later and more intense stage of argillation
than is montmorillonitization. The kaolinitic
material is white, tripolitic, porous, and relatively
low density. Kaolin is the dominant mineral in
it, but this clay is accompanied by conspicuous
(in thin section) irregular grains of chert-like
quartz, Fig. 6.

In analysis “‘c”, the presence of quartz is indi-
cated by high total silica, 73-3 per cent, which is
essentially the same as that in counterparts of
fresh rock, 73-7 per cent and montmorillonitized
material, 70-8 per cent. Although kaolin is de-
silicated relative to the antecedent rock, the silica
has remained as quartz. The geochemistry of this
association will be discussed later.

End-product kaolinite-halloysite zone

The end product of the hydrothermal alteration
is a white, relatively pure kaolin composed of
plates of poorly ordered kaolinite(?) and scrolls of
halloysite (?), Figs. 7-9, and analysis “d”’, Table 1.
Estimates from numerous electron-micrograph
fields indicate that plates slightly exceed scrolls in
amount. Interrelationships between morphology
and nomenclature of the kaolin minerals are being
reexamined (Brindley and de Souza Santos,
1966; Chukhrov and Zvyagin, 1966). The kaolin
is uniformly very fine-grained, randomly oriented
in this section, appearing much like flint clay. The
kaolin occurs in the mine commonly as massive
layers, separated by partings inherited from
between flows. Some layers contain small lenses
or bodies of kaolin which preserves relic structure
of the brecciated rhyolite.

Cristobalite

In the extreme northwestern corner of the de-
posit, and in the La Candelaria portion of the
southeast, both parts being peripheral to the deposit,
cristobalite is developed in (and from?) micro-
globules of opal and coalesced globular aggregates
of opal. Apparently the opal, which replaced clay
(?) and rock, andfilled voids, subsequently inverted,
at least in part, to cristobalite. The occurrence of
cristobalite with its precursor opal in the less-
altered border zones of the deposit suggests a
variation in intensity of activity: (1) low enough in
vigor and temperature for opal to be deposited,
but (2) interspersed with higher intensity to minera-
lize the opal to cristobalite.

Cristobalite has been observed in the “boiling
mud” within the orifice of an active hot spring
north of Ciudad Hidalgo, Michoacan, on the Mexi-
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Fig. 8. X-ray diffractogram of first-quality, mixed kaolinite-halloysite from General Zaragosa mine.

San Luis Potosi, Mexico

Fig. 9. Differential thermalgram of first-quality. mixed
kaolinite-halloysite from General Zaragosa mine.

can volcanic axis, some 280 km south of San Luis
Potosi.

Alunite

Small amounts of alunite, which may be almost
indistinguishable to the unaided eye are mixed
here and there with the kaolin in the San Luis
deposit. Clay miners detect a “powdery”. slightly
harsher, feel from alunitic clay than from pure
kaolinite. In the northern part of the deposit, as
shown on the mine map, alunite may comprise
from 5 to 50 per cent of the clay. It is micro-
crystalline in texture and intimately associated
with kaolin, Fig. 10. Presumably the alunite was
developed simultaneously with kaclinization by
action of acid sulphate-rich hydrothermal solutions.
Elsewhere in Mexico, alunite has been observed
to be the dominant mineral, with kaolinite minor
in quantity, in hydrothermally altered deposits
(Knizek and Fetter, 1946). Alunitization of kaolin
may develop as well, however, from cold, surface-
water reaction of kaolin with iron-sulphide derived
H,SO; (Keller, Gentile, and Reesman, 1967).

Silicified cover rock— gossan

Intense silicification of the overlying flow breccia,
presumably a part of the parent-rock series, has
converted it into a pastel-colored, fine-textured,
smooth, opalescent and chalcedonic silica rock
commonly retaining partly corroded, relic breccia
fragments. Other less-silicified parts of the cover-
ing rock show abundant small leached pore,
oxidized iron minerals, and some Kkaolinite (in
both DTA and diffraction pattern). Breccia frag-
ments are in strong color contrast to one another
and the matrix due to differential bleaching and
oxidation. Tuff fragments retain laminar shard
structure that has been blurred during replacement
(mainly by opal). Cavities and interstices contain
microcrystalline, and commonly undulatory and
probably chalcedonic, quartz clusters. The silicified
“gossan’ extends as far as 5 m above the top of the
clay body.

FACTORS OF ORIGIN

The basic geochemical controls of the argillic
alteration, including zoning sequence, presumably
are the ratio of H* to alkali and alkaline earth ions
related to silica in the altering solution (Hemley
and Jones, 1964; Garrels and Christ, 1965), and
to the compositions of the parent rock and daughter
mineral products (Keller, Kiersch, and Howell,
1955; Keller, 1956). Although no direct chemical
measurements of the geologic solutions are avail-
able, indirectly the abundance of opal and cherty
silica in the clay and gossan indicates high H,SiO,
in solution which, in turn requires a low K*/H*
ratio to produce kaolinite (in accord with stability
diagrams of the system K,0-Al,0;-Si0,-H,0.
Garrels and Christ, 1965, and at higher tempera-
tures, Fournier, 1967). The presence of alunite in
two locations in the clay suggests that sulphide
waters rose here and oxidized to acid sulphate
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waters, presumably from surface contribution of
oxygen.

One aspect of special mineralogical interest is
the abundance of fine, cherty quartz and opal
scattered through the kaolin in the tripolitic clay
zone. Whereas kaolinization of rhyolite represents
desilication, the deposition of secondary free silica
within the kaolin obviously represents addition of
silica. A probable explanation of the opposing
reactions involves the differences between solu-
bility of silica from silicate rocks and that of quartz,
and the pronounced effect of temperature on silica
solubility.

Silicate rocks, such as rhyolite and volcanic ash,
when pulverized in distilled water at room tempera-
ture yielded 19-32 ppm dissolved silica (Keller
and Reesman, 1963). The solubility of quartz
under the same conditions was less than half the
32 ppm (Krauskopf, 1959). Alternately silicate
could dissolve and silica precipitate. This effect
could well be implemented by the temperature
fluctuation of a hot spring area in Mexico due to
seasonal variation in rainfall. During the drier
parts of the year in Mexico the hot spring and sur-
roundings may become hotter than when flushed
with an excess of cool rain water. Under these
hotter conditions hydrolysis would be accelerated
by the higher temperature and concentrations of
dissolved silica would increase greatly, as at
Wairakei, New Zealand (Ellis and Mahon, 1967),
and might well approach 300 ppm as found in hot
springs elsewhere by White et al. (1957). During a
rainy period, the influx of much more cool meteoric
water in the relatively permeable flow breccia and
tuff may cool the system enough to exceed satura-
tion with silica, and either opal or fine quartz be
deposited. Or, opal may have been deposited and
then inverted to cherty type quartz.

The mineralogical data from the argillized sam-
ples at the San Luis deposit may be organized into
a pattern of zoning, Table 2. Although such tabula-
tion sets up arbitrary mineral categories, the actual

process is interpreted as being a continuous one
resulting from a single hydrothermal episode. The
most intense reaction, due to presumably hottest
and most acid water, occurred at the alunite-
producing source areas. As the water moved out-
ward and upward it declined in temperature and
acidity as it reacted with the rocks. Simultaneously,
with the loss of H* ions during kaolinization of the
rock the water picked up alkali and alkaline earth
ions and silica. As the [M*]/[H*] ratio and the
concentration of dissolved silica thereby increased,
montmorillonite was produced. Dissolved silica
was precipitated in part with the clay, due to
temperature drop, but most of the silica moved
upward to replace and silicify the surficial rock —
this was the most feeble of the geochemical and
thermal reactions.

The fault on the west, a normal fault of approxi-
mately 50 m displacement, is post-kaolinite and
definitely was not a source channel for the kaolin-
izing solutions. Some oxidized montmorillonite
has formed in the fault zone, presumably by the
action of descending surface water.
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Résumé — Un dépot d’argile kaolinique, a la mine générale de Saragosse, qui est située & environ
50 km au nord-ouest de San Luis Potosi, S.L.P.. au Mexique, a fourni plus de 250,000 tonnes d’argile
réfractaire par des méthodes de mines souterraines au cours des 32 années passées. L’argile s’est
formée par argilation hydrothermique d’une partie d’un block a faille de breéche fluidale de rhyolite
et peut-étre de tuf soudé, datant probablement du tertiaire inférieur. Un gossan riche en silice et main-
tenant exposé a la surface recouvre le dépét argileux.

Des prélévements tirés successivement de la roche fraiche jusqu’a la kaolinite la plus altérée et
étudiés par divers moyens optiques, a rayon X, DTA, et chimiques, montrent progressivement:

(a) Une décoloration de la matrice de bréche qui s’accompagne d’une mobilisation d’une grande
partie de fer, concentré localement en taches d’oxyde rougeatre dans les parties les moins altérées.

(b) La mobilisation, et I’élimination d’une quantité considérable de métaux terrestres alkalis et
alkalins, au-dela de ce qui est nécessaire a la formation de montmorillonite; la mobilisation de la silice,
redéposée sous forme de cristaux de quartz anhédrique fins, disséminés a I'intérieur de la montmoril-
lonite et de la kaolinite halloysite alliée, ou qui s’était formée en roche argilifére tripolitique a la
périphérie du corps de minerai d’argile.

(c) Une désilication plus poussée de la silice et une argile donnant une kaolinite-halloysite rela-

. tivement pure mais désordonnée comme produit final le plus intense d’argilation. Une grande partie
de la silice éliminée au cours de I'argilation intensive a été reprécipitée sous forme d’argile tripolitique,
de cristobalite secondaire en globules microscopiques ou en agregates massifs caractéristiques de 'opale
colloforme, mais pour la plus grande partie sous forme d’opale et de chalcédoine en remplacement de
la roche qui recouvrait I’argile (pour former un gossan de silice).

(d) On trouve de petites quantités d’alunite dans deux parties du dépot, que I'on présume étre
les lieux les plus probables des solutions montantes.

Kurzreferat— Aus einer Lagerstitte von Kaolinton, im Bereich des General Zaragosa Bergwerkes
ca. 50 km nordwestlich von San Luis Potosi S.L.P. Mexiko, sind im Laufe der letzten 32 Jahre durch
Sdulenabbaumethoden iiber 250,000 Tonnen Schamotteton gefordet worden. Der Ton ist durch
hydrothermische Argillierung eines Teils eines Schollenbruchs von Rhyolith Fliessbrekzien und ver-
mutlich geschmolzenem Tuff, wahrscheinlich aus dem unteren Tertidr stammend, gebildet worden.
Ein silikatreicher, eisenschiissiger ockerhalitger Gossan, der jetzt an der Oberfliche freiliegt, deckt
die Lagerstiitte.

Proben, die fortlaufend aus dem frischen Gestein bis zum am meisten verinderten Kaolin ent-
nommen und durch optische, Rontgen, DTA und chemische Methoden untersucht wurden, zeigen
der Reihe nach:

(a) Ausbleichung der Brekzienmatriz mit gleichzeitiger Beweglichmachung eines Grossteils des
Eisens, das Ortlich in der Form von roten Oxydfiecken in den am wenigsten veridnderten Gebieten
konzentriert war.

(b) Beweglichmachung und Entfernung betréachtlicher Mengen von Alkali- und Erdalkalimetallen,
und zwar iiber den fiir die Bildung von Montmorillonit erforderlichen Bedart hinaus; Beweglichma-
chung der Kieselsiure, die in Form feiner, allotriomorpher Quarzkristalle innerhalb des Montmoril-
lonits und assoziierten Kaolinit-Halloysits eingesprengt abgelagert wurde, oder polierschiefriges,
argillisiertes Gestein am Umfang des Tonminerals entwickelte.

(¢) Weitere Entsilikatisierung der Kieselsidure und des Tones unter Bildung von verhiltnismissig
reinem, jedoch wenig geordnetem Kaolinit-Halloysit als ausgepriigtestes Endprodukt der Argillisie-
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rung. Eine grosse Menge von Kieselsdure, die wiahrend der intensiven Argillisierung entfernt worden
war, wurde zu einem geringen Teil als Cristobalit in mikroskopischen Tropfchen und massiven fiir col-
loformen Opal charakteristischen Aggregaten, und in bedeutend grisseren Mengen als Opal und Chal-
cedon niedergeschlagen. Die letzteren Minerale ersetzen das den Ton bedeckende Gestein
(etsenschiissiger. ockerhaltiger Gossan).

(d) Geringe Mengen von Alaunstein sind an zwei Stellen der Lagerstitte vorhanden, die vorliufig
als die wahrscheinlichsten Ortlichkeiten steigender Losunger angesehen werden.

Pe3tome —3asiexku KAOJMHHUTOBOH I/IHHbI—MECTONONOKEHHE waxThl “I'eHepan 3aparosa’—HaxoA-
ntes npubn. B 50 kM Ha cesepo-3anan ot Can-Jlync-ITotocn, Mekchka,—aand 3a mocieanue 32
rona ao6blay csbime 250 000 TOHH OrHeynopos, nMpH paboTax MO METOAaM KaMEpHO-CTONOOBOIM
BuieMkH. ['nuHa oOpasoBanack THAPOTEPMAasibHON aprujmsaumeil 4acty cOpoOCOBOro ILelIHMKa
PHOJIMTOBOW OPEKYHHM M BO3MOXKHO TAKXKE CTINaBjIeHHOTO Tydha, NOBHANMOMY PaHHErO IPETHYHOIO
nepyoaa. OKpallleHHbIE OKMC/IOM JKEe3a BbIXOIbl XHJI, C KPYINHBIM CONEpXaHHEM KpeMHe3ema,
OOHaXEHHbIE TENEPh HA IOBEPXHOCTH, MOKPHIBAECT OT/IOKEHHE TJTHHbI.

INocnenoeaTeabLHo OTOOpaHHbIe 06pa3ubl OT CBEXEOTONTOM MOPOabl 10 HaubOIee H3MEHEHHOTO
KaoNWHA M HCCeOOBaHWble ONTHYeCKH, peHTreHorpadmuecku, DTA M XUMHYECKHM METOIOM,
MOKa3bIBAIOT IPOTPECCUBHO!

(a) obecuseurBanue XHIbHON MOPOabl, OpeKYHH ¢ ComyTCTByloLIel MoOunn3annei 60ab10TO
KONMYECTBA KeJle3a, KOTOPOe COCPeI0TOUMBANOCh MECTHO B BU/IE NMATEH KPACHOH OKMCH B HaMMeHee
U3MEHEHHOM YYacTKE;

(6) MOOMTM3ALHMIO M YNANCHHE 3HAYMTENBHOIO KOJIMYECTBA ILUE/IOYH M ILEJIOYHO3EMENIbHBIX
METaIIOB, MPEBLIAIOLIErO KOMUYeCcTBO, TpebyeMoe nns obpa3oBaHHs MOHTMODH/INIOHUTA; MOGH-
JIM3aLHIO KPEMHE3EMA, KOTOPBIH ObL1 IEPEOTIONKEH B KAYECTBE TOHKUX AHIENPASIbHBIX KBAPLEBBIX
KPHCTAJIIOB, PacCesHHbIX B MOHTMOPHIIIOHHTE, M COMYTCTBYIOIIEM TanoOy3uTOBOM KAOJMHHUTE,
HIIM-XKE DAa3BH/ TPENE/bHYIO, APTUIMTHYIO OKPYXHOCTb MOPO[bl Ha IJMHHCTOM PpYIHOM TEne€;

(B) manbHeliluee yaaneHue Kpemtesema H IJIHHbI, YTO JaeT CPaBHUIE/NbHO MHMCTbIE, HO HE pery-
NSIPHO  PACHOJIOKEHHbIE BbIEMKM KAONMHHMTOTaNNOy3HTa B KadecTBe HauGonee HHTEHCHMBHOTO
KOHEYHOTC NPOAYKTA apTHJUIM3aUMH. BOAbLIOE KONHYECTBO KPEMHE3EMA, YAANEHHOIO B XO[€
MHTEHCUBHOM apr/IJW3alMK, NepeccaXxJacTca KaK TpenesibHas IJIMHA, KaK MeJKHH KpucToGanmut
B MHKPOCKOMHYECKHX LWIAPMKAX W KaK KPYNMHbIA arperat, XapakTepHbiii 118 KonnohopMHOro onana
M B 3HAYATENLHO GOMBLIMX KOJMYECTBAX B BUAE OMAaNa M XasLUeAoHa, 3aMellas mopoay 3ajeratoilyo
Hal TAMHOM (06pa3ys CUAMKATHYIO JKEJE3IHYIO LUIANY);

(r) Manble KOJMYECTBA aNlyHUTa MPHUCYTCTBYIOT B IBYX MECTax B OTJIOKEHHM, a 3TO NoJaercs
MpeABAPUTENBHON HMHTEpHpeTaudeii kak Haubonee mnpaBaonNOnOOHbIE Y4YaCTKH BOCXONAIIMX
pacTBOpOB.
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