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ABSTRACT

Given our present state of scientific knowledge and analytical
capability, there seems fo be no conclusive means by which fibers
of cummingtonite-grunerite cleavage fragments déiived from the
metamorphosed iron formation of the ﬁeter Mitchell Mine and fibers
of commercial "amosite" can be disﬁinguished in mic:(;n size samples.

The averagé crystal structure and chemical composition of these

two types of fibers (cleavage fragmeﬁts and asbestos) are essentially
the same. Consequently, they cannot be disﬁinguished by electron
'éiffraction and x-ray microspectroscopy in ~air and water samples,
'although differences in their structural and chemical details may
exist. There are'no medical data available, to our knowledge, that
demonstrate which of the specific properties of amphibole asbestos, or
other fibers, are responsible for observed carcinogenic effects.

We must therefore conclude that there is no evidence to indicate

that any detectable or undetectable differences in the minor
structural and chemical details of the two types of fibers has

any influence on their harmful biological characteristics.

Our comparison of mﬂmingtonité—grunerite minerals in the '
Homestake and the Peter Mitchéll mines leads to .conclusions similér
to the above. The average crystal structure and chemical composition
of the amphibole fibers produced from these two ores are equivalent.
Minor differences in the growth habits of some of the‘amphiboles
has been observed.

Although there are some questions concerning the application
of the propoéed conclusions of the Homestake study (NIOSH, 1975),
its comparison with the Silver an area may be justified on the
basis of mineralogical similarities. However, we cannot
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"evaluate Ehe medical applicability of this study. We should
emphasize that there are numerous variables that are potentially
important in the evaluation of a study of this sort,'and that many
of these variables are still not understood by scientists. Con-
sequently, all studies éf this sort are open to valid criticism.

.Although the conclusions of the Homestake report have sone
applications to the Reserve Mining operation, the difficulties
involved in the detailed comparison of the Specific properties, and
especially, the possible biological effects of amphibole fibers
derived from different occurfenceslof the same mineral should be
eventually investigated. We believe that direct evidence concerning
the biologicél effects of the éilver BPay fibers should be preferred
over the physical comparison of the fiberxrs with fibers at other
localities. |

As a result of our examination of analytical facilities at
various laboratories involved in the analysis of airborne fiber
coﬁcéntrations in the Silver Bay and Duluth regions, we conclude
that most, if not all, of their reported'fiber concentrations are
minimum values. The lack of exact agreement on duplicgte air
samples between laboratories results frqm: fiber loss due to
differences in sample transportation and sample preparation;
differences in qounting procedures; differences between the acceptable
levels of amphibole identification; and possible inhomogeneity
of samples. Values of airborne fiber concentratidns obtained by
averaging £hé results from several laboratories appears to be a
less éatisfactory approXimétion to the £rue.concentratipn then the

highest values reported for a given sample.



Attention is called to the current misinterpretation and
impropexr use of certaln mineralogical terms in éonnectioﬁ with
pollution problems. This is apparently responsible for the undesirable
confusion concerning the identification and the mineralogy of
fibrous amphibole air pollutants. This trend 6f improper application
of mineralogical terms was initiated, in part, in connection with
the Reserve Mining Co. trial. Consequéntly, the Minnesota Pollution
Control Agency is in a good position to reverse that trend, by
adhering to the proper definition of mineralogical expressions, and

thus influencing others to adopt proper usage.



PART A&
DISTINCTION BETWEEN FIBERS OF NATURAL
ASBESTOS AND OF CLEAVAGE FRAGMENTS

‘There is considerable confusion concerning the mineralogy
of amphiboles and the use of mineralogical expressions in current
literature dealing with the amphibole fibers found around Silver
Bay and Homestake mines. This confusion originated in the early
stages of the Reserve Mining trial aﬁd has since'propagated to vari-
ous reports including those of EPA,bMPCA, NIOSH, Mt. Sinai School
of Medicine, and court transcripts. As a consequence of these
usages, an ambiguous terminology is beginning to show up in articles
printed in nationhal and international journals of environmental and
public health sciences.

Unfortunately, the misuse of some relevant mineralogical
concepts and terms are becoming so widespread that it may be extremely
difficult to éorrect them. However, i1f that is notidone, some
mineralogical concepts and expressions will have double definitions:
one for.mineralogists and physical scientiests, and one for use in
environmental public héalth sciences and practices. The continuing
use of these double definitions would be most unfortﬁnate as
it will undoubtedly lead to additiénal misundersﬁanding and conflict
between mineralogists and geologists, on one side, and environ-
mental and public health personnel on the other. As the concepts
and expressions are mineralogical, the logical solution to this
problem would be for the persbnnel in the second categofy to
restrict themselves to the proper use of mineralogical terms.

The problem of the modified definitions of mineraldgical termi-
nology was initiated, at least in part; in connection with the Reserve

Mining Company trial. Consequently, we suggest that the Minnescta



Pollution ,Centrol Agency make an extensive effort to use the proper
mineralogical terminology and influence all asscciated organizations
.and personnel to follow suit.

The most frequently misused mineralogical or pseudo-mineralogical
terms and expressions include: Asbestiform, asbestos-like, asbestiform
minerals, askestos, asbestos minerals, asbestos fibers, asbestos-like
fibers, amosite, amosite fibers, non-commercial asbestos, short-fiber
asbestos, émphiboles in the grunerite-amosite-cummingtonite
series, etc.

The current misuse of these expressions originated in part
from the presumed identity of fibers produced by the Reserve Mining
operation and of those produced by breakage of commercial amphibole
asbestos. = That is, by using an expression in reference to the fibers
produced at Silver Bay which includes the word asbestos (or its modi-
fication) automatically impliés that the fibers are identical to asbestos.
For example, the term "asbestiform" in mineralogy refers to ‘the
. crystallization habkit of a mineral, say an amphibole, in a specific
type of occurrence. The same amphibole, however, may crystallize in
other habits elsewhere. The other habits may be, for example, radiating,
acicular, prismatic, massive etc. The current use of "asbestiform"

in reference to the cummingtonite-grunerite fibers of Reserve Mining

changes the definition to something like: . "any mineral which may
cryétallize as asbestos and/or has fibrous cleavage  fragments,

with length:width aspects of 3:1 or higher, is asbéstiform."

- If we accept‘thét definition, then we should call jade (the nephrite
tjpe)-an asbestiform mineral in spite of the fact that it is the
toughes£ knowﬂ natural substance. Mineralogically,.nephrite jade

is actinolite-tremolite which freguently drystallizes as asbestos

(in fact, the name asbestos was first applied to actinolite asbestos)
_5_' -



and if jade is crushed to small enough fragménts (micron sizes), it
will consist of fibrous cleavage fragments, similar to those

found at Silver Bay. The other recognized jade mineral, jadeite,
is a pyroxene and would similarly break into fibrous cleavage
fragments. Consequently, all jades would be called asbestiform
according to that erroneous definition. This illustration is one
of the reasons why mineralogists could not accept that definition
of asbestiform. The appropriate mineralogical teérm for the fibers
derived from the Peter Mitchell ore is: fibrous cleavage

fragments of cummirgtonite-grunerite.

The establishment of the exact equivalence of amphibole
fibers derived from the breakage of commercial amosite (i.e. natural
asbestos fibers)* asbestos and amphibole fibers derived from the
crushing of ore materials at Silver Bay is a difficult problem.
Two different occurrences'of the same minerals, in spite of the
identity of their chemical composition and‘crystal structure, may
have differences at the molecular scale (structural defects, Cafion
ordering, démain structureé, etc.) which can effect their physical
properties. Therefore the problem.of establishing equivalence_of
amphibole fibers derived from natural asbestos and those derived
from single crystals (Peter Mitchell pit) requireé that we specify
at what scale and in what respect that equivalence can be demon-
strated, and the detail to which their physical and chemical

properties are deemed equivalent.

* Natural asbestos may be "commercial asbestos” if it is available
in sufficient quality and quantity to warrant profitable
exploitation. '



There is no éuestion that at the scale of a fist-sized specimen,
natural asbestos and cummingtonites, in the rocks of the Peter Mitchell
, ’
ére, are not the same. They differ in many of their physical properties,
notably in tensile strength and elasticity for which natural asbestos
is well known. These are porperties imparted to asbeétos by virtue
of its asbestiform habit; that is, a crystallization habit of
amphibole (and other minerals) to grow in some situations as
bundles of individual fibers (or in some other, yet unknown
modified structural pattern) rather than as single crystals.
After both natural amphibole asbestos and ore from Silver Bay
have been crushed into aggregates of fibers, the physical properties
of the individual fibers are much more similar. The evidence that

supports their equivalence at this scale is:

A-l. Very similar or identical chemistry.
A-2, Very similar or identical "average" crystal structures
as demonstrated by comparable electran diffraction patterns.,
A-3. Very similar or iaentical'optical properties of some
fibers in natural asbestos. L
"A-4. Very similar or identical external morphology.

Comments and discussion of this evidence (1-4) is as follows:

A-l1) It seems well established from previous studies that the
chemistry of the majority of amphibole fibers from the Reserve Mining
operation are within the cummingtonite (Fe,Mg)7(OH)ZSi8'O22 - grunerite
Fe7(0H)28i8022 series. Most commercial "amosite" asbestos from South
Afripa is in that same mineralogical series, although some commercial
blends may contain other amphibole components (e.g. actinolite,
anthophyllite). 1In a similar manner, the cummingtonite-grunerite
:at Silver Bay includes minor amounts of actinolite and hornblende.
Soﬁe of the Reserve Mining -fibers are éven'within'the range of the

iron-magnesium ratio of the grunerite-cummingtonite in the South

African "amosite."



A-2) The average or basic crystal structure of a fiber is the
fundamental structural pattern or the arrangement of atoms as inferred
from X-ray or electron diffraction patterns. On the
basis of very similar or identical electron diffraction pattefns, all
crystallographers who have studied them agree that the basic
crystal structures of fibers derived‘from-commercial "amosite" asbestos
are identical to that of fibers found in the Reserve Mining operation.

A—3) Samples of natural amphibole asbestoé; including "amosite"

from Penge, South Africa, break up into individual fibers when ground

on a glass slide. Our observations with the optical microscope show
that the aggregate of fibers consist of both single crystal cleavage
fragments and bundlés of fibers (in some cases, it is questionable
whether both were asbestos fibers or the former is derived from single
cryétal components mixed with asbestos fibers). These two types of
fibers may be readily disfinguished as the single crystal cleavage
fragments give uniform inclined extinction angles varying from 0 to 20
degrees depending on crystallographic orientation. These fragments,
insofar as we are presently able to determine, have.optical properties
that are identical to colorless, monoclinic amphiboles studiedlpre~
viously by the same methods from the Peter Mitchell Mine.

A-4) The comparison of amphibole cleavage fragments from the
Reserve Mining operation to amphibole fibers derived from commercial
"amosite" asbestos again depends on scale. Individual ésbestos fibers
from a fist-sized specimen are commonly elongated more than 100 to 1,
whereasvthe elongation of fibers in the crushed.equivalent»is con-

siderably less. Electron microscopy studies made at NIOSH and at Mount



Sinai show that amphibole fibers from crushed amphibole asbestos,

from the diseased lung tissue of commexcial asbestos workers, and
: ¢ A

from the Reserve Mining operation cannot be distinguished from one

another on the basis of length to width ratio and prismatic

cleavage. A possible exception is the apparently morevfrequent

rectangular termination and the square cross section of some

"amosite" asbestos fibers, as pointed out by Dr. A. Langer at Mt.

Sinai School of Medicine (personal communication).

Upon closer examination of the finer details of the amphibole
structure, there are some indications that differences may exist
between amphibole fibers derived from asbestos and those which
are from single crystals: | |

B-1. The mechanism,reSpohsible for the development of asbestiform
habit may be related to unigue surface structures and
properties of the individual fibers that make up a bundle.

ﬁ—é. Electron miéroscopic studies of "amosite" asbestos fibers
reveal the presence of narrow bands of polysynthetic twinning
and of triple chains interlayered with the usual double chain
structure of the amphiboles.

B-3. Most of the natural asbestos (amosite) fibers have apparent
orthorhombic optical properties at a scale of several microns.

B-4. Some natural asbestos contains adsorbed metals and
compounds. '

Comments and discussion of thié evidence‘(1-4) is aé follows:

] B-l. The basic problem here is that the fundamental reasons
for the development of asbestiform habit are not known. The possi-
bility exists that the individual asbestos fibers possess unique sur-
face propert;es'that enable them to develop as bundles (asbestiform
habit) rather than as single crystals. Because of theée'properties,

the individual fibers may energetically prefér the asbestiform habit.

The possibility that the two types of fibers may have different surface
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properties is consistent with Easic crystal chemdical and crystal
physical principles, and must be seriously considered. Unfortunately,
there are no experimental studies, to our knowledge, that compare the
specific surface structures and properties of these fibers. Such
differences, if their existence can be demonstrated, could ha&e an
important effect on the relativé biological activity of the fibers as
suggested by the studies (Allison'and'Pooiy; Langer, et.al., 1974)
on the relationship between the bioclogical character and the surface
properties of free silica (quartz). »

B-2. There is a growing body of evidence to indicate the pre-
sence of detailed structural variations, such as stacking faults and
Wadsley defects, in individual ashestos fibers (Chisolm, 1971). More

recently, Hutchinson, et.al. (1975) have demonstrated that scme amosite

asbestos fibers contain polysynthetic (100)-twinning on the scale
of tens of Rngstroms, and consist in part of triple chain structural
units. This twinning pattern can change the surface features (and
possiblé the properties) of the crystals (Hartman, 1963). Unfor-

tunately, a parallel study of the ultra-fine structure of individual

cleavage fragments from a non-asbestos source has not vet been con-

ducted, and therefore a direct comparison of the two fiber typés on

this basis cannot be made.

Simple, noh—polysynthetic (L00)-twinning of cummingtonite-
grunerite is common in singlé crystals and cleavage fragments, and
is easily observed with a petrographic microscope. It has been ob-
served in fibers of the Silver Bay tailings (P. Cook, personal com-
munication) by electron diffraction techniques. ‘However, if it can

be proven that all ashestos fibers are characterized by a cyclic

...lo..



repetition ofvnarrow (tens of gngstroms) twin bahds} and that

single cleavage fragments (e.g. at Silver Bay) are not, then fhis

may be an important structural difference. Moreover, if it can

be shown that the presence of triple chain structures is unique

to amphibole asbestos fibers and is absent in single crystal

(Silver Bay) fibers, then there will be a&ditioﬁal structural
evidence that the two fiber types are not.exactly equivalent,

and that they may have differences in physical properties. It

would still remain to be established, however, that these differences
have biological significance.

B-3. Although some of the micron sized fibers in "amosite"

asbestos have inclined extinctions, the major portion of these

fibers sﬁudied optically éonsist of bundles of fibers that sfill re-
tain asbestiform habit. They are recognized by their "apparent®
parailel extinction., These asbestos fibers consist of many individual
fibers which have a common c-axis (long direction of the fiber). The
a- and b-axes, however, are apparently randomly ériented about the
c-axis such that the composite extinction angle becomes zero degrees.
.This imparts an "apparent" orthorhombic symmetry which is easily dis-
tinguished from thé single cleavage fragments. The proportion of
single crystal cleavage fragments to bundles of fibers seems to depend
on the commercial quality of the asbestos, and how finely it is ground.
Bundles of fibers recognized on this basis are very rarely, if ever,
found at Reservé Mining's operation. It should be noted that a new
Mineral series,vbiopyriboles; containing triple chains in its

crystal structufe has been found recen;ly (Veblen and Burnham,

1975). That mineral is an intermediate phase in the alteration

of an amﬁhibole (anthophyllite) to talc. Although this alteration
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process is ﬁot comparable with asbestiform crystallization, the
information on the crystal chemistry and physical properties of
this mineral may help research toward the understanding of the
occasional asbestiform crystallization of amphiboles.

B-4. The different geological and industrial histories
of the tWo types of fibers may result in different surface chemistry
which could be important even at éubmicroscopic dimensions. Natural
asbestos fibers may have acquired different metals and compounds,
‘during geologic time which are now heid by adsorption, and some of
them may be carcenogenic. Various metals have been observed by
Roy-Chawdhury (1973), iron oxides by Deer, Howie and Zussman
{1963, ITI, p. 243), and organic compounds, like the well-known
carcinogenic 3, 4—benzpyrens, by Harington (1962). No previously
adsorbed substaﬂces are eXpected to be on the surfaces of freshly
broken cleavage fragments. However, iron oxides, for example,
could easily be adsorbed by cleavage fragments in an iron ore-

beneficiation plant, such as Silver Bay.

Although the non-equivalence of the fine struétural details
of the two types of fibers may not be proven, the poésibility of
differences in the fine structure sfill remains énd cannot be neglected.
The recognition of possible differences at the submicroscopic scale
between asbestos fibers and cleavage fragments does not neces-
sarily imply that the latter type of fibers may not possess the same
or similar harmful characteristics. That is, even if physical
differences can be demonstraﬁed, the biological significance of
that still needs to be proven. The direct comparison of the Silver
Bay and Duluth area with South.African.amosite asbéétos mines, or
with amcsite asbestos plants,is less satisfactcry than compariscong
of the former area with other localities’where the population is

exposed to fibrous cleavage fragments of cummingtonite-grunerite.
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PART B
MINERALOGICAL AND PETROLOGICAL RELATIONSHIPS BETWEEN THE
' * HOMESTAKE MINE AND THE PETER MITCHELL MINE

The Homestake Mine is located in the northern part of the
Black Hills in a series of steeply dipping Precambrian Metamorphic
rocks. Gold was first discovered in this region in 1894 as placer
deposits. Lode gold was first discovered in 1875 on the site of the
present Homestake property. The Homestake Mine haé operated continu-
ously since itsifounding in 1877 and is now recognized as the largest
rgold producer in the United States (Connolly, 1974).

Petrologically, the Homestake Miné is uniquely situated for
the following 2 reasons:

1. The original chemistry of the sedimentary parent was

suitable for the iater development of ore bodies and related

silicate minerals. This chemistry is almost entirely re-
stricted to the Homesfake forﬁation.

2. The temperature achieved during the later Precambrian

metamorphism was sufficient to concentrate the gold-bearing

ore and to stabilize amphiboles of the cummingtonite-grunerite

series.

Regarding reason 1, the Homestake Formation is a relatively
thin formation, originally consisting of primary carbonate sediments
interlayered with chert or SiO,-rich beds. According ﬁo recent fluid - —
inclﬁsion and stable isotope studies (Rye, 1972), the Homestake ore
constituents were introduced during the original sedimentation and
later concentratéd during the metamorphism. There has been considerable
debate. over the age and origin of the Homestake deposit; including
theories‘of eitﬁer a tertiary age (ﬁosted and Wright, 1923; Noble, 1850)

or a Precambrian age (Paige, 1924; Connolly, 1927; Gustafson, 1933).
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Rye's (1972) study shows that the Homestake ore body has a metamorphic
or;gin distinctly.different than the known tertiary ore deposits.

Lead isotope stulies (Ryé, 1972) establish an age for the Precambrian
metamorphism at about 1800 million years.

Studies on the progressive metamorphism of Precambrian sedi-
ments in the Homestake area (Noble and Harder, 1948) demonstrate at
least three well-defined metamorphic zones-which correspond to an
increase of temperature from west to east. The Homestake formation
and mine are located in the garnet zone or intermediate temperature
zone of the sequence. Cummingtonite first appears in this zone,
occurring in crudely radial groups, with crystals up to 0.5 mm long.
‘Locally, it makes up as much as 25 percent of the rock and is commonly
asscciated with lesser amounts of green hornblende. The actual ore
bodies within the Homestake Mine are found on the limbs and crests
of the Homestake anticlinorium, and principally within beds'of cumming-
tonite-chlorite schist. The principle gangue minerals are cummingtonite,
7 chlorite, quartz,'biotite, calcite and dolomite (Allsman, 1940, p. 12).

Specific studies of the Homestake cummingtonite ha&e been made
by Wayland (1936) who believeé that the origin of the cummingtonite
was closely related to the occurrence of ore minerals. His optical
and chemical examination of 15 cummingtonite specimens from the Homestake
Mine and immediate vicinity'is summarized in Table 1. The total FeO
content of these specimens varies from 21.54 weight percent to 34.45
weight percent.: Wayland (1936) describes these cummingtonites as

follows:

"The cummingtonite occurs as radiating blades or fibers
averaging a half a centimeter in length, but occasionally
extending several centimeters. | It is brownigsh or greenish-
gray, and sometimes shows a slightly silky luster. Its
hardness is & to 6, and the cleavage is parallel to (110).
Cummingtonite in the form of asbestos-like material around
quarta has been found; here its fibers may attain several
inches in length and are a translucent yellowish gray.
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| The specific gravity varies from 3.19 to 3.40, in-
ereasing with ferrous irvon (Table 1).........
In thin section the mineral is colorless, or fatintly
grayish brown. No pleochroism was observed by the writer.
The extinction angle ZAc is from 17° to &4°Y

TABLE 1. Puvsican ann CHeMrcAL Data

; Indices { - f Hpticg . ,
< ; . * Biref. II'\UDC' Angle « Optic | Sp. Gr. Per-
Sample 1 ! Do {.;\ng‘lc (Thra| Sien | (Obs) | e
@ B 5 LZAC X) N FeQ
1 I -
bzt 1062 | 1687 | 1702 10,040 | 1 | 800 | — | — 13145
hfs2 1665 L1679 | 1,092 10.027 | 19 | 84 = — T
hiz3 1062 | 1.630 i 1693 { 0.031 | 19 | 98 = | 31012793
hi4 1661 § 1,682 1.0Y7 § 6.036 | 18 | §6 — 4 340 | 343
hizS toot | Loso | Leoxloast! o | sl 1 = L —
hiz6 1.638 1 1.072 | L.ov3 | 0,025 20 | o4 = — |
nff7 1660 | 1,079 | 1630 | 0.0 | 21 1 50 — |
- hf=8 16041 1L6NT | 1.697 [ 0.033 ¢ 17 1 832 | — — 13305
hiFd 1.033 | 1.670 i 1.682 7 0.029 18 « R2 — —_ L —
el 1,037 10721 1.683 | 0.026] 20 | S8 @ = — w08
irfz2 1.OSS | 1,673 1 1,688 0.030 | 19 | 93 § = | 3.26 13110
frid3 P66V | 16867 0028 1 20 0z e | — 2700
Rhfs1 | 1.003 1 1.679 Proozjooof 20 1 85 1 = | 302215
RREF2 116030 1086 11,6081 0,033 18 | S0 | — 1 — 13372
Rifel |tz teosit06) 0032 18 80 ] = | — |s0.40
Avg. Ny = 1.693 Avg. % FeO = 29,55

Sherwood (1911) in his analysis of minerals from the Homestake

Mine describes. cummingtonite* occurrences as follows (p. 746):

"...Its composition as shown below (Analyses 44 and 45)
agrees with either of the minerals anthophyllite or cum-
mingtonite, awnd Professor G.D. Louderback, of the Univer-
sity of Califorwnia, has identified 1t as cummingtonite
by its optical properties, pointing out the very close
agreement between the analysis of this and of the type
mineral originally described from Cummington, Massachusetts.
Owing to the large proportion of ferrous owxide this
mineral absorbs oxygen and chlorine very rapidly, and in
large proportions 1f finely crushed. This accounts largely
for the consumption of oxygen in the cyaniding of the
Homestake taZliMg8 v e es s oeeenesoisnonsonsansassssasonss
Occasionally it is met im long soft fibers, forming
true asbestos. Most of the asbestos examined has been con-
taminated with quartz, but one specimen from the 1100-foot
level contained portions which appeared quite pure, the
fibere being fine and silky and varying in color from white
to light ash gray, some of them eight inches long (see
analysis 45)"

* The terms cummingtonite and hornblende are used interchangeably
in. this article.



. Efmgif :;é;'._a44imy . {i? L 45 46 42“” Cummingtonite

oxide wgt. . '

- percent 7 7 , ) _
sio, 52.36 52.77 50.36  45.66 46.8  54.67
Al,04 1.54 1.55 1.86 6.87 5.02 0.27
Fe0 33.76 34.02 34.62 31.40 33.0 27.81
MnO 0.45 0.45 0.62 - 0.31 0.80
MgO 8.10 8.16 9.86 - 9.20 9.50 13.66
ca0 0.94 0.95 ——=  1.04  1.16 0.99
Na50 - 0.40 0.74 0.50  --= 0.05
K0 - ——— -— 0.73 - 0.06

- Hy0 1.68 1.70 - 0.14 -— 1.27
Sample descriptions:
44a: 800 ft. level. Light brownish white, in masses of small radial
aggregates, containing a little pyrrhotite.
44b: same as 44a but without pyrrhbtite |
45: 1100 foot level. Long-fibered white asbestos, silky, free
from quartz. :
46 and 47: Dark impure masses of radiating "hornblende". Greenish
black. Appears to contain both chlorite and biotite
with iron oxide. .
cum: cummingtonite from Peter Mitchell Mine (submember L) (Gunderson
and Schwartz, 1962, p. 76)
Gustafson (1933) in his study of the metamorphism of the
Homestake gold-bearing formation (his Harvard Ph.D. thesis, 1930),
describes the formation as (p. 128): |

",..a laminated aggregate of beds of quartz-cummingtonite-
biotite schist, containing locally subordinate garnet, chlorite,
and carbonate; of quartz-carbonate schist with subordinate
biotite and chlorite; and of chlorite-quarta schist which

18 commonly garnetiferous.

The dull greenish or brownish amphibole, cummingtonite,
with characteristic fibrous, radiating texture is a useful
diagnostic mineral for identifying the formation in the mine.

«..ocummingtonite 18 plentiful iwm most occurrences in
the mine and along the limb of the Homestake Formation ex-
tending Northeast from the mine; carbonate is correspondingly
less .abundant, and quartz pods are less conspicuous.”

Gustafson also describes the cummingtonite that occurs within the

Homestake Mine‘as (p. 137):

"Cummingtonite occurs as brownish to greenish tufts of
radiating fibers that may measure several centimeters in lenth,
although the majority do not exceed 5 mm." -
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and later on pages 138 and 139,

"The fresh Homestake mineral is colorless to faint brown

and non-pleochroic in thin section...... the fibers of

cummingtonite are repeatedly twinned on (L00). Twin in-

dividuals average 0.2 mm in thickness.

‘ Cummingtonite was recrystallized for a few inches

around some quarty masses into a silky asbestiform sub-

stance. Fibers of this material in some cases are four to

six inches long. Chemical analysis and optical data prove

this to be cummingtonite. In one instance, however, slightly

lower indices were measured, and the mineral was too finely

fibrous to tell whether it was orthorhombic or monoclinie.”
Gustafson, like other writers who have studied the relationships
between the actual ore and presence of cummingtonite, concludes
that where one is found, so will the other. In particular, loca-
tions where cummingtonite schist is in contact with guartz masses
and where chlorite is locally developed are commonly enriched in
sulfides and gold. In contrast, gold and metallic minerals are
rare in areas where the cummingtonite-quartz association is not
found.

Studies on the mineralogy and petrology of the Biwabik Iron
Formation and the Peter Mitchell Mine have been reviewed extensively
in previous court proceedings (1973) and will not be repeated here.
The primary references, however, may be found in French.(1972),
Gunderson and Schwartz (1968), and Bonnichson (1974).

French (1972) outlines the general aspects of the metaﬁorphism.
He defines four zones, labelled Zone 1 (greater than 10 miles from the
Duluth Complex), Zone 2 (2.5 to 10 miles from the contact), Zone 3
(1.5 to 2.5 miles from the contact) and Zone 4 (within 1.5 miles
from the contact). Minerals of the cummingtonite-grunerite series
are restricted to Zones 3 and 4, and to Iron Formation with the ap-

propriate bulk chemistry. It follows that cummingtonite and grunerite

should not generally be found within the Gunflint Iron Formation west
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of the Erie and Babbitt operations because the temperatures attained
during rock metamorphism were not sufficiently high.

Cunderson and Schwartz (1962, p. 83) state that with the ex-
ception of quartz, cummingtonite is the most abundant silicate in
the metamorphosed iron formation. The optical properties of cumming-
tonite, all of which are considered identical by Gunderson and
Schwartz, are as follows:

"Positive elongation (length slow) to amphibole cleavage

maximum extinction angle chz = 162

Strong birefringence (Ca. .037)

Weak dispersion (r v, rhombic and inclined)

Polysynthetic twinning parallel to (100) <s common"

"Average"lrefractive indi?es are given by the above authors as:
Mg = 1,658 and "y = 1.677
French's (1968) study of the progressive metamorphism of the

Biwabik Iron Formation estimated the compositions of 25 grunerites
and cummingtonites from his zones 3 and 4 (p. 65) from measured re-
fractive indices. The range of Fe/(Fe + Mg) values for zdﬁe 4
(closest to the Duluth Complex contact) is from 0.53 to 0.89‘with an
average of 0.73. The range of values from Zone 3 (1.7 to 2 miles
from the contact) is from 0.63 to 0.85 with an average of 0.77.
These data are given in Table 8 of Fraench (19268&).

Briefly, the overall petrologic settings of the Peter Mitchell
Mine and the Homestake Mine are similar. The Precamhmian sedimentary
rocks in the Mesabi Range have been progfessively metamorphosed from
west to east with temperature increasing to the east toward the con-
tact with the Duiuth complex of igneous rock. The latter was intruded
approximately 1,100 million years ago and supplied the thermal energy

for rock metamorphism.



French, 1968:

TasLe 8. RerracTive Inpices axop Estiaratep CoarposiTioNs oF CUMMINGTONITE-
GRUNERITE AMPHIBOLES FRONM THE METAMORPHO=ED Biwanig JRoN-FORNATION
(Zoses 3 axp 4) *

) . Fezf'
No. Dt n., - Fe' -+ Fe’™ + Mg — Mn  Associated Minerals
Zone 3

125 ..o.oa.... 201 1.707 059 . MQ, (5%
1) BN .- 194 1.701 073 : ALQ.CA
188 ...l 1.93 1.713 085 ALQ
T2 e 1.92 1.702 . 0.94 MQ,CA
95A ...l 1.90 1.704 .76 ALCA QY
{117 5 1.90 1.904 0.76 same as 95—&
96 1ol 1.90 17704 0.76 M,C.A, (Q?), (Mi?)
96B .......... 1.90 1.702 0.74 same as 96A
VL 1.78 1713 0.85 MC,(Q)
124 ..., 175 1.690 0.63 M,Q.4, M), (SY)
148 ..., 1971 1.712 0.84 M
23 171 1502 0.74 Fay?

Average ..... 1.705 0.77

) . Zone 4

TS5 i 157 1.718 . 0.59 MLQ.(St2)
T6 et 1.57 1517 _0.89 MQ,C
i A 1.57 1.715 0.87 Q.C
b5 R 1.53. . 1.696 0.69 M,QH, (A?)
186 ..ol 1.47 1.507 - 079 none
183 ......... 1.33 1.900 0.73 M,Q,Hd Fe-Hbd
150 ..., 1.36 1.679 0538 MQ
185A .......... 1.28 1.712 0.84 none
80 ... 1.24 1.696 0.69 Q.Fe-Hbd
99 ... 115 1712 0.81 M,Q Fe-Hyp,(C?)
82 ..., ... 073 1.682 0.56 ALQ, (Bio?)
83 ..., 073 . 1.680 054 M. Q. Fe-Hbd
88 it 0.39 1691 . 0.64 AM,Q.Fe-Hyp

Average ..... 1700 0.73

* A key to abbreviations for minerals in the Biwabik Iron-formation is given in Table 3.
T Distance in miles from the Duluth Gabbro contact. .



PART C A
EVALUATION AND COMMENTS ON THE
NIOSH HOMESTAKE REPCRTS

The following diséussion makes no attempt te cover all aspects
and implications of the two NIOSH reports refereﬁced on the cover
page. Our comments here are restrictéd to mineralogical questions,
matters of sample handling and anélysis, and to fhe scientific
logic and reasoning on which conclusions are based. Our comments are
based on a critical reading of appropriate documents, and con personal
communication (6ral) with John Dement, R.A. Lemen and J.K. Wagoner,
all of NIOSH and authors of the reports discussed here.

Before proceeding, we must commen? that a purely scientific
evaluation of this and similar reports is not an easy task. The
éomplexity of the crystal structures and the chemical and physical
properties of extremely small mineral fragments is enhanced by an
even more complex human physiOlOgY- Mineralogical research has
been limited, until recently, to much larger-sized minerals, and to
the consideration of average crystal structures and average
chemistry. Our knowledge of submicroscopic variations in the
structures and properties of mineral fragments from a purely
mineralogical point of view is very limited. The medical sciences
seem to have corresponding difficulties in explaining the nature
of the undesirable biolgical processes related to fibrous air polluting
substances (see the summary of‘hypotheses-given by'Reeves; et al., 1974).
Ultimately, science will be faced with answering precisely how a
submicroscopic mineral fiber interfaces on an atomic scale'to
complex biological systems. It is unfortunate thaf at this time
there is wvery little information bn the relationship between minor

chemical and structural variations and degrees of health effects.
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Some.of the méjor problems and sources of error we have
detected in the course of this study apply rnot only to the NIOSH
Homestake studies but to'any other study that atttempts teo correlate .
observed fiber concentrations to occurrence of disease. These are:
(1) obtaining truly representative air or water samples of fiber
pollutants is difficult. The samples are usually collected over
a short period of time.relative to the durétion of human exposure;
(2) analysis of the samples is time consuming, expensive, and
calls for highly gqualified expertise. Because of the time con-
straints often imposed by the health issue itself, analytical
shortcuts are commonly employed that.normally would not be; (3)
present methods of fiber analysis require that only a small portion
of é given filter paper be used to extrapolate to total fibers
in the filter paper and from that to ambient air concentrations;

(4) present methods of fiber analysis lead to substantial losseé

of fibers, particularly in the smaller range sizes; (5) because

of the many variables, either considered or not recognized by the
researcher, an even more difficult problem is determining which
pollutant is responsible for the observed éxcess of disease

(judging from our readings and discussions, the list of known car-
cinogens is growing rapidly); (6) once a carcinogenic mineral

is identified, it is still questionable whether the same mineral

is carcinogenic at other localities as well, until we know the
ranges of major. and minor chemical and structural variations of

its carcinogenic character; (7) the assessment of the health effects
caused by a combination of environmental faactors, or the differences
in the biological role of-a particular .pollutant depending on

its chemical and physical millieux is an extremely difficult problem

and one for which no conclusive answer may be given.
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The principal conclusion reached by the authors in the two
Homestate reports is that an excess risk of respiratory~tract
cancer exists among workefs of the Homestake Mine due to inhalation
of airborne amphibole fibers, and because of thlS, the measured
levels of exposure should be conSLdered unsafe. The following
discussion will first consider those factors that support the validity
of these conclusions, and secondly those that argue against

them.

Factors that Support the Conclusions:

. 1.. Section B of the present report demonstrates that the
principal amphibolé found in the Homestake ore is in the cummingtonite-
grunerite series, and that the major proportion of it consists of
individual cleavage fragments rather than asbestiform material.
Available chemical analysés show that the average chemistry is

similar both to commercial "amosite' asbestos and to cleavage fragments

found in the Peter‘Mifchellhpiﬁ. We must conclude on the basis of the
fundamental mineralogical equivalence of the fibers that the compari-

son of the Homestake Mine and the Peter Mitchell Pit is valid.

2. Given the available body of raw data, there does appear
to exist an excess risk of respiratory tract cancer among Homestake
workers. This appears to be true régardless of whether_the‘white
male population of South Dakota or the U.S. white male population
is used as the control group.

-3. Given the above conclusion- (2), the authors seem to give
adequate consideration to alternative explanations insofar as the

ava;lable data allows. Radon daughter levels, trace metal concen-
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trations, gilaca dust content, cigarette smoking, and amphibole fiber
inhalation were among these. Although none of these parameters

may be singled out as the sole cause of the observed excéss of the
disease, the conclusion that exposure to small'(<5u5 amphibole

fibers represents a prominent variable appears to be valid.

4. The analytical procedures emploYed by the NIOSH group
based on -our own eyaluation of their laboratory procedures are
among the best-available. Considerable care was taken to count
all fibers in the airborne dust samples, and to record both electron
diffraction patterns and energy dispersive x-ray spectra on at least
20% of the fibers counted. The U.I.C.C. amosite and a Smithsonian
grunerite were employed as standards for comparison. Because
of the probable loss of sbme fraction of the smallest fibers
(<1y length) during the acetone vapor dissolution process, the
airborne fiber concentrations‘in the two NIOSH reports must be
considered minimum values.

5. In spite of the loss of small fibers, the NIOSH authors
convincingly show that 90-95% of the observed fibers are less than
54 long. Their conclusion that the - OSHA "1972" standard
6f 2 fibers/cc longer than 5y may be inadequate is well documented.

6. A major point of emphasis in' the NIOSH reports is that
safe levels of amphibole fiber concentrations have not been estab-
lisﬁed. Only unsafe levels can be determined from.careful morbidity
and mortality studies of exposed populations. The authors clearly
.recognize this fact in their attempt to establish an unsafe level.
Even if theix attempt is deemed. inconclusive, there isAnd basis to
concludé that observed levels of exposure in the Homestéeke Mine

should be’considered safe.



7.' There are several additional supportive arguments made
by the NIOSH authors for which we are not qualified to evaluate.
It should be noted that the main report (I) was presented at an
international conference that was apparently well-attended by
industrial representatives. Plans for the formal publication
in the Proceedings of the New York Academy of Sciences along with
discussion and reply have been made. The NIOSH authors seem quite
éonfident that their study will stand up to any professional

criticism.

Factors that Argue Against the Conclusions

1. The ideal choice of the "control group" should be
such that}it is comparable with the study c¢ohort in all respects
except for the absence of the factors concluded to be res?onsible
for the excess disease. Such a control group may not be always
available, however . The NIOSH comparison of a minin% population with
a primarily agricultural population is far removed from the ideal.
The first control group, used in the preliminary version of the
report, was the U.S. white, male population, in the appropriate
age group. The excess rate of malignant respiratory diseases was
2.5 in that comparison. That. was then raised to 3.7 when the
South . Dakota White, male popuiation was used for control. If we
assume that the U.S. white male population is a betfer control, |
because it contains.a higher percentage of industrial workers
’then the change in the rate of excess disease (2.5 to 3.7) indicates
that fhe closer we get to the ideal contrél,grouphthe smaller that
rate becomes; '~ The NIOSH reports do noﬁ.demcnstrate
what that rate would be if the Homestake miners were compared with
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other miners Working in comparable environmént ekcépt for the
absence of fibrous cummingtonite-grunerite cleavage fragments;

2. The author's improper use of the minéralogical terminology
causes some confusion. In fact, provides a good.illustration of
the problems caused by the improper use of accepted terminology.
They identify observed.grunerite (but not cummiﬁgtonite and other
amphiboles) as an asbestiform mineral and eguate it with "amosite.
As roted earlier, asbestiform cummingtonite-grunerite is known to
be present in the Homestake Mine (Sharwood, 1911; Gustafson,

1933; wWayland, 1936; Roberts and Rapp, 1975, etc.); consequently,
their report could be interpreted in either of the following ways:

(a) The authors used the proper mineralogical terms
and were referring to truely asbestiform grunerite as tﬁe
material responsible for the excess rate bf disease. In
that case, their conclusion is not transferable to the
Peter Mitchell ore where asbestiform cummingtonite-grunerite
is present only in negligible quantity (if at all).

(b) The authors .did not use the propér mineralogical
terms and have substituted the definition of a "fiber" for
asbestiform, and further restricted that to fibers of a
certain range of composition. In that case they did not
distinguish between aatural asbestos and fibrous cleavage
fragments. (Such distinction between the two types of fibers
should bé made duriﬁg the macroscopic and optical'micrOSCOPic
examination of the ore as it cannot be easily done with the
electron microscops. Cénsequently, we cannot conclude from
their reports which one of the two types of fibers is responsi-

ble for the excess rate of disease. We can only assume that

they consider the two types of fibers equivalent. -
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3. 'There are several other minerals in the ore which aré not
yet considered to be cércinogenic buf may soon become suspects. Some
of these are micas and chlorites, iron oxides and carbonates;,
and sulfides of arsenic and other metals. Micas and chlorites are
layer silicates and as such they are similar to talc. The known
carcihogenic character of talc was attributed to asbestos, usually
present iﬁ talc ©Ore and talc products. Recently, it has been shown
that talc itself may be carcinogenic (Henderson, et al., 1974, 1975).
Tron oxides are also known to be carcinogenic (Faulds, 1957,

Roussel, et al., 1964, Boyd et'al., 1970) and may be even more soO
when associated with silica (Campbeil, 1940, Faulds and Stewart,
1960). There is, however, no similar information available for
iron carboﬁatese Arsenic metal and certain arsenic compounds are
considered carcinogenic but there is no direct information'bn
arsenopyrite. Dr. Dement may be correct that the high

5~-611g/‘cma arsenic readings given.in the preliminary version of the
NIOSH report are misleading as they "did not represent exposure
to individual miners and should not be considered pertinent”
‘December 15, 1975 review, Rockville, Maryland), and that
"arsenopyrite is a very stable compound" (deposition, November 24,
1975, p. 47), compared to known carcinogénic compound such as
arsenic trioxide.

4. There are a large number of factors which comprise the
total environment of an underground mine. The biological affects
‘0of many of these factors are as yet unknown. Examples include:
the less than ideal ventilation in undérgrbund drifts, ana especially
in cross cuts; the compositicn and reaction products of.blasting

fumes and other exhausts; the character and composition of mine
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waters; the effect of occasional mechanical failures in the
ventilation systems; consequent changes in the underground environ-
ment as mining operations move to mineralogically different gections;
and changes in the mining operations and conditions (that is,

during the period when some members of the study cohort were

employed in underground mining).' The importance of changes in
mining operations and conditions may not be fully unknown. For
example, up till 1970 mercury was used in the amalgamation of the
ore which caused some concerns. The company made improvements

in contolling dust levels and a major improvement in the

ventilation system was initiated in 1970 (Connclly, 1974).



. SUMMARY AND DISCUSSIONS

{1) Although there is no conclusive evidence available today
for the demonstration of differences in. the physiéal properties of
-micron-~sized fibers of natural asbestos and cleavage fragments of
the same mineral of identical composition, there is no conclusive
e?idence to prove the contrary either._ Even though differences may
exist,'there-is no evidence to indicate that one type is less
harmful than the other, nor that they are equally harmful.

Current studies on free silica grains imply that minute variations
of surface properties may bé coupled with changes in bioclogical
response (Langer and Rohl,lﬁ?A)..

(2) There is an extensive range of observed chemical varia-
tions in the cummingtonite~grunerite series of amphiboles. The
most obvious of these is the variation in the ratio of iron to
magnesium. In spite of the varying Fe/Mg ratios, the basic
crystal structure of the mineral is constant. However, there are
minor changes in the crystal structure associated with different
Fe/Mg ratios, such as variable rotation of the Si0O4 tetrahedra,
and different degrees of distortién of the M1V cation sites.
These minor structural features can affect the stabiiity of the
brystal structure and the consequent physical properties to

some degree. Many cummingtonite-grunerites contain other cations

(e.g., Ca, Mn) in Fe, Mg octahedxal sites and some may contain small
gquantities of other'cations in Si tetrahedral sites (e.g., Al, Fe).
minor substitutions of that nature can affect the chemical—
physical properties of the mineral. |

(3) The geological history of amphiboles can'alsé modify -

the small-scale chemical and physical properties of individual
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fibers. Amphiboles that exhibit exsolutidn phénomena or replace-
ﬁent relationships with other primary minerals .(like fayalite,
for example, at Peter Mitchell Mine) have differences in physical
and physico-chemical properties (e.g., Brady, 1974; Klein, 1964;
Ross, et al., 1969). Another example is the ﬁibrous cummingtonite
described by Bonnichsen (1969) and the‘asbestiform cummingtonite
from the Peter Mitchell property presenfed in court (November 14,
1575) by Dr. Colin Harwood. This material has unique character-
istics. The fibrous cummingtonite is apparently a late
crystallization product in the Mesabi Range and occurs in
narrow veins. We have examined thé samples collected by Dr.
Harwood near and outside the edge of the Peter Mitchell pit. These
fibers are reasonably flexible and may be called asbestiform.
However, they have low tensile strength, are uﬁstable and lack the
characteristic orthorhombic optical properties of asbesti-
form fibers (some fall apart and break into tiny fibrous fragments
just by a slight touch of the needle). Another demonstration
of the‘importance of geological history on the properties of
minerals can be taken from the South African "amosite." Freéh
amosite fibers are ash gray. Some fibers, however, have a reddish
color due to the presence of iron oxides on the fiber's surface
(Deer, Howie, Zussman, 1963, D. 243; Roy - Chowdhury, et al., 1973)
(4) Minorivariations in the physicai and physico-chemical
properties of amphibole fibers due to differences in c£ystalli2a-
tion habit {e.g., asbestiform); to differences in chemistry (Fe/Mg
ratio, minor substitutions); and to unique geological history
(replacement, alterations,~etc.) can either be demonstrated or
anticipated, The questions of: (1) whether these differences

‘are associated with any change in biological effects, and (2)
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[
what are the nature and extent of these changes, and (3) what

are the ranges of physical and chemical properties of the dangerous
varieties, are questions which cannot be answered today.

(5) Throughout this report, we have attempted to
objectively represent the scientific facts that bear on the
oﬁerall problem. At present, it does not seem possible to identify
which éf the ‘many properties, singly or collectively, are responsi-
ble for fiber-related disease. If the fibrous morphology and average
crystal structure and chemistry of cummingtonite-grunerite prove
to be the sole responsible ﬁroperties, then the details of the
crystal structure and minor variations in chemistry may be
neglected. AOn £he other hana, if it can be shown that the gross
morpholégy and average crystal structure and chemistry alone are
not the responsible properties, then the effects of minor varia-
tions summarized in points (1), (2) and (3) must be examined
more carefully. |

(6) The disparity of the fibef concentrations reported by‘
different laboratories (e.g., Illinois Institute of Technology
Research Center in Chicago, NIOSH in Cincinnati, Mount Sinai
School of Medicine in New York, McMaster Universit& in
ﬁamilton, and National Water Quality Laboratory in Duluth) for
the same air quality samples (i.e., split samples) is due in
part to preparatory and counting procedures. It éeems clear that
all these laboratdries are reporting conservative figures,
that is, minimum fiber concentrations,and that the minimum values
vary between laboratories. It qppears éafe to.say that, in
general, the(average value of the data reported by,SeQeral

laboratories is probably not the best approximation of true
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‘fiber concentration. The maximum value reported by any one of
these laboratories is probably closer to the t?uth.

(7) It is recommended that the mineralogical nomenclature
recently introduced and currently used in connection with fibrous
air and water pollutants be changed to'confofm with the appropriate
mineralogical definitions. As the misuse of these expressions
was, in part, initiated in connectionAwith the Reserve Mining
trials, the Minnesota Pollution Control Agency, as'a Minnesota
agency, is in an excellent position to assume a leading role

in correcting this situation by using the proper  nomenclature.



RECOMMENDATIONS FOR ADDITIONAL STUDIES

[ 4

These recommendations are proposed for future andllong range
studies to develop a more fundamental and broader undeistanding of
the problem. Consequently, they should not be considered as
suggested conditions for any decision to be made in the near

future concerning the Reserve Mining Co. operations.

l. . It has become apparent during the compilation of this
report that several scientific gquestions must remain unanswered
because of insufficient knowledge concerning the formation of
minerals with asbestiform habit. A thorough study should be
made, not only for amphiboles but for other minerals like

minnesotaite and talc which are known to crystallize occasionally

in asbestiform habit.

2. Additional studies are needed on the surface stfuctures
and properties of amphibole fibers both as a function of natural
grthh and of forceful fracturing. This is a necessary first step
if science is ever going to understand how amphibole and other
fibers interface on an atomic scale with biological systems.

3. Theoretical selected area electron diffraction patterns
for all common orientations of single and twinned crystals of
amphiboles and other minerals of concern should be determined
and tabulated. Due to the complexity of interpretations, this is
necessary if uhambiguous routine interpretations of diffraction
patterns are going to be made. These should be available to
all laboratories engaged in fiber counting'and analysié.

4. Additional direct comparativé stﬁdies of Silver Bay

! i should be made Fund ; ntal and
amphiboles and standard amosite should be nade. undaments
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syétematic x~ray-and electron diffraction, and optical microscopic
studies can and should be conducted.

5. The known and feasible variations in the chemical and
physical properties of cummingtonite~grunerite with variations in:
(1) Fe/Mg ratios, (2) substitutions in the octahedral” and tetra-

hedral sites, (3) detailed crystal stiuctures, and (4)
cryStallization habit and geological history, should be studied.
As soon as more reliable data are available, limits of permissible
variations in the above four categories could be established, within
which the consequent risks in chemical andvphysical properties are
negligible. With the availability of such data, a simple and
quick method could be designed to express the degree of comparability
of cummingtonite-gruneritesat different locations. Similar schemes
could,of course,be designed for othef minerals as well.

6. Lastly, it must be recognized that the fundamental question
of whether or not there exists an imminent health hazard in the
Silver Bay region cannot be fully answered on the basis of scienti-
fic arguments andat‘mineraloéical comparisons. It seems that g‘more
dependable answer to the health issue would be: (1) a thorough
mortality and morbidity study of Reserve Mining workers and general
population at Silver Bay aﬁd Babbitt; and (2) animal studies using
non-asbestiform cummingtonite-grunerite fibers, preferably that
obtained from the Reservé<Mining Co. tailings at Silver. Bay. These
seem to be the best ways, at present, to demonstrate the biological
characteristics of cummingtonite—grunerite cleavage fragments in the
Duluth-Silver Bay area. It should be kept in mind, however, that
possible negative results of such studies may not be conclusive
because of the iong incubation period of some asbestos related
diseases-and of other inherent difficulties.

- .
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APPENDIX I

DEFINITIONS AND DESCRIPTIONS OF RELEVANT
MINERALOGICAI, TERMS AND EXPRESSIONS

DEFINITIONS

After: Glossary of Geology. American Geological Institute,
1972 (2nd print, 1973) :

in
pages:

41 ASBESTOS: (a) A commercial term applied to a group of
highly fibrous sillicate minerals that readily separate
into long, thin, strong fibers of suffictent flexibility
to be woven, are heat resistant and chemically inert, and
possess a high electric insulation, and therefore are
suitable for uses (as in yarn, cloth, paper, paint, brake
linings, tiles, insulation, cement, fillers, and filters)
where incombustible, nonconducting, or chemically resistant
material is required. (b) A mineral of the asbestos
group, principally chrysotile (best adapted for spinning)
and certain fibrous varieties of amphibole (ex. tremolite,
actinolite, and crocidolite). (ec) A term strictly applied
to the fibrous variety of actinolite.~--Syn: asbestus;
amianthus; earth flax; mountain flax.

321 HABIT [CRYST]: The characteristic crystal form or combina-
" : tion of forms, including characteristic irregularities
of a mineral.

41 ASBESTIFORM: Said of a mineral that is fibrous, t.e. that
18 Llike asbestos.

41 ASBESTINE adj.: Pertaining to or having the characteristics
of asbestos.--n. A variety of tale; specif. agalite.

5 ACICULAR [CRYST]: éaidVOf a crystal that is needlelike
wn form. Cf: fascicular; sagenitic.

258 FIBROUS: Said of the habit of a mineral, and of the
mineral itself (e.g. asbestos), that crystallizes in
elongated thin, needle-like grains, or fibers.

265 FLEXIBLE: Said of a mineral, the tenacity of which allows

1t to be bent without breaking but without returning to
its original form; e.g. tale.
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22 AMPHIBOLE: (a) A group of dark, rock-forming, ferromagresian
silicate minerals closely related inm crystal form and
composition and having theégeneral formula: A —%BS(Si’éi)B
0 2(OH)2, where A = Mg, Fe ™, Ca, or Na, and B=M3§, Fe 7,

FEF3, of Al. It is characterized by a cross-linked double

chain of tetrahedra with a silicon:oxygen ratio of 4:11,

by columnar or fibrous prismatic crystals, and by good

prismatic cleavage in two directions parallel to the

erystal faces and intersecting at angles of about 6§6° and

124°; colors vary from white to black. Most amphiboles

crystallize in the monoclinic system, some in the orthorhombic
or triclinic systems; they constitute an abundant and ‘
widely distributed constituent in igneous and metamorphic
rocks (some are wholly metamorphic or secondary), and they

are analogous in chemical composition to the pyroxenes.

(b) A mineral of the amphibole group, such as hornblende,

anthophyllite, cummingtonite, tremolite, actinolite,

reitbeckite, glaucophane, and arfvedsonite. (¢) A term
sometimes used as a syn. of hornblende.--Etymol: Greek
amphibolos, "ambiguous, doubtful,'" in reference to its

many varieties.

27 AMOSITE: A commercial term for an iron-rich, asbestiform
variety of amphibole occurring in long fibers. It may
consist of an orthorhombic amphibole (anthophyllite or
gedrite) or of a monoclinic amphibole (cummingtonite or
grunerite). ‘

126 CHRYSOTILE: A4 white, gray, or. greenish mineral of the
serpentine group: Mg33i205(0H) . It is a highly fibrous,
silky variety of serpentiné, and constitutes an important
type of asbestos. Not to be confused with chrysolite.

Cf: antigorite. Syn: serpentine ashestos; clinochrysotile.

166  CROCIDOLITE: 4 lavender-blue, indigo-blue, or leak-green
asbestiform variety of riebeckite, occurring in silky
fibers and in massive and earthy forms. Syn: blue asbestos;
krokidolite. :

276 FRACTURE [MINERAL]: The breaking of a mineral other than
along planes of cleavage. A mineral can be described in
part by its characteristic fracture, e.g. uneven, fibrous,
conchoidal.

13 CLEAVAGE [MINERAL]: The breaking of a mineral along
1ts crystallographic planes, thus reflecting crystal
structure., The types of cleavage are named according
to the structure, e.g. prismatic cleavage. .Cf: fracture
[minerall; parting [minerall].



132 CLEAVAGE FACE: In a crystal, a smooth surface produced by
cleavage.

132 CLEAVAGE FRAGMENT: 4 fragment of a erystal that is bounded
by cleavage faces.

567 PRISMATIC CLEAVAGE: 4 type of crystal cleavage that occurs
parallel to the faces of a prism, e.g. the [L10] cleavage
of amphibole. :

567 PRISM [CRYST]: 4 crystal form having three, four, six,
eitght, or twelve faces, with parallel intersection edges,.
and which is open only at the two ends of the axis parallel
to the face intersection edges.

518 PARTING [CRYSTAL]: The breaking of a mineral aiong planes
of weakness cauced by deformation or twinning: e.g. garnet.
Cf: cleavage Imineral]. :

DESCRIPTIONS OF SOME IMPORTANT MINERALOGICAL
TERMS AND EXPRESSIONS
CRYSTAIL HABTTS '

Most minerals are known to occur in a nuﬁber of different
crystal habits. That is, the same mineral may crystallize: (1) in
relatively large distinct crystals of various characteristic shapes
and forms; (2) in certain types of aggregates or groups of crystals;
or (3) in fine-grained, polycrystalline masses. ‘There are several
terms used by mineralogists to describe these different crystai habits.
For example, single crystals may be: equidimensional, tabular, platy,
acicular, fibrous, etc.; groups of crystals may be: columnar, reti-
culated, radiating, etc.; and fine-grained massive minerals may be
described as granular, compact, banded, botryoidal, etc.

Minerals crystallizing in the habits of radiatiné or columnar
groups of acicular or fibrous crystals may be said to have asbestiform
habit, provided that they possess some of the unique physical properties
of asbestos (e.g. tensile strength, flexibility}. Several common
silicates, when occurring in asbestiform habit, may be utilized in

industry as asbestos, and may have a special variety or commercial name
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(@mosite, crocidolite, prieskaite, montasite, bedenite, byssolite,
etc). There is only one asbestiform mineral which is considered

to be a distinct mineral and not just a variety of another minerai.
That is chrysotile. Although it_has the same chemical composition
and basic'crystal structure as antigorite or lizardite, in chrysotile
the layered structure is not planar bﬁt it is curied up as the

sheet in a scroll. That variation of the structure is considered

to be sufficiently unique to warrant iﬁs recognition as a distinct
species.

Although the basic physical and chemical properties of the
sihgle crystals of minerals are constant, some of their specific
properties may be sﬁrikingly different when they occur in different
habits. This point can be well demonstrated with minerals in
the actinolite-tremolite series. All minerals in these series
may occur in asbestiform habit. The same minerals may also
crystallize in small, sturdy, prismatic crystals. They may also
crystallize in a massive habit, in which the individual crystals
are of microscdpic size. In this massive habit the actinolite-
tremolite minerals may constitute the toughest natural substance
known to man. Its variety name is nephrite, and is one of the
two accepted jade minerals. That is, the same mineral (same
crystal structure and chemical composition) may occur in contrastingly

different forms such as asbestos and jade.

AMOSITE
An ash~gray, asbestiform mineral occurring in. the Lydenburg
and Petersburg Belt in Transvaal, South Africa (Penge, Amos mines),

named "amosite" by A.L. Hall in 1918:

- 41 -



T
On the mode of occurrence and distribution of asbestos

in the Transvaal. Trans. Geol. Soc. So. Africa. XXL, 1-36.

M.A. Peacock analyzed two specimens of that South African
asbestiform mineral: ' A
The nature and origin of the amphibole-asbestos of South
Africa. Amer. Mineral. 13 (1928) 241 - 285.
and concluded that this mineral is not a disfinct species but

is ‘probably ferroanthophyllite:

p. 262

Considering firstly TaBre IX, it will be seen that there is a
strong general similarity in the optical properties of anthophyllite,
ferroanthophyllite, amosite and gedrite; and that therefore, as fur
as optics.go, amosite belongs properly to the érthorhombic amphi-
boles in each case crystallographic ¢ is-the direction of highest
refraction, and where data are given, of strongest absorption. The
refractive indices and birefringence of the members of the series

“vary somewhat evidently in sympathy with chemical composition.
Ferroanthophyllite aind amosite, which have high iron-contents

- with correspondingly low magnesia, have systematically higher

“indices than anthophyllite and gedrite in wkich iron is very
subordinate. From ‘the optical data alone the validity of amosite
as a distinct species cannof be judged as even such distinct species -
as anthophyllite and gedrite would be hardly distinguishable in
small fragments.

i

- - FAE

p. 281 (f) The long-fibred, ash-gray asbestos, amosite, typically de- |

veloped in ironstones within the contact aurcole of the Bushveld
Intrusion, proves to be an orthorhombic amphibole with ferrous

oxide as the dominant base. - Carrying sesquioxides intermediate

in amount between the ideally sesquioxide-free anthophyllites and .
the highly aluminous gedrite, amosite is-sustained as a mincral '
species. The composition of amosite is expressed in the same !
general manner devised for crocidolite (d). A greenish, short-fibred -

. . . 3
form of amosite carries about 11 per cent of lime. ‘ R

In 1948 J. C. Rabbitt studied various specimens of anthophyllite,
_*with., the use of = .  x-ray diffraction techniques.

A nev study of the anthophyllite series. Amer. Mineral. 33

(1949) 263-323. :
In this study he concludes that the two samples of amosite he has
examined are " actinolite and cummingtonite:

Numbers 86 and 87 —These analyses are of two amosites from South
Africa described by Peacock (1928). It will be shown by x-ray evidence
that both are monoclinic. As they are monoclinic, their composition
shows that number 86 is probably actinolite (10.8497 Ca0, 29.319%; FeO,
4.96%, MgO) and number 87 is probably cummingtonite {36.60% FeO,
; _ 5.80% MgO, 0.779%, Ca0). Both of these specimens are asbestiform and
S ) their identification cannot be determined by optical methods. -
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J.C. Rabbitt's study was considered to constitute sufficient
.evidence to discredit the mineral name “"amosite," and the
Mineralogical Society of America officially digcreditedAamosite:

Amer. Mineral. 34 (1949) page 339:

DISCREDITED MINERALS
Hagemannite (=Ralstonite + Thomsenolite)
Clifford Frondel, Am. Mineral., 33, 84-87 (1948).
Amosite (=Actinolite)

John C. Rabbit, Am. Mineral., 33, 263-323 (1948).
Following this announcement of the Mineralogical Society of
America the name amosite has been omitted from all major mineralogy
text and reference hooks as the name of mineral sPecies. That
was done, not only in the U.S., but in all major countries.

However, asbestifeorm cummingtonite-grunerite (and actinolite~
tremoiite) mined in South Africa, continued to be marketed under
the commercial name of "amosite." For the same reason in many
books, especially those in mineral deposits andAéconomic or
industrial mineralogy, the term amosite is still used. In some
books the authors make it clear that "amosite" is not a proper-
minéral name.

for example: Industrial Minerals and Rocks, Editor J.L;

Gillson. Am. Inst. of Min. and Metall.,
and Petrol. Eng. New York, 1960.

. - It is generally recognized that there are six
page 23: varieties of asbestos; the finely fibrous form
of serpentine known as chrysotile, and five
minerals of the amphibole group, i.e., amosite
(not fully recognized as a mineral species
name but accepted in asbestos terminology),
anthophyllite, crocidolite, tremolite and actino~
lite. ‘ i



'Others, on the other hand, are less careful and imply ﬁhat

"amosite" is a mineral.

for example: A.M. Bateman: FEconomic Mineral Deposits.
2nd Ed. 1950, J. Wiley & Sons.

pages 750-751: . Asbestos Minerals, A.bOJOxladconnnmcudtcunnp>hodtoa(noup.
of minerals that separate v sadily into fibers, - The minevals differ in }
chemical composition and in the strength, fexibility, and uscfulness of

. their fibers, Broadly, tney fall into two omoupa—~smp0hhne and

amphibole; the former includes the mineral chrysotile and the non- ~
commercial pierolite, and the latter includes anthophyllite, crocidolite,
amosite, tremolite, and actinolite.  Mountain leather, mountain wuod,
and mountain cork are varictics of amphibole,

Censeguently, any . company mining and mar tlnq an askesti-

form amphibole may choose to call that an"amosite asbestos! The

known amosite asbestos, mined in South Africa, is mineralogically

cummingtonite~grunerite and actinolite-tremolite, while that of
. . t
the Idaho deposit is ferro—anthophylite [SBhannon, Proc. U.S. Nat'l.

Museum, (1921) 397-401).



FIBERS OF ASBESTOS AND OF CLEAVAGE FRAGMENTS

Minerals, whén crystallized in asbestiform habit, will con-
tain thin and long fibers. The length over width ratios of these
fibers are very high} in éeneral, they will be over 100 to 1 for any
cemmercial and over 1,000 to 1 for good quality %sbestos. In contrast
to these.fibers, gimilar fibers (with shorter length/width ratios) can
be created by breaking up mineralé which have pri#matic cleavages.
Amphiboles have prismatic cleavages. Consequently, amphiboles can
be fractured into fibrous cleavage fragmeﬁts'which will resemble

> maturally grown asbestos fibers.

The crystal structures of some minerals are characterized
by weak atomic bonds across one certain plane . That plane may be so
weak that the minerél can easily be peeled into sheets, like in the
micas. In other minerals the weak plane may be stronger (yet weaker than
thelbonds in other directions) and, although, the mineral could not be
peeled into sheéets when an éttempt is made to break the mineral, it will
first break along that weakness plane, that is, along the cleavage

plane. The fragment of this mineral will be platy or tabular.
If a mineral has two cleavage planes it is said to have pris-

matic cleavage as the mineral will'first break along these planes,
and the resulting fragments will have prismatic shapes. If the two
cleavage planes are well éronounced the cleavage fragments may be
fibrous.

The crystal structure of the amphiboles are characterized by
the double chains of strong silicon-oxygen tetrahedra and the weak
iron-magnesium (etc.)-oxygen octahedral chains. WhenAthe>mineral is
subjected to stress it will break easiiy along plahés which are paral-
lel to the eilica tetrahedral plahes, and will break with difficultics
across these silica chains. There are two perfect cleavage planes,
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((110)) and «liO)L and one less perfect, ((100)), cleavage planes in

amphiboles.

. t/ A'{‘ ctoss section of silica chains
/S
NN

/40 /A

As

& NN

~

these three cleavage planes are all parallel with the 'silica

chains and the c-axis of amphiboles, all cleavage fragments will be

prismatic, and fregquently fibrous.
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APPENDIX, IXI
LIST OF THE MAJOR POTENTIALLY FIBROUS MINERAIL POLLUTANTS

The complete list of minerals which are known to occur in
asbestiform habit and/or can produce fibrous cleavage fragments would
be very extensive. The following list is restricted to those common
rock-forming silicates which are known to occur in asbestiform habit
and/or have a better than accidental chance to produce fibrous
cleavage fragments. Many of these minerals may be found in
association with chrysotile and amphibole asbestos. The following list
may provide first order information for their identification.

NOTE: At present, only a few fibrous minerals are known to pose
serious health hazards to human populations when small fibers
of such are inhaled or consumed in water or food. That small
number, however, may be  due to limited information on
the biological effects of most fibrous minerals rather than
on the'absence of their toxic propeities. Many of the other
fibrous minerals have physical and chemical properties’
compérable to known'hazardous species and it is conceivable
that some May be proven harmful in the future.

(1) The minerals which are known to occur in asbestiform habit
are capitalized and have the variety or commercial name(s) of their
asbestos form given in parenthesis below their mineral names.

(2) All chain silicdates have prismatic cleavages and,
consequently, may produce fibrous cleavage fragments.

(3) dnly a few layer silicates have been found to crystallize
in asbeStiform_habit, e.g.serpentines and talcs. "There is only one
good cleavage plane in the non-asbestiform layer silicates, {((001)),

which yields platy cleavage fragments. However, small fragments

can be broken along secondary, Weaker 'pianes,and-consequently,
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may produc? prismatic, or even fibrous cleavage fragments. (Especially,
_if fibers are defined as particles with 3/1 or hiéher length/width
aspect.)

(4) In most cases only one polytype of a minéral is given.
Either the most common polytype or the 1M or l-layer strﬁcture. In
éhlorites the old species-type mineral names are used rather

than the recently proposed structural names.
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CHAIN SIiLiCATES

MINERAL CRYSTALJ,OGRAPHY :
GROUP MINERAL } A ° 5
g3 (asbestos variety names) a,b,c, (), a,B8,Y,(®) CHEMICAL COMPOSITION (SIMPLIFIED)
: Space group
Enstatite 18.23,8.81,8.19 MgSiO3
Pbca
Hyperstene 18.24,8.38,5.21 (Fe,Mg)SiO3
Pbca
Diopside 9.73,8.91,5.25,8=105.83 CaMgsi,o,
. c2/c
i Hedenbergite 9.85,9.02,5.26,B=104.33 CaFeSiZO6
2 C2/c
% Johannsenite 9.83,9.04,5.27,8=105 CaMnsi, 0.
W
E C2/c
Augite 9.8,9.0,5.25,8~105 Ca(Mg,Fe,Al) (Al,8i) .0
26
c2/c
Spodumene 9.50,8.30,5.25,8=110.23 LiAlSi206
C2/c
Jadeite 9.50,8.61,5.24,B8=107.43 NaAlSi206
c2/c
Pigeonite 9.73,8.95,5.26,R=108.55 (Mg,Fe,Ca)(Mg,Fe)Si206
PZl/c ’ .
" Wollastonite 7.94,7.32,7.07,0=90.05 casio,
a Pl, B=95.29,v=102.46
Q .
& Pectolite 7.99,7.04,7.02,0=90.05 CaZNaHSiBO9
X Pl, B=95.29,v=102.46
2 .
E Rhodonite 7;66,12.27,6.68,a=86.0, MnSi03
P1, £=93.2,y=111.1
" ANTHOPHYLLITE 18.56,18.08,5.26 (Mg,Fe),7(OH,F)ZSi8022
ﬁ (Amosite, Prieskaite) Pnma ’
)
@ Gedrite 18.59,17.89,5.30 (Mg,Fe,Al) _(OCH,F).Si .0
= 7 278722
: Pnma
% Ferrogedrite 18.51,17.95,5.32 Fe AlZ(OH,F)z(Si,Al)SO

Pnma

5 22
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AMPHIBOLES

HOLMQUISTITE

CUMMINGTONITE
(Amosite, Montasite)

GRUNERITE
(Amosite, Montasite)

ACTINOLITE
(Asbestos, Amosite)

TREMOLITE
(Asbestos, Amosite)

HORNBLENDE
(Byssolite)
Edenite
TSCHERMAKITE
(Bedenite)
Pargasite
Hastingsite
Kaersutite
Barkevikite

Glaucophane

RIEBECKITE
(Crocidolite)

RICHTERITE

Katophorite

Eckermanite

Ar fvedsonite

18.36,17.75,5.29

Pnma
9.51,18.19,5.33,8=101.92
C2/m
9.56,18.30,5.35,R=101.87
C2/m
9.86,8.11,5.34,8=105.00
' C2/n
9.84,18.05,5.28,8=104.70
C2/m
9.87,18.01,5.33,B8=105.73
C2/m
9.9,18.0,5.3,8%105
. C2/m
9.9,18.0,5.3,B0105
C2/m
9.9,18.0,5.3,Bn105.5
c2/m
.94,18.01,5.34,8=104.92
C2/m
9.9,18.21,5.4,8v106
C2/m
9.9,18.34,5.34,8v106
C2/m
9.7,17.7,5.3,B870104
A C2/m
9.75,18.0,5.3,R8%103
©C2/m
9.82,17.96,5.27,R3=104.33

C2/m

°.7,17.7,5.3,8v104
C2/m

9.9,18.0,5.3,8v104
Cc2/m

. (a1 . .
AL12(Mg,Fe)3\A ,Fe)z(Oh,F)2818022

(Mg,Fe)7(OH)2818022

(Fe,Mg) (CH) 518022

Ca2(Mg,Fe) (CH,F) 818022

CazMgR(OH,-,2818)22

(Ca,Na,K)2

NaCa2Mg5(OH,F)2(Sl,Al)8022

Mg, , i
Caz(xg Al,Fe)S(OH F)2(S:L,Al)8022

NaCa2(Mg,A.L,Fe)S(OH,F)Z(Sl,Al)SO22

NaCaz(Fe,Al)S(OH,F)Z(81,51)8022

. \ -
(Ca,Na,K)3(Mg,Fe,T1)5(OH,O,F,2(S:L,AL)BO22

(Ca,Na,K)Q(Fe,Mg,Mn)S(OH,F)O(Si,Al)ZO

(
NazMgBAl {(OH F) S18022

NazFe (OH,TF) 818022

Na2Ca(Mg,Fe,Mn,Al)5(OH,F)2518022

Na2Ca(Fe,Al)5(OH,F) (i, Al)8022

(Na,Ca)(Fe,Mg,Al)S(OH,F)Z(Sl,Al) 0

3(Mg,Fe,Al)S(OH,F)z(aJ.,Al)SO

8722

g si,al) o
(Na,Ca)(Fe,Mﬂ,Al)5(0H,F)2( i )8 2

22

22
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~ LAY SILroayES

. Antiqorite

5.30,9.20,7.46,8=91.40

Mg, (OH) gSi O

5.4,9.42,d001=l9.l4

(Fe,Mg)6(OH)4(Si,Al,Fe)802

om 874710
Lizardite, 5.31,9.20,7.31,8=%0.00 (Mg,Fe)6(OH)8814OlO
- Cm
CHRYSOTILE 5.34,9.25,14.65,3=93.27 Mg6(OH)8Si4O6
2 «
e Chamosite 5.40,9.36,14.03,8=90.00 (Fe,Mg) . (OH) _Si_AlO
.g v 6 873 10
% : .
& AEmesite. 5.31,14.01 (n) (Mg,Al,Fe) . (OH) _(Si,Al) O
e P6 om 6 8 4710
0 ' 3
Greenalite 5.55,9.61,7.20,8=80.00 Fe<6(OH)8Sl4OlO
Cronstedtite 5.49,9.52,7.08(n),B=lO4f50 Fe6(OH)8(Si,Fe)4OlO
Cn '
Berthierite 5.41,9.33,6.82,8~104.50. (Fe,Al,Mg)G(OH)8(Si,A1)4OlO
Cm
.. = _ .
Kaolinite 5.15,8.95,7.39,0=91.8 'Al4(OH)SSl4OlO R
B=104‘5'Y90
Dickite 5.15,8.95,14.42,3=96.8 Al4(OH)8814OlO
E‘ Nacrite 3.15,8.96,43.O,B=9O.Q Al4(OH)BSl4OlO
5.
HALLOYSITE 5.2,8.9,10.1 AAl4(OH)8 814010'4H20
Donbassite (Na,Ca,Mg)Al4(OH)8513Alolo
TALC 5.27,92.12,18.85,R=100.25 Mg, (OH) ,Si_0
- . 6 4778720
- (Agalite) Cc2/c
O
3 . ; - .
§ Pyrophyllite 5.15,8.92,18.59,8=99.9 Al4(OH)4518020
C2/c
MINNESCTAITE

0

- 11,
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Muscovite 5.19,9.04,20.08,8=95.5 K2A14(OH,F)4SL6A12022
c2/c
Paragonite 5.13,8.89,18.92,8=95 Na2A14(OH)F816A1202O
c2/c
Glauconite 5.25,9.09,10.03,3v100 (K,Na,Ca)<2(Fe,Al,Mg)4(OH)4(Si,Al)SOzo'nHzo
Cm oxr C2/m
Phlogopite 5.3,9.2,10.3,8=100.0 K2(Mg,Fe)6(OH,F)4516A12020
. Cm
Biotite 5.3,9.2,10.2,8=100.0 K, (Mg,Fe,AL,Ti) (OH,F,0) , (Si,AL) ;O
0 Cm >
pe
& . . _ . .
= Lepidolite 5.3,9.2,10.2,B8=100.0 K2(L1,Al)<6(OH,F)4(Sl,Al)SO20
= Cm or C2/m
Zinnwaldite 5.27,9.09,10.07,8=100.0 K, (Fe,Li,Al) ; (F,0H) , (S1,81) 0,
' Cm
Margarite 5.13,8.92,19.50,R=95.0 Ca2A14(OH)4814A14O20
Cc2/c
Clintonite 5.21,9.02,12.24,8~95 Ca2(Mg,Fe,Al)6(OH)A(Si,Al)BO?O
c2/c . i i
Xanthophyllite 5.24,9.02,9.98,8=100.01 Ca, (Mg,Fe,Al)  (OH) , (Si,Al) L0,
Cm or C2/m : “
Stllpnomelane 5.40,8.42,12.12,8"93 (K,Na,Ca)(Fe,Mg,Mn)G_S(O,OH,HZO;4_8518020
Talc-chlorite 5.3,2.2,14.3,8n97 Mg3(OH)6Mg3(OH)2514O;O ‘
C2/m: ‘
0
B Penninite 5.2,9.2,28.6,8=96.9 Mg3(OH) ¢ (Mg /A1) ; (OH) (Sl,Al)4Ol4
) C2/m
Q
é Clinochlore 5.2,9.2,28.6,8=96.9 Mg (OH) (Mg,Al)_(0H)_Si_AlO
5 376 3772773710
C2/m
Prochlorite 5.36,9.28,28.4,8=97.15 Mg (OH)G(Mg,Fe,Al) (OH)Z(Si,Al) 0
c2/1 3 - 3 4710

9- 11



CLAYS

Illite
Montmorillonite

Vermiculite

Prehnite

Apophyllite

5.2,9.0,dool=9.95

5.23,9.06,vrbl

5.3,9.2,28.9,8=97.0

Cc
4.61,5.47,18.48
P2cm

9.00,15.84
P4/mnc

K

<1574

- .
(Ca,Na)(l(Al,Mg, e)4(OH)4(Sl,Al)

(Mg,Ca)<1(Mg,Fe,Al)6(OH)4(Si,Al)8O2

CaZAl(OH)ZSl3AlOlO

KrCa4818020'8H20

€S

Al (OH)4(Sl,Al)8O2

1T
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APPENDIX III
¢ COMMENTS ON SELECTED AREA ELECTRON DIFFRACTION

Electron diffraction patterés, combined with chemical analysis
(electron microprobe or energy dispersive x-ray spectrum) can be con-
sidered the most powerful identification technique for
micron-sized particles. Unfortunately, a thorough evaluation of
elecﬁron diffraction patterns is time-consuming and requires crys-
tallographic expertise.. For conclusive identification: selected area
electron diffraction patterns should be taken in two or more dif-
ferent and well-oriented lattice planes, and from these patterns, the
lattice parameters and the syséematic extinction patterns should be
calculated and determined. The former point requires that the electron
microscope be.equipped with a géniometer stage, allowing for the reorien-
tation of érystals. The electron diffraction patterns taken from
the selected lattice planes should be photographed to order to facilitate
the measurements and the interpretations of the patterns. This is
extremely time-consuming and requires a high level of crystallographic
training.

There is another problem in selected-area electron diffraction
techniques which enhances the difficulties in the interpretation
of the patterns. Because of the short wave length of rédiation
and’long focal distance the spheres of limit and reflection are
very ‘large. This_in turn allows the diffraction of reciprocal
lattice points which are near to but not exactly in fhe diffractiﬁg
reciprocal lattice plane. ,These diffractions will appear.as extra
épots in the pattern, which can destroy the characteristiq extinction

pattern of the mineral, may lead to measurements which are fractions

- 54 -
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of true reciprocai translatiocns, and can pose other confusing problems.
These patterns are further complicated if the crystals are com-
pletely horizontal or are not perfectly oriented, as a minor degree
of inclination can cause a different pattern of extra reciprocal
lattice points.

Due to the comélexity of the pattefns and to time and
special training involved in proper electron diffraction tech-
niques, most analytical laboratories (in fact, all of those
we have visited) take shortcuts. They look at the diffraction

patterns of crystals and conclude its identity on the basis

of apparent similarity with standards. That similafity is usvally
limited, in the case of the aﬁphiboles, to the presence of rows of
reciprocal lattice piints separated by an interplanar distance egquiva-
lent to dyg; =5.2 to 5.3 . Unfortunately, minerals may be mis-
identified using this method. For example, there are many minerals,
some containing the same chemical elements as amphiboles, which have
similar interplanar distances.in corresponding orientation (e.g.,

cummingtonite dpgy = 5.3, hyperstene d =5.2, olivine = 4.8,

001 %100

humites dogo = 4.8, minnesotaite digo = 5,4 i). Careful measure-
ments are needed to resolve a few tenths of ﬁngstrom differences in
these interplanar distances. That is further complicated by the fact
that not only different minerals can give siﬁilar patterns but that

the same mineral may give Strikingly different patterns in various

orientations.

In the following pages, the electron diffraction patterns

of grunerite-cummingtonite are given for various orientations (laying
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on crystal or cleavage faces) for electron microscope eguipped

with goniometer or have only a stationary stage. A certain arbi-
trarely chosen level of iﬁterference of additional reciprocal

lattice points is included in these patterns. Aithough they have been
checked against actual patterns obtaiﬂed from natural cummingtonite,
additional confirmation, and calcﬁlations of othér orientations

twins is necessary to insure their usefulness.



ELECTRON DIFFRACTION PATTERIS

(Subject to revision)

®

Direct space unit cell

101836
AP

Acicular crystal

Space group: C/2m

Grunerite (Fe Ma),(0H),S1,0,,
e s ke 2 a2

Assume camera constant 20
Scale of drawvings x50

Lengths given in millimeters

382w O
Cx

1t

Reciprocal

space

t
787
0‘;[;2/6_"'09‘01'1'

unit cell
o

a4 mm

IRIGA {00

The c-side centered space group requires the systematic

extinction of all those reciprocal lattice points where:

h + k # 2n  that is (h00)

(hk0) and (hkl)

is

If the electron microscope

(0kD) # 2n
h+ k # 2n

h # 2n

equipped with a goniometer the crystal can be ro-

tated into reciprocal lattice planes (left column of diagrams). If the crystal
cannot be rotated and the beam is perpendicular to a crystal face, but not to a
reciprocal lattice plane, nearby lattice pomts will ‘‘screen' through giving a

more complex pattern ( right column of diagrams).

[010] projection

The (010) face is
parallel with the (hOl)*
plane and perpendicular to

[010]* direction. Consequent-

SINGLE  CRYSTALS
al” (h01)* plane
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ly the pattern is the same
in a stationary stage microes

cope



(0k1)#* plane ' [lOO]'projection

oh ik i Eray oy L R pu - - - - g
o ppen ~ . o - 204 RN KR e T E Lot
% ) 5 : &
e e & o © © o e B T T T e
. . v [ BN (A Gt v
¢S Led cies DA A SRR ches S L3 s \ LR

[ Tl g Cit g ol i ol X Y Y
@ % @ e _» ® L@ e & o /] . & R =
1 il I} e S [1E}
2 ~ v -
'\':)'v“ P LEL :tf
e r\‘

e 6 6 e e

crystal tilted 11.83° crystal laying on (100) face

(h 4h 1)* plane [110] projection

Lt
.
§
0 ' T T R URNY SR £ B
oy Y S Y . ith T4 PULY Lt £ M -
e e e & e ¢ - @ -
= A
- - - t'«'(l .
ro! Tz 5T 2y i : S ‘
@ e Y @ s @ v e e
[N P
- - = 3
s 3 .y - . Taa T o s f?’
ot R A vl -
& c s @ . e . . o & - @
A Fas
' =
- 1 et ~o T
At . - Lo W P

, o ‘ |
- : 5 o . Nooe Y @ e .

crystal laying on (110)

cleavage face



(100 TWTIUHNS

{or [010] rotation twia)

(haf)* vlane or [010] projection {1007 projection
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crystal laying on (010) face ) cerystal laying on (100)

{lQO] projection
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Decreasing size of dots repre-
N sent decreasing probability for
e Gp @ o ' diffraction spots to be present.
Dots do not represent relative
relative intensities of diffrac-
tion.
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Calculations based on pre-
liminary data and assumptions
which need to be checked.
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ILLINOIS INSTITUTE OF TECHNOLOGY
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SUBJECT: Abbreviated !'inutes of MPCA Trip, December 17-19, 1975.
At 2:30 p.m. on December 17 we met with Dr. Colin Farwood of the

Illinois Institute of Technology (IIT) in Chicaqo. Also preéent

. were Tibor Kosa and Edward Pryzfﬁa of the MPCA, John Stockham

~

and Paul Siebert of IIT, and R.C. Woodland from the Chicago Field

Museum. Tibor Kosa began the meeting with a summary of MPCA's.

’

objectiwves and a statement of our purpose.

.

Dr. Harwood then.proceeded with a surmary of their handlina of

Air Quality samples. Specifically, we discussed the relative

merits of Millipor= and Nucleopore filters. IIT, under the di-

rection of Harwocod, is now beginning a study to provide a rigorous

~evaluation of sampling procedures. 2t this time, ther prefer to

Py

work with Millinore filters, épparently tecause thev have devoted
substantial time and effort to réfining their use. It seemed
generéliy accepted, but not with adeguate prééf in Harwood's
opinion, that there is gréater loss of the finer size distribution
of fibers ﬁith’Millipore filters compared to Nucleopore. This

is because the greater thickness of Millipbre (wﬁiﬁaﬂ élléws a
substantial.portipn of .very fine fibers to become‘imbeddéd within

the filter and therefore not be available for direct surface analvsis.

Durinag the diésolution of the filtér with acetone, the 150n filter

collapses to a thinner cgelatinous layer which contains the previouslv
embedded fibers. Dr. Harwood expressed concern that finer particles

may ke washed out at this stage, and that the concentration of the



final residue is lessened. In contrast, the Macleonore filter is
only 10u in thickness and most if not all size fractions of fibers

are captured at the filter surface.

’

When guestioned about the possible loss of fine fibers dﬁrina handlina
and storage between the time of sarple collection and tire of
C-ébating~and analysis, Dr. Harwqod was of the opinion that it was
minimal. He cited some inférgal_experiments thev did with gfossly
mishandleé Millipore filters that were not heavily loaded. He - said
that even by shaking the filter, it was_difficult to liberate fine
_fibers. This would not apply to Nucleopbre filters, however.‘ He
.felt that additions from settling of dust varticles, etc. from the
ambient air may be more of a problem. He had no reservations con-

cerning the representative nature of the 20 ERC samples that were

’

collected 18 months ago but which had not been received by IIT until

~
-

Decembef 15, 1975.

The problem of overloaded filters was discussed. Optimal loading of
approximately 5% of the filter'surface area results in the best
counting statistics. Most air quality samples have greater loading .

densities.

Harwood £hen summarized the criteria by which they identify fibers.
‘These are: .
1. Morpho;ogy (3/1 length-width ratio)
2. ﬂo;phology and electron diffraction

3. Morpholory and energy dispersive chenistry

4. lHorphology, electron diffraction, and chenistry



For a filter for which there is no additional information (source
of‘fibe%s, etc.), these criteria are listed in order of increasing
reliability and dertainty of identification.. Thé.point wés made
that if one knows that the source region limits_amphibole fibers,
‘then criterion 1 alone may have the same reliability as‘éke other
criteria. The suggestion was made with regard to some 500 EPA
samples collected in 1973 but for which no analytical work has been
doné}'that considerable savincs in cost could be'obtaine§~by re-
laxing criterion 4 (~~$500.00/sample). This sucggestion came after
considerable discussion on the interpretation of electron diffraction
patterns. The principle infprmation'derived from them at this time
‘is the identity of the 5.3 ingstrom cell dimension parallel to the
long axis of aﬁ amphibole fiber. This is sufficieﬁt to positively
identify a member of the amphibole mineral group with the exception
of accidental, random orientations of 6ther minefals. It is extremelf
unlikely that the combination of an elongate fiber orientation and
a 5.3 A £-axis repeat could be a mineral other fhan amphibole. The
problem-with electron diffraction for émphibole identification is
its sensitivity to fiber orientation, thickness, etc._ As a rQSult,
Dr. Harwood pointed out thét given a control samnle known to be 100%
amphibole, appliéation of the above 4 criteria would give. the fol-
lowing identifications:

Criterion l........ffls?v;Ji‘i o -

Criterion 2.....,.{.;25% |

+ Criterion 3.....404...45%
" Criterion 4..........less than 100%

As far as the Reserve air cuality samples are concerned, wvec know

that a lérgeAfraction of total fibers are amnhibole. Therefore,
‘ .
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perhaps the aetailed electron difffaction asnect'Af fiber count
analysis could be dispensed with at a savings of approximately
$150/sample. Im this manner, a great deal of machine time would be
saved as large scale photoéraphs could be taken and fiber concen-

traticoms determined from them directly. — . . ,

The gquestion came up concerning the validity of céunting only 100

fibers per sample. Harwood replied to this with the following‘graph;

: : . leo
| G No. of 4iburs >
Where the number of fields observed are each at 20,000 magnification.

What this graph means is that the number of fibers"in the first field
of view may vary according to where you are on the filter° But as
more amd more fieids ére observed, we gét a better average which
converges around 60 fibers counted. By the time lOOAfibers are
counted, the average has leveled off. of théée 100 fibers, 20 are
routinely -examimed by both electron diffiactign and energy-disnersive
chemistry. The choice of those 20 is made as best as possible over
the entire size range. Magnification and counfing at 20,000 times
was.given as optimal because fibers whose diaméters aré 200 g nay be'
counte<. These £ibers have a lencth of at least 600 2 (0.06n) and
regresent the lowar linit of dimensions counted. T"hen thé counting
ié done, each fiber is measured separately and reéorded over the

range 3.02p to greater than 5p so we can get any statistical hbreak-

down we like.
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Another interesting and imo»ortant develovrment was the fact that the
stancard U.I.C.C, amosite from South Afgica vives apparently sinale
crystal electron diffraction patterns. Dr. Harwood showed photbs

of a singlé fiber, eloncated zerhaps 30:1, from the standard and the
electron diffraction pattern from it. This anveared to be the pat-
tern of a sincle crvstal. The 5.3 A repeat wa§ chvicus. Theyw be-
lieved #his to be‘a_single crystal rather than a bundle of smaller
fibrils}ialthough it was pointedhcut that a bundle of fibrils would
colle&tively yield a discrete 5.3 A repeat providino all fibrils
shared a common C crystallocraphic axis. ~Dr. Harwood stated that
with long exposure and collection times, electron diffraction pat—
terns could be obtained on =ven. 200 A diameter fibers. Ee also
stated that "manv® of the snallér (less thahv%p diémeter)\fibers

gave good sincle crystal diffraction patterns.

Thefé are some important implications to these observations. It
appears ﬁhat perhaps a sigrificant fraction of cormercial amosite
asbestos may be broken down or disacgrecated to individual, single'
crystal fibers. That is; at diameters below lu, some of>the U.I1.Cc.C..

amosite no longer consists of bundles of fibers (and therefore as-

3

bestiform material) but rather single crystal fibers to which no
apparent form of crowth habit remains. This means that.they may be
\then idéntical in physical properties to liberated amphibole cleavace
fragments in the_same sizé range found at both Komestaké'and Reserve.
However, the surface properties of the natural single fibers may
still be different from that of the fracture fragments and that dis-

tinction may be significant.

At this point in the discussion Paul Siebert broucht in some hand

e e e e BT R T i N b b
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‘ speéimens of material collected mainly at the east end of the Peter
Mitchell Pit. They had photoagranhs of the collecting site which
admittedly was above tﬁe ore zone currently bging mined. This material
consisted of a monominefaiic aggrecate of fibers which from their
outward appearance looked like a brownish amphibéle. In detail, the
most notable feature was the prresence Qf bundles of flexible fibers
ranging frdmiabout 1 to 3 mm in léngth. “hese bdndles could be bent
over with the tip of a rencil and they would spring backelastically.

They did not display the brittle behavior one would anticipate if
these were the normal single crystals more commonly found in the Peter
Mitchell Pit. This is clearly the most asbestiform material we

‘have observed to date from the Reserve Mining operation.

This specific sample waé faken from a vein that, according to Dr.
Wooaland, was crosscutting the compositional layerincg o@fthe sur-
rounding rocks. The veig:was described as extending "a few hundred
meters" along the Qertical wall. As a vein, we can anticipate the
possibility that it maf noﬁ, or may have previously,vextended across
the region of mined ore. It was agreed that a field trin to %he
Peter Mitchell Pit aé early as pcssible in the spring would be worth-
while in order to determine whether this material may be présent in

- the ore.

Soﬁe attempt waé made by the IIT group to.positively iaentify this
material by comparing its chemistry, as determined by the eneray
dispersive method, to standard U.I.I.C amosite and crysotile whose
chemistries are well knoﬁn. Their breliminary cdata was difficult to

evaluate because the analytical data was normalized to constant Si

/
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and they had in
" . ¢

~did hawve high Ca, suguesting actinolite or hornblende. 2 small

trumental problems with Al. The unknown samnle

63}

sample was obtained for an electron microprobe analysis at the

University of Minnesota.

The x-ray powder diffraction pattern of these asbestiform fibers,
taken bw Paul Sisbert, was found to be significantly different
from both actinoilite-tremolite and cummingtonite-grunerite. The

2

X-ray study will be checked at the U of M on the material brought

home.

IIT personnel wers pianning to feed this asbestiform mineral to
animals to detect its cancerogenié effect. They werg'advised,

hoviever, to be cautious 2g this material is different from the

cummingtonite-grunerite found'in'the ore andicbuld be labelled

non-representative. |

A finai note of iInterest was a report IIT prepared for Reserve
-Mining in fhe fail of i973. "Several hundred” ai& cguality saﬁples
wéreAsubmitted by Reserve for fiber counting:“’These analyses were
pérformed and th= results submitted to Reservé.' Dr. Harwood's
recollection was that "there were lots of fibers present". What
has héppened to this report and was it ever submitted to the court

+

as scientific data?

The meeting adjourned at approximately -6:30 pm;
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- NATIONAL iNSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH

At 11:15 am of the following day we met with the NIOSH group in
Cincinnati. Present from 2ICSH were Dr. Joseph “agoner, John Dement
A3

and Dick Lemen. The MPCA contingent from the previous day was also

present. o ‘ " , : |

Tibor Kosa ana Ed Pryzina 1ed off with a brief summary of our in-
tentiéns and an assurance thét this was to bé an open sciéntific
discussion. Tibor Kosa summarized 2 princivle problems of the

Reserve issue, ﬁamely 1) tke air péllqtion and 2), the water pollution.
Dr. Wagoner guickly added a third major problem of occupational

hazards at Reserve.

Dr. Wagoner then summarized the historv of his involvement in thé
case.‘ In 1973, he testified in court about some epidemiological
aspects of: ’

1. multiplicity of organ syétems

2. fiber carcinogemieﬁy

3. minimal levels ©of dose responses.
His conclusion based on the =vidence at that time was that an excess
: /
risk of lung cancer existed for workers exposed to asbestos fibers,

but that no minimum (presumably safe) levels of exposure could bhe

established at that time. . ‘ v

Dr. Wagoner then summarized the lack of cooperation on the part of
Homestake with regard to the recent NIOSH study. ‘A similar study

had been suggested by Reserwe-in 1973 and appareﬁtly Dr. D. MacDonald
of McGill University was planning to do the study of mortality patterns

among Homestake Mine workers. But apparently MacDonald. would only

R
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do the study, and would only testirfy to the results if it were at

the Court's request. Reserve appacently felt that this request

was unreasonable, and the study was never completed.

After the NIOSH study was compléted, the’results were presented on

‘March 17, 1975 at a 4~-day conference on Oécupational Carcinogenesis.
One of the sessions was devoted to fiber carcinogenegis., The popu-
‘lation of miners studied at Homestake was restricted to those which:

1. had at least 5 years of underground exvosure at Homestake, and

- 2. -had no previous mining exposure.
The details of this study were not generaily reviewed, but Dx.
Wagoner concludes that because of the inhalation of airbprne
cummingtonite-~grunerite cleavace fraagments, there exists an excess
of risk 6f respifatory't:aci cancer among these‘workers,'.The c5n~
ference at whi¢h the paper was presented was interhational in Scopé,
and wasbwell~attepded by industrial representatives. IThen this paper
is formally.published in the Proceedings of the New York Acadeny
~of Scieﬁces, there is space Qlanned for critical comments by Kotin,
et. al. onthe condition that Wagoner be‘able to comment on these
criticisms. ~This is apparently unresolved as yet but Wagoner seemed

guite confident that the NIOSH study will stand up to anv criticisms.

Several specific questions were raised concerning the criticisms
of the NIOSH paper. The most notable of these were:

1. Q: Why was the identity of.the control group for the Homestake

A: The reason given was that although the general
white make population rates for the country were used first, there

still exited an excess risk of respiratory tract cancer. The control



group was later changed to the South Dakotalwhité male population
becaus2 this was thouoht to be nore fepresentative. With the new
contral group, the risk was greater.

2. 9: If the inhaled amphibole fibers (derived fromvamosite)
at commercial amosite factories are identical to those at either .

Reserva or Homesiake, then why are the mortalitv patterns so different?

hk_-v &{rmTwo re§§onsté£é given. The firgt'isrﬁﬁat the study gfoups
differed in the total lengﬁh of exp;é&fé. .At Honestake, the 20 year
fraction of the study consisted oniy of those workers for which 20
years had elapsed since first exposure. At Patterson, N. J., however,
the 20 wear fraction consisted‘énly of éhése workers for which 20 |
'§ears aof continusus exposure had elapsed. So ﬁhe risk factor in

.

comnercial facteries was maximized.

The second reasocn given was that the standard mortality rate (SMR)
for Patterson, W. J. factory workers and Homestake miners may differ
significantly. This was illustrated by Dr. Wagoner with the fol-

lowing graph: -

\ —
obﬁévut&V<%vL§&¥3 wolier W N
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The point of this was to show qualitatively that because of poor

living conditions, polluted air, etc., a  typical amosite factory
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WO;ker in ﬁ.J. is not as healthy at time = d-as é similar worker in
South Dakota. Both populations require a certain-lead time before
possible car01nogenlc effects can be observed. In the case of the
Homestake study, it was taken as 5 years. |

3._ Q: Where is the excess gastrofintQStinal {GI) tract cancer
and mesothelioma at Homestake" None are.repérted.éuﬁdof»70 deaths
studied, yet several are reported from amosite factory workers.

A: Dr. Wagoner's answer to this was that the risk factor
for GI cancer is much less than for reSpiraﬁory tract cancer and
the sLudy population at Home%take just is not large enough.

Mesothelloma, on the other hand, has a much longer incubation

period and it may still be coming.

4. Q¥ How does one know for certain that Arsenic doess not cause

" the excess risk of respiratory tract cancer at Homestake?

A: the answer given by Drs. Wagoner and Lemen was that the
cancer rate in a mining population at Butte, Montana (previous NIOSH
study) was about the same,or somewhat less than that at Homestake,

S.D., yet the Arsenic content of the ore is 3-5% compared to Homestake.

Therefore, Arsenic alone cannot be the cause of the excess cancers

at Homestake.

5. Q: How does one know for certain that airborne silica dust
at Homestake could not cause the excess risk of respiratory cancer?

A. The answer given by Dr. Wagoner was that there is no existing

study that shows excess riskhof respiratory tract cancer to silica dust
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at any concentration. Besides, silicon concentrations at Homestake
are. low.

6. Q: Are therc statlbtlcb available cn miners working in under-
ground operations where the conditions are identical (or very similar)
to Homestake, except for the absence of fibrous aﬁphiboles? o
. A.‘ Dr. Wagoner responded that,.unfortunately, there is no such

record available. However, two miﬁes that may be bompared with Homestake
ares a'b@tash mine and Buﬁte. Atjtﬁé potasﬂ ﬁiﬁé the éénéer rate
was significantly lower than at Homéstake; At Butte, the cancer
rate was similar to that of Homestake. It is believed, howeve:;
that the excess cancer at Butte can be cdﬁtributed to arsenic.'
| 7.4 Q: Dr. Selikoff said, when analyzing some statistical date
of amosite workers based on the study of about 900 persons, that
statistics based‘én such small numbers is unstable and unreliable
(Tf&ns. Proc., Sept. 18, 1973, p-4,66l—). The number of peoPie studied
at ﬂomestake is less than half of that. would the instabilitv of

small number statlstlcs apply to. Homestake°

e R I AT Ll

VA: Dr. Wagoner responded that he has confldence in the
validity of the Homestake statistics, in. spite of the "small n&mbers",
and does not agree with that statement of Dr. Selikoff.

8. Q: Another gquestion at thié point was asked concerningv£he

chest x-ray study of the Homestake Workers'that'NIOSH is doing.

A: Apparently the x-rays are of poor quality, many taken under
field conditions and therefore ambiguous to interpret. br. Wagoner did
make the comment that there is no proven relationship between asbestosis
and lung cancer. That is, an individual need not develOp.ésbestosis

«

before he can develop lung cancer.

A discussion developed around how good the control groupn was for the
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Homestake study. Dr. Vagoner stated that ideal%y‘yéu want a control
group that is exposed to the same confournding parameters as the mine
workers. That is, if the concept of excess risk is to havé full
meaning, then if 1/2 of the miners smoke, then 1/2 of the general
public shculd smoke for'comparisons to be best made. In general, a
laboratory control group is undesirable bécause'the general nublic
to whom these comparisons-are made are not subject to laboratory

controls.

'Lastly, Dr. Wagoner conciuded that we have no sclentific data avail-:
-able aé vet to state what safe exposure lévels.of ai;borne ampﬁibole
fibers are. We do have data, however, that‘show what pﬁsafe ievels
are. And in Dr. Wagoner's opinion, the airborne concentrations at
Homestake afe unsafe. Perhaps much lower concentrations are also
unsafe, but we do not know as yet.

.Following these'discussions, our session with the NIOSH group centéred
around Dr. Dement who is responsible for the electron microscopy}

He has carefully examined the international amosite standards (U.I.C.C.
standards) and~samples’of'amosite asbestos from Patterson, N;J., and
Tyler, Texaé. He stated that the minimum fiber éiameter they have
seen is 500 A (0.05n) and that none of their fiber counts exténd

below that limit. He also stated\that cerﬁainly'in this size range
 and perhaps up to 1n diametér amosite fibers, the fibers'give sinale
crystal diffraction patterns. That is, they no longer consist of a
bundle of fibers but rather of single crystalé.. This seems to sub-
stantiate the suspicion discussed at IIT, on the previous day, that

at the size ievel of fiber inhalation (commonly less than lu diameter) ,

the physi;al‘properties that distincuish amosite from amphibole



cleavage fraéments are, on the basis of current observations,
non-existent. The entire WIOSH croup present agreed that there
exists no detectable differences between inhaled’fibers at amosite
asbeétos factories and thoée inhaled at either Homestake or Reserve.
However, they accepted'the possibility that the nétu;al asbestos fi-
bers may have different surface properﬁies, even in small (4L lu dia.)
sizes, or may even have unigue (cgclic twined) deﬁailed structures
which may result in differences of some properties when'cgmpared

-

to fibrous cleavage fragments.

The misuse of mineralogical terminoleogy wés also discussed. It

was pointed out that the term "asbestiform" is a description of
cfystal habit, and refers to minerals if and when they créstallize-

as asbestos. The fibrous fracture fragments at.Hémesﬁakel(and at
Resérve) did not crystallize in asbestiform habit, the fibers were
created by crushing and cfinding. They should be referred to as
“"fibrous amphibole fraagments” rather than as “asbéstiform‘amphibbles”,

Drs. Wagoner and Dement have conceded that the term is misused and

it would be appropriate to get the terminolocv straightened out.

It was suggested that it would be advantageous to- émphasize that

the fibers at Homestake are fracture fragments, instead of insistinc

on that they are asbestos and.amosite. Beéides ﬁhe fact that amosite
i

is not a mineral - (it has been discredited. Am. Mineral. 34, 1949,

P. 339) and the asbestos marketed under the name amosite mayv be

mineraldgically actinolite-tremolite and/or ferroanthophyliite as

well as cummingtonite-grunerite. It would be unwiée to tie all

of the arguments of the Homestake study to "identicity" with amosite

asbestos and risk the consequent destruction of the validity of all

arguments where and if somebody comes forth with a proof that significant
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‘differences exist between asbestos and fracture fragment fibers.

Instead of just "asbestos" we should extend our category of
carcinggenic fibers to "asbestos and fibrous fragments of minerals
which may crystallize in asbestiform", that is if the latter
categoxry of fibexr is proven to be carcinogenic. The>NIOSH pecple
agreed that that may be very advantageous. The meeting was

adjourmed at 3:15 p.m.
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MOUNT SINAZXL SCHOOL OF MEDICINE

At 9:30 a.m. on December 19, 1875, wé met with the Mt. SiﬁaiAGroup in
Environmental Medicine. Present were Tibor Xosa, Ed Pryzina from
the MPCA and Dave Gray and Xyle Bishop fron the Depﬁ. of Health.

‘The Mt. Sinai group was represented by m. Nicholsén, Art Langer,
Art Rohl and Steve Shirey.

Tibor Kosa begaﬁ with a éummary of our ébﬁectives and a sfatement
‘thaﬁ invthe'absence~of lawyers and judges, we hoped for a purely

scientific discussion of important problems.

Dr. Nicholson began by summarizing their sample preparation pro-
cedures. He»noted that sericus fiber loss problems exist Qith all
techniques presently used in labs across the country. . His own
previous analyses have had lcsses up teo 90% due to resuépension
problems. His present "rﬁb—odt" techniéue loses 50% of total'
fibers during handling. He stated that manv previous court samnles
have fibef concentrations so low due to analyticai loss to be

» "essentially meaningless". The criteria used bj the Mt. Sinai oroup
to identify amphibole fibers.are‘the same as other labs, but they
aré applied more rigorousiy; Specifically, a fiber is not counted
as an amphibole unless it has tﬁe correct morphologyA(i.e.; 3 to1l

length to width) and electron diffraction pattern with its-
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characteristic 5.3 A repeat. Rigorous application of these criterisa
attomatically excludes a larce number of amphiboles from the final
fiber concentration. The reason for this is that.electron diffraction
cannot be rapidly obtained for fibers whose diameter is less thag
1,000 A (0.1p). This is because the electron dénsity.is too weak

and a photographic plate must be used to collect intensities. 1In
‘prinéiple, this procedure can produce electron diffraction for
smallerffibers,.it is not routihely done because of the time invoi&ed.
rTherefore} the Mt. Sinai total fiber concentrations do not include
fibers whose diameters are less than 0.ln, or whose length is less
than 0.3u. In many air quality samplés,.fhis procedure ignores at
deast 50% of the fibers p£esent, This means that all Mt. Sinai fiber
~coun£s are at least a factor of 2 too low on this basis alone. This
proceduie élso excludes largerxaméhibole fibers that are too thick
for analysis. Tﬁe electron beam mﬁst'be able to'fully penétraté the
fiber for selected area diffraction mode. As this limit is ap-
proxiﬁately 0.2n, all fibers whose diameters exceed this liﬁit are

also excluded from the fiber count unless a thin edge of the fiber

can be found. K ' ‘ ‘ o o

Contrary to previous written statements, this procedure for fiber
coﬁnting differs from other groups. For.example, both HWIOSH and

IIT count 100 total fibers per'sample in all size ranges and the
dimensions of each of these are recoréed. Of these, 20 fibers or

5% are examined.forvelectron diffraction and/or enerqy dispersive
lchemistry. I1f, for exanplé, 50% of these 20 fibers give'amphibole
diffréction and/or chemistfy, then 50% Of‘the total numbér of fibers

\

is counted as definite amphibole.
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This difference of counting procedufes between laboratories is re-~
flected in the comparative median fiber dimensions repoxted for
identical filter analyses. In samples with a sigﬁificant small size
fractiom, the Mt. Sinz2i median values (as many fibers above that
Value as below) are higher than NIOSH or IIT. It is for this reascn
that the essentizallv identical fiber concéntratibhs for the Homestake
Mine and Silvér Bay reported in the Homestake MNIOSE study must be
fortuitﬁdsl For zeasons to be sﬁmmarizea later, each lab-revorts

a different minimum concentration. The "real" fiber concentrations
must be factors kigher, and the appropriate factor varies from lab

to lab.

Dr. Nicholson further indicated that his current counting proce-

dures are low by an additional factor of 2 because of loss due to

1

resuspension in the rub-out technique. EHe corrects for this in
his final concentzations but does not correct for the exclusion o%
smail fibers menticnedearlier. Nicholson élso eétimates that the
loss of fibers by *he acetone-dissolutiﬁn procedure used by NIOSQ
and ITT could be as higﬁ as 75% to 90%. Colin Harwood at IIT did

say ‘there was "sukstantial®™ loss of srall fibers in his technique

~

but would not estimate the percené until they had done further studies.

A discussion then.extehded,around the dependénéerof carcindqenic
effects of amphiﬁale fibe:é on dimensions of the fibers. Dr. Langer
alluded to one of his own studies in which it had been shown that
amosite workers im S. African mines exposed to smaller»(less than
0.2n diameter) fiber dust have hicgher incidénce'of mesotheliomna.

Dr. Langer drew a graph of the size distribution of fibers actually
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observed and counted in diseased lung tissue of Patterson, N.J.

amosite workers.
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Dr. Langer further stated that in all amosite factories in which
‘lung tissue has been exarined, 95% of the amrhibole fibers are less
‘than 5u in length, and therefore the present MESA Standard of so

’

many fibers greater than 5u in length is rather ridiculous.

) ‘ ' , -
Dr. Langer sneculated at this point on why the smaller size fraction
>.may be biologically more active. Certain cleavaqe Dlaneq in mlneralg
have higher surface energies than others. Those with hichest surface
enérgy occur ‘infregquently in nature because thev are highly réactive
and therefore are eliminated by surface adsorption, development of
asbestiform habit, etc. But fine crushing of these fibers by man
produces large numbers of cleavave fragments having high surface
energies and these are more abundant in the smallest size fraction.
These also are biologically most active and tterefore are likely to

do more damage to tissue.

The discussion moved on to the specific comparison cof fibers found
in commercial amosite factories with fibers found at Silver Bay and

vicinity; Dr. Langer pointed out that the abundance of small fibers
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(previows graph) found in diseased tissue from Patterson are es-

sentially 100% single crystal fragments as determined by electron

diffraction. (Later in the afternoon we actuallv observed somne :

diseased tissue by electron microscopy and there remained no doubt

that the fibers were indeed amvhibole and that manv of them cave

i Pt s T

very good single crystal diffraction patterns. This discussion was

further hichlighted by some photoqraphs of diseased lunc tissue of

a nun from Duluth, Minnesota. It..contained many amphibole fibers,

s o Ty i T A

and an electron diffraction photograph of one fiber showed a good

singie crystal pattern.)

/
Considerable discussion centered on this topic because of alleged

(court Testimony by Reserve) differences between the fibers of

"amosite® found in édmmercial factory workers and the Single_cleavagé
fragments found in both air and water samples from the Duluth—silvey
Bay areaz and at Homestake. These differences QereAbased.on the
macroscapic properties of commercial amosite asbestosvwhich includeé
tests far flexibility, tensile .strength, etc. These properties,

however, are imparted to amosite asbestos by the asbestiform habit,

That is, asbestiform refers to parallel )
"bundles of apparently singleicrystals, and in the case of amosite,
bgnd;es consisting of a large nurmber of individﬁal single crvstals
whose diameters average about 0.10-0.2u. The ééssible differences :
between the apéafently singie crystals of asbestos fibers and the

single crystals of fibrous cleavage fracments were discussed. Al- 5

though there is no evidence available it is possible that the small

R

apparen#%ly single crystal fibers of natural asbestos may have different

SRx teereoe

surface stfucture and thus different surface proverties. Dr. Langer

. b
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- pointed out ‘that the biological effects of gquartz grains afe known
to depend on'their surface proPertieé and their electrostatic
balance, and that the difference may be significant. Dr. Langer
also accepted the possibility that these apparently single crystals
may be composed of cyclic (cylinder like) twines. Dr. Langer
mentioned at this point thatvthe amosite single crystals have an
unexpectedfsquare cross—section which may support this possibility.
Unfortunatély the surface properties and structures of fibers of
that size are either very difficult, if not impossilbe to determine.
The possiblilty of twiniﬁg, hoWever, can a;d should be checked by

available crystallographic methods.

At this point, the subject changed over to the Hormestake study and
the problem of the abéence gf GI tract'cahcer and.;esothélioma; It
‘was pointed out that medical experiments with rat oopulations has
failed to produce GI tract cancer by lab inges£ion of amphibole
fibers. The same is apparently true of arsenic in controlled

laboratory experiments. Mesothelioma, on the other hand, has a lonaga

incubation period and for that reason it may not yet have occurred

at Homestake. The question was raised whe£her the general conditions
in an underground mine (had air fumes, exhaust, eté.) could by them-
selves be responsible for a}slight increase in respirétory cancer.
Dr. Nicholson respondea by stating that there is some evidence

that that may be as high as 2-fold.

The question of the improper use of mineralogical terms, such as
(1] . . . s . N . B . .
asbestiform", was discussed in a fachion similar to that discussion

in Cincinnati. There.was an agreement between Dr. Lanver and us

Y

S e e



that was close to 5.5 i.

that we shall make all attempts to'clarify that and work out the
details of proper terminology, in close cooperation., Dr. Nicholson |

also acknowledoed that the term "asbestiform" has been misused.

Lastly, Tibor Kcsa posed the specific cuestion to Dr. Nicholson
concerning the change in identity of fibers observed in stack samples
from Hamna Mining operations. Ve looked at photoéraphs of the material
and there is no doubt that many fibers are present. Most are stuﬁby,
howe&er, with the average'havingipe;péps just 3 to 1 elongation.

There ware few that were elongated as much as 5 to 1 in contrast to

a typical amphibcle fiber sample. More convincing were the elec-

tron diffraction patterns. None of these gave the characteristic

’
~

& ~ s ' . .
5.3 A repeat and monoclinic svrmetrv. Instead, a close examination ,

showed an appareni hexagonal symmetry and a predominant spacing

RIS B T

It seems clear that retraction of his earlier identification of the fibers

at Hanna was appropriate. It looks like a case of an honest scientific
mistake. A technician does most if not all of the fiber counting and

electronr diffraction and Dr. Nicholson checks over the data once it is

collected. It must have been checked over in a great hurry for such

" an obvious error of fact to occur. It seems fair to say that this

unfortunate incident should not reflect poorly,bh the quality of
operaticms in the Mt. Sinai iaboratofy. The entire MPCA group was
left verwy favorably impressed with the scientific quality of the
actual work tha£ i5 being done.. More care should be taken in pre-
paring acéuréte, dbcumented and well-written repbrts; however .
Finally,., the proposed 2-week sampling program was discussed. Dr.
Nicholson made the comment that rather fhén obtain the maximum

number ¢f new fiber analyses bv several labs, fime and money would
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§ be well spent on a series of duplicate samples by several collecting
methods to enable more valid compariscons to be made between existing

? data. For example, run simultaneous nuclepore and millipore at

the same locality, and verhaps change filters more freguently to

lessen the fiber overlcad problem.

The visit at Mt. Sinai School of Medicine was formallv concluded

: at 3:30 p.m. However, informal discussions were carried out between

L individuals till about 5:00 p.m.
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¢ ' McMASTER UNIVERSITY
Tibor Zoltai visited, independently, with Dr. James Kramer and

Otto Murdoch on December 22, 1975, from 9:00 a.m. to 2:00 p.m.,

at McMaster University.

The electron microscope laboratory of McMéster ﬁnivérsity is among
the best,equipped and organized I have seen recently. The sarmple
preparation and preliminary examination e@uipment are locateé in
the Qéology Departmeﬁt and ‘the micrbscopesvin ﬁhe‘Mgaigal.Scthi.
Mr. Otto Murdoch islin charge of the fiber analyéis section, in-

- cluding sample preparation and microscope analysié. He is un-

doubtedly a well qualified and competent analyst. Apparently, he

is,.in part, reépdnSible for the“develophent gf the.McMastér technique..
(1) Sample preparation: h

The sample is renoved from the filter paper and is
suspenaed in)water by ultrasonic vibration (frequency: uo
to 36,000 pulses per ninute). 7

EEEEE’ They had difficulties to obtain clean water.
The local public water supplies (Toroﬁto, Hamilﬁon, Dundas)
all contain 2-3 million fibers pef liter. They exverienced
similar problems with dis?illed water, before they  found

some clean spring. water.

Fiber fractures: They feel confident that the ultra-

'sonic vibration does not break up natural asbestos fibers.

" However, they admit that some fibroﬁs‘cleavage fraaments,



if previowusly cracked, may break up. Thev have no quanti-

tative data to estimate the magnitude of fiber breakage .

(2) Fibar loss:

Mr. Murdoch has conducted experiments to compare his

-

technique with the "cold finger" procedure.of I.I.T. and

- the "rubout" technique of Mt. Sinai. He claims that hoth

thé "cold finger" proceéé has about 40-60% fiber ioéses, and
the frubmnt" process can have losses between 30-86%. In
addition to that the latter is unreproduceable. The fiber loss
at MclMaster is eétimated to Ee less than 10%.

Conironl: They check the fiber loss in the sample
preparéti@n by taking an‘é—ray fluorescence speétrum (for

&% § ramtp

85i, Al M Fe, Ca, Na gtc.) of the filter both before and
after the uwltrasonic process.

{3) Fiber mounting:

, Two microscope screens are mounted for each sample by

1 .

placing & 1 ul drop of the fiber-containing water on each
microscopic screen with an automatic pipette, usinc a clean
funnel tip each time - there is no information available

concernimg the loss of fibers in the pipette tips.

F

e . . . . . A

e e e - .-

Distribution of fibers on the screen: The drop of water

dries in a few hours. If the screen is ket right—-side up
the fibers will be concentrated around the edoe. If the
screen is dried in an upside down position the fiber dis-

tributiox will be reasonably even.

]
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(4) Electron microscove:

McMaster has three Phillips 300 transmission and a
scanning electron microscope. The transmission microscopes
are equipped with electron diffraction modes and by energy-
dispersive x-ray analyzers. The latter is connected to a
cémputer for evaluation.

(5) Fiber counts: -

Vo In each microscope screen they take a diagonal - (or
radial) row of grids and count all fibers found. Their

[<]
minimum size of fibers determined is in order of 250 A

(="02.5 n). They take both electfon diffraction and energy-
dispersive x-ray spectra on a certain portion of fibers.
Their counting procedures are similar to those used by
others. However, they may be less discriminatory than
Mount Sinai* That is, their amphibole fiber counts include

both amphlboles and possible amphlboles

The personnel at McNaster have exnressed concern about the Qlffl—

culties associated with the conclusive identification of electron

diffraction patterns.

In conclusion, I believe that the McMaster electron microscope labo-

ratory is among the best and most dependable. Their usually high

fiber counts seem to be, primarily due to less fiber loss in sample

preparation, secondarily to a less discriminatory acceptance of

amphibocles in- the count, and tertiary to possible breakage of fibers

in the ultrasonic treatment. o ‘ L R



-~ 27 -
\’Y
NATIONAL WATER QUALITY TABORATORIES

on Jénuary &, 1975, between 11:00 a.m. and 3:00 p.m. we
visited thé National Water Quality Laboratory in Duluth. Present
at the meetings were Gary Eckhardt, of MéCA, Tibor Zoltai and James
Stout, consultants to MPCA, and Dave Gray, Kyle Bishop and Steven
Ring representing the Minnescota Department of Public Health. This

group met at 12 noon with Phil Cook, of EPA, to discuss analytical

o A
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procedureé and problems concerning* fiber counts.

Phil Cook proceeded to run through their routine for gathering
and handling samples. EPA prefers nuclepPIe filters because with
proper loading the transfer prbblems are'minimized. When they find
it necessary to transfer and refilter, they use a low temperature
asher in a cleén lab. When askéd what the probable percentage loss
of fibers Qas with this procedure, Phil was reluctant to report a
figure. He believed the number would -be less than the facﬁor of four
reported by the Mt. Sinai group. Dave Gray and Kyle Bishop, from
theif own experience, were concerned that there could be significgnt
losses in the ashing process. A

As far as actual fiber counting is concerned, Phil Cookfand
his staff count all fibers, whether inorganic or organic. They
need only have at least a 3 to 1 length-width aspect ratio. Thé
only fibers counted as amphibole are thoéé that meet the following
criteria:

1. Have 3 to 1 length-width ratio,

2. Display an electron diffraction pattern that either

météhes or is very similar to the pattern of standard
" cummingtonite. | |
With,;egérd to criterion 2, recognition of the cumﬁingtonife

bPattern is based on the presence of a 5.3 Angstrom repeat in the



recipracal lattices parallel to the c-crystallegraphic axis, or the
direction of fiber eleongation, and the usual appearance in the
perpendicular direction of more closely spaced diffraction spots
corresponding te the a* and b* reciprocal lattice points. Tﬁese
patterns are nct measured becauée of the time required for each
fiber. Accordimg to Phil Cook, the time éresentl& required to ob-
tain & statistical fiber count‘is approximately 16 hours per sample.
When asked how he interpréts the electron diffraction patterns,
Phil main;ained that it was unnecessary to measure each diffraction
pattern because sxperience has shown that in every case, the energy
dispersive‘analysis revealed the fiber té be amphibole, He admitted
that If the sample were completely foreign, he would be very careful

to interpret both the electron diffraction pattern and energy dis-

o

pereive spectra.
It was also made clear at this meeting that there is no lower
cut—off.limit on f£iber counting. All fibers are counted down to
the resolution of the electron microscope. Phil disﬁributed-copies
of an outline of %their handling and fiber counting procedures.
Phil Cook then guided us thrbugh the electron microscope lab.
It seemed very clean and orderly. In the in;trument was a tailings
overfiopw sample f£rom Silver Bay. There were}bbvious fibers present,
many of them showing recognizable amphibole fbrm and cleavage. In
pa;ticular, some fibers displayed a "dovetail" morphology due to
intersecting (001) cleavége faces where the'(lOO) twinning was ap-
parenttiy present. Electron diffractionvpattérns were obtained for
severzl single crystals and twinned cfystals were'dbtained. A prelimi-
tary examinaticon of the diffraction photogrEPhs sent to us by Phil

Cook’ confirmed this interpretation.





