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ABSTRACT

An investigation was conducted on the relationships between a
number of clastic lens-shaped bodies and a portion of the Negaunee
Iron Formation, The principal study area was located at the abandoned
Moore Mine in the Palmer Range, a downfaulted block on the southern
flank of the Marquette Synclinorium, approximately 12 miles south of
Negaunee, Michigan., Here the iron formation is continuously exposed
in cross-sectional profile along its strike for a distance of 0,3 mile,

More than forty clastic lenses ranging from a foot to over three
hundred feet in length and up to fifty feet in width were mapped in
detail, The depositional relationships between the lenses and the
iron formation are varied; the majority of lenses are essentially
conformable with the iron formation, Some of the conformable lenses
are gradational at their lateral boundaries, some exhibit miniaturized
on-lap off-lap features, while others have merely warped the under-
lying layers of iron formation., The unconformable lenses are of three
types: channel fills, isclated blocks, and oblique gradations,

The iron formation contains a two percent background of rounded
sand grains which are equally dispersed among the chert and hematite
layers, This percentage of sand grains is observed to increase notice-
ably when a clastic lens is approached from beneath,

The clastics consist of metamorphized mixtures of rounded and
angular fragments of chert, hematite, quartz, quartzite and granite,
together with varying quantities of sand all in a matrix consisting
of varying proportions of shale, chert and hematite, Petrographic
and binocular analyses were used to divide the clastics into five
lithological groups and a number of sub-groups on the basic of thelr
mineralogical and textural characteristics. It is deemed significant
that only one lithology is found in a given lens and that a particular
lithology always maintains the same depositional relationship with
the iron formation., A method for chemically disaggregating some of
the clastics was developed enabling roundness, sphericity, and size
distribution analyses to be made. Results showed the sand grains to
be similar to those found in typical beach washed sands.

Using the above relationships, mechanisms of deposition are
postulated for each lens type. The analysis is then extended to
several other clastic zones in the immediate vicinity with areal
correlations made.

Conclusions would support a shallow water environment of
deposition where chert and hematite were deposited in alternating
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Jayers under proper environmental ccnditions. The major source

of clastics was derived from a low lying land mass to the scuth,
Except for one occurrence all the clastics observed appeared to
have been well worked sediments prior to their transportation into
the basin. Re-worked beach sands were regularly supplied to the
basin while occasionally off-shore currents created lenses and beds
of sands out into the basin, The dispersion of these sands appears
to have been a normal condition in the area since they are observed
throughout the area,

During intervals when portions of the basin were above wave
base or even above water level, clastics were introduced to the basin
by stream transport. Finally at a few localized areas large masses
of clastics were rapidly deposited via slides and/or turbidity currents.
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SECTION I

INTRODUCTION

A, Problem

During the past 100 years there has been a continuing controversy
concerning the Precambrian Iron Formation Problem, Debate has been
centered around questions involving the location and lithology of
the source rock, the mechanics involved in extraction and concentra-
tion of the source material, the transport mechanisms, the physical
and chemical environment during deposition and the processes responsible
for post-depositional alteration,

Although there have been numerous investigations directed toward
the Problem, the Problem remains basically unsolved, Perhaps a prime
reason for this state of affairs is the fact that there is no
Precambrian type iron formation being deposited today and there has
been none deposited since Precambrian times,

During the summer of 1959 the writer, while attending the Michigan
State University Geology Field Camp, was introduced to the Precambrian
rocks surrounding Marquette Michigan including the Negaunee Iron
Formation, a chemically deposited unit consisting principally of inter-
bedded layers of hematite and chert, A particularly interesting
feature of a portion of the Negaunee Iron Formation is the occurrence
of interbeds, lenses and inclusions of varlous kinds of clastic

sediments,




B. Approach

It is the author's opinion that by applying modern sedimentary
principles to these clastics certain conclusions concerning their
origin can be drawn, conclusions which in turn should be pertinent
to the origin of the iron formation itself, It is the objective of
this thesis to obtain information on the geologic history, provehance,
dispersion and physical environment affecting the accumulation of
clastics in a portion of the Negaunee Iron Formation,

Following the selection of the study area the investigation was
conducted in three logical steps, results of which are presented in
Sections IT, II1 and IV respectively:

(1) A regional study to determine the geology and structure of
the area and in particular to ascertain the lithologics present prior
to Negaunee Iron Formation deposition

(2) A detailed analysis of a suite of clastic deposits and their
relationships to the surrounding iron formation to determine the
mechanics and environment of depesition,

(3) A correlation of clastic deposits along a broad horizon to
determine the dispersive nature of the clastic deposition,

C. Study Location

The Moore Mine, located within the Negaunee Iron Formation on a
down-faulted block (Palmer District) of the southern limb of the
Marquette Synclinorium in the Upper Peninsula of Michigan, was
selected for the detailed study portion of this research for the

following reasons:




(1) Large quantities of a number of different types of clastics
are preserved in CI:OSS section,

(2) There is close proximity to the base of the iron formation,

(3) There are excellent exposures in three dimensions,

(l&) There is relatively uncomplicated structure and strati-
graphy.

(5) The area is readily accessible,
The Moore Mine is located in the south-centxal portion of section 28,
T47N, R26W, Michigan. The area of regional study includes sections 27,
28, the north one-half of 32 and 33, and portions of 26, 3%, and 35.
Figure 1 gives the location and general geology of the Palmer District
at;ter Van Hise and Leith (1)*, The present study areas are outlined
where the roman numerals correspond to the appropriate maps: I-Regional
Geologic Map (Map I), II-Moore Mine Map (Mep II) and III-Clastic
Horizon Map (fig. 24). Maps I and IT are located in the map pocket,
D. Previous Investigations

It is intended to review briefly those articles which in the
author's opinion represent milestones in the development of t}hcught
on vthe origin of the iron formaiion in the Palmer District, Refer-
ences prior to 1897 have been extracted from Monograph 28 "Marquetie
Iron-Bearing District of Michigan" by Van Hise and Bayley (2).

During the year 1820 Henry Schoolcraft (3) traveled along the

Michigan shore of Lake Superior., Included in his subsequent report,

*Numbers in parantheses refer to similarly numbered entries in
the reference section,
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the first reference to the geolcgy of the Marquette Region is found,
From 1820 on there has been an ever increasing flow of literature
published dealing with the numerous geological problems of the
Marquette District,

The occurrence of liematite in the larquette Area was reported in
1841 by Houghton (4) - "Although the hematite is abundantly diss.emi-
nated through all the rocks of the metamorphic group, it does not
appear in sufficient quantity at any one point that has been examined to
be of practical importance"”, In 1846 a comprehensive geological survey
of the Lake Superior district in Michigan was initiated for the United
States Treasury Department under the direction of Dr, Jackson, Two
years later the first report (5) under this program was published by
Locke; in the report he refers to a number of very pure iron ore
deposits in the area which is now occupied by the town of Negaunee,
particular emphasis was made to the ore at the then operating Jackson
Mine, Burt, working under Jackson, also issusd a report that year
although not published until 1850 (6)., After studying some fourteen
exposures of iron ore along his traverses he concluded that the region
contained the greatest abundance of high quality iron ore in the
United States. Another of Jackson's assistants, J.W, Foster, provided
the first ideas as to the origin of the iron formation when he siated
that they derived their origin from "aqueous" causes while "igneous"
causes have since operated to modify their character. This report is
dated 1850 (7).

In that same year Foster and Whitney succeeded Jackson at the

helm of the survey, Thres years later they published a paper summing



up their work on the Lake Superior Region in cornection with the
Chippewa Land Distr.ict Survey (8). This report presents the first
detailed study of the geological relationships; the rocks are
classified and a rather detailed map is presented, Concerning the
iron ore, they state that it is igneous material although some action
of segregation was present during and after deposition, These
segregating forces were needed to explain the banded nature of the
Jasper ore, however, they refuse to accept a sedimentary origin for
the jasper - "at first glance the banded structure might be regarded
by some as the result of aqueous deposition ",.,.but..."if these were
really the result of aqueous deposition we should expect from analogy
with other deposits of similar character that some of the layers would
be of more considerable thickness than others",..and..."in some cases
at least the foldings would exhibit a considerable radius of curvature,
which is not the case here,”

The first definite statement favoring sedimentary deposition for
the iron ores was published in 1865 by Kimball (9) where he concluded
that since the iron formation was intimately associated with the other
sediments it therefore nust have undergone similar conditions of
deposition, A pyroclastic origin was proposed by Daddow and Bannan (10)
a year later in which they conclude that the iron ores are volcanic in
origin tut sedimentary in deposition. In 1882, Columbia University
published a report describing the iron formation near the Champion Mine
as being deposited in an E-W trending river or series of lakes (11),

Rominger (12) as State Geologist of Michigan, published a compre-

hensive report dated 1881 on the lithological and structural relationships

-



in the Marquette Synclinorium, This study stocd as'a basic refer-
ence until the publishing of U.S.G.S. onograph 28 in 1897, Reference
is made to the Palmer geology and to the granite knobs in section 22
and 23.

Winchell (13) made an important contribution to the stratigraphy
of the area when in 1837 he described a conglomerate (Goodrich
Conglomerate) nsar Palmer as containing jasper, chert, and hematite
pebbles, Although this same conglomerate was described by Foster in
1849, Winchell was the first to recognize its unconformable relation-
ships to the underlying iron formation, The iron formation,.."must
have been constituted in pretiy nearly its present state prior to the
formation of the conglomerate," Wadsworth, the last major proponent
of the igneous origin for the iron formation was converted in 1892 (14),
He published a paper stating that the sedimentary origin of the
Jaspilites is plainly shown in the Cascade Range, south of Palmer, where
they are found intermixed with quartzites. YNost of the interlaminate
Jaspilites appear to be composed of fine jaspilite derived from parent
debris,

In 1897, Van Hise and Fayley (2) published a monumental work -
¥onograph 28, "Farquette Iron-Bearing District of lichigan," which is
still considered a standard reference for the area, The main bedy of
the report is concerned with> the detailed description of the various
formations in the Synclinorium, their distribution, topography,
structure, thickness, petrographic characteristics, relation to other
formations, descriptions of particularly interesting locations, etc.
The Palmer District is described as a detached appendage of the

Margquette Synclinorium preserved due to down-faulting, Only the




P

Ajibik, Siamo, Negaunee, and Goodrich formations wez:e found in the area,
all lying unconformably upon the Archean Rasement,

Of particular interest is the Palmer Gneiss which is described as
a highly schistose, strongly foliated rock with varying amounts of
quartz in a "hydromicaeceous" groundmass showing much mashing, Uhen
the quartz is in excess it approaches a "squeezed" quartzite, when not
it approaches a fine grained gneiss, This inability to distinguish
in the field between some of the phases of the Palmer Gneiss and
ordinary quartzite, coupled with the fact that even when studied in
thin section the gneiss can often be equally well descrited as
silicified, weathered granite or as granitized quartzite has provided
& fundamental basis for the Palmer Gneiss dispute. After noting that
the Palmer Gneiss is never observed grading into the overlying for-
mations, Van Hise and Bayley concluded that the gneiss is a silicified,
weathered granite of Archean Age.

Other interesting localities discussed include the Ajibik Fills,
the north block of the Volunteer fault and the type location for the
Ajibik Quartzite, The Negaunee Iron Formztion in the Palmer District
1s described as being no different from that in the main synclinorium
except that in the lower horizons fragmental quartz is seen as
individual grains and in small beds. An excellent exposure of the
Goodrich conglomerate is noted south of the town of Palmer,

The United States Geological Survey llonograph 52, "The Geology
of the Lake Superior Region," was published in 1911 by Van Hise and
Leith (1). In the chapter on the Merquette District little is changed

fronm the earlier monograph, The Palmer Area, however, was significantly



reinterpreted, The quartzite forming the Ajibik Hills was renamed the
Mesnard and it was .indica.ted that the Palmer Gneiss contains some
pockets of Huronian sediments., Structurally the Palmer and Volunteer
faults were identified, Another large chapter is devoted to iron ores
in general including discussions on the conditions of deposition,

the chemistry of the ores, their alterations and the method of
secondary concentration,

Between 1931 ard 1937, Lamey (15, 16, 17, 18, 19, and 20) published
a number of papers principally concerned with the geological inter-
pretation of the Southern Complex and in particular with the Palmer
Gneiss, After considerable field and laboratory study he reached the
conclusion that some of the rocks delineated as Palmer Gneiss were
actually metamorphosed Lower Huronian sediments and that this meta-
morphism occurred by intrusion of the Republic Granite during the
interval between Lower and Middle Huronian,

Dickey (21, 22) took exception to Laney's conclusions regarding
the Republic Granite and pointed to other evidence which he believed
indicated that the major portion of the Southern Complex was composed
of pre-Huronian grarites,

Tyler and Twenhofel in 1951 (23) reported on the Marquette
District; they presented their views on the environmental conditions
governing the depcsition of each of the lithological units, 1In
particular they refer to the iron formation in the Palmer District
as the Goose Lake Iron Formation, a2 unit of the Siamo Slate, This
has since been shown to be in error, They also state that there is

no evidence for an unconformity betwsen Lower and Middle Huronian,
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Marsden (24) made minor contributions to the st‘ratigra.phy of the
Palmer District in 1955. Tn 1956, Vickers (25) identified monazite
as occuring in quartzite near Palmer and also at the New Richmord
Mine associated with feldspar clastics, indicating that pegmatites
locally contributed debris to the sedimentary basin,

In 1956, Mengle (26) studied the clzstics in the Palmer District
and specifically at the Moore Mine, Fe mapped iron formation -
clastic relationships at the Moore Mine and speculated as to the
conditions of the iron and chert during deposition., Considerable study
was also devoted to the nature of the iron formation in the area,
Mengle's work represents the best summary of the clastic -~ iron for-
mation relationships to date,

Sahakian (27) studied a portion of the Palmer Gneliss situated
several miles east-southeast of the Koore Mine, A petrographic ani
structural analysis indicates similarity to the granite knobs a few
miles north, in section 22 and 23,

During the summer of 1958, Long (28) studisd a portion of section
34 in the Palmer District. He identified a grzen slatey material cut
by an orange granite which in turn was cut by an early Keweenawan
type dike, The granite was believed to have undergone a major pariod
of deformation and was placed as Huronian in age,

Rosenberger (29) in 1960, mapped sections 22 and 23 whers he found
the hills designated as Palmer Gneiss eroded and overlain by Mesnard
Quartzite. The base of these hills contained a lavge number of granite

cobbles, His findings indicate that the Palmer Gneiss, at least herse,

_“



14k

uded the Lower Huronian, In the Mesnand formation he was
erentiate three distinct ;nembers, a slate, a slate

» and a true quartzite,
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SECTION II

REGIONAL GEOLOGY

A, General

During the summers of 1960 and 1961, field crews from the Michigan
State University Geology Field Camp were stationed at Northsrn
Michigan College, Marquette, Michigan., Under the direction of
Dr, Justin Zinn and the author, several sections in an area east of
Palmer, Michigan were mapped as part of a regional geologic study of
that portion of the Palmer District. Specifically, the area studied
included sections 27 and 28, the northern one-half of sections 32 and
33, part of section 34, and the adjoining corners of sections 26 and
35, all located in T47N, R26W, Michigan, UWork completed on sections
27, 28, 32, and 33 is compiled from the field notes of the Michigan
State University field crews., The portion in section 34 is taken
unmodified from a 1959 unpublished master's thesis by Long (28).
The controversial outcrops in the west corner of sections 26 and 35 were
first mentioned by Lamey in 1935 (19). Due to their stratigraphic
significance this writer re-examined the outcrops in 1961 and
included the observed relationships in the regioral map, See figure
1 for location of the regional study area (I),
B, Method of Survey

The surveying was carried out by pace and compass using either
a Brunton or sun-dial compass depending upon the local magnetic inter-
ference encountered, Approximate mean declination in the area is

1/2°4 (USGS, 1952), a negligible value for such methods. The
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standard pacing tec.hnique was used where 2,000 paces are set equivalent
to a mile, resulting in a pace equal to 2,64 feet - the standard pace,
The sun compasses were checked along a north-south line established by
the author near the site of the Isabella Mine just south of Palmer

and about two miles west of the sections mapped. The following
restrictions were placed upon sun compass use to insure reliable
readings:

(1) Compensation curves were computed for each instrument and used
throughout the surveying period,

(2) Each morning prior to beginning field work the compasses
were checked against the established north-south line,

(3) Use of the sun compasses was restricted to the middle seven
hours of each day.

(%) Sun compasses were checked against the north-south line at
the end of each day.

The Brunton compzss indicated one major and several minor magnetic
disturbances over the area mapped, The principal anomaly was located
in the southwsst corner of section 28; it is believed to have been
caused by magnetite banding in the Ajibik, (see Section II-F),

Topographic maps and aerial photos of the area were carefully
studied before going into the field. In the field all section corners
were found and positively identified with the exception of the northwest
corner of section 32, Base lines were laid off along the north and
south section lines, on which the intersection of planned traverse
lines were marked; these were later used to correct for the traverse-
line drift, Eight north-south traverses were run per section taking

maximun benefit of the east-west topographic trends
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Each crew consisted of at least four men: a pacer, a compass man
who was also party chief, and one geclogist on each side of the traverse
line, Outcrop locatlions were accurately recorded in the field notes
together with their descriptions, strikes, dips, and general trends,
Samples were taken from each outcrop for further study with a
binocular microscope at field camp headquarters during the evenings,
after which representative samples were indexed and stored for later
study, Location of cultural objects (houses, roads, railroads, mine
pits, etc.) and topographic features (swamps, rivers, fault scarps,
hills, etc,) were recorded in the field notes to aid in plotting and
interpretation of the traverse data,

C. Method of Plotting

All outcrops on the regional map were replottad from original notes
on a base map prepared from the U,S.G.S. and U,S.C, & G,S, Palmer
Quadrangle map of 1952, ?—1/2 ninute series, Distances between cultural
points were measured from the Palmer Quadrangle map, Differences
between these ard paced distances were computed and drift curves
prepared for each traverse assuming a linear error between control
points, Outcrops were plotied on the actual traverses paced, as
determined from starting and finishing points of each traverse and
again assuming a2 linear error, VWhere areas of continuous outcrop
existed--such as hills, fault scarps or iron nine excavations--cnly
one outcrop was plotted covering the entire area, A total of over 700
outcrops are identified and plotted cn the regional map, -

D, Topozraphy
The major topographic feature in the area mapped is the prominent

Volunteer Fault trending east-west along the northern parts of sections

T
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27 and 28 where it is exposed as a 150-foot near-vertical cliff, A
series of parallel Afaults cause the land surface north of the main
fault scarp to rise in step-like fashion, forming the imposing Ajibik
Hills, Immediately south of the fault lies an extensive, swampy
grassland drained by a few sluggish streams., This covers the central
portions of sections 27 and 28, Further south the land rises out of
the swam.p becoming a hilly terrain continuing south well beyond the
area studied, Glaciation is in marked evidence throughout the area,
Glacial grooves extensively mark the rocks to the north and south of
the swamp area, Drift cover probably begins in the swampy areas and
becomes noticeable as it thickens towards the east where sand plains
e\;entua.lly cover all outcrops.

The topographic trend is then east-west, with low land in the
middle and high land flanking to the north and south, With few
exceptions, outcrops are found only in the high land,

E. Structure

The Palmer District is a down-faulted appendage of the Marquette
Synclinoriun, being on the south limb of that westward plunging,
asymmetrical trough. The dominant strike of the formations is N70%W;
the dips range from 30 to 70 degrees ncrth, Superimposed upon this
trend are numerous secondary strikes and dips due to both primary
deposition and to later folding and faulting. At one location along
the southern edge of the New Richmond Mine the iron formation appears
to be dipping southward, Again in the northern portion of section 27

a2 minor fold exposes the Negaunee ard Ajibik dipping southward,




The dominant structural feature, the Volunteer Fault, is not a
single fault as reported by previous workers, but rather a fault
system with parallel secondary faults extending northward and probably
southward, A series of these secondary faults can be seen ascending
in step-like fashion past the north section lines of 27 and 28,
Branching off from many of these E-W striking faults are a series
of high angle faults striking NW-SE, There may also be faults
parallel to the E-W faults extending south at least to the Palmer
Complex. Indeed, at the Moore Mine there is a fault that parallels
the Volunteer Fault for a while then strikes SE through section 34,
Lamey (19) describes several contacts of the Palmer and Huronian rocks
as fault scarps which are parallel to the Volunteer,

Finally, a N-S vertical fault is well exposed in the east-central
portion of section 28 where it cuts through a massive quartzite outcrop
resulting in a horizontal displacemant of approximately 300 feet, One-
half mile directly north an identical N-S vertical fault results in a
horizontal displacement of approximately 180 feet,

Three joint sets are found at the Moore Mine: N35°E, 379E; N35°E,
78°E; and N9OW, 50°W, These joints are most prevalent in the large
clastic bodies and appear to terminate at their boundaries,

Figure 2 is a point diagram of the normals to 300 joints associated
with clastic lens #2 at the Moore Mine; each point represents 3 joints,
Plotted on the same diagram are prominent structural features observed
in the area, It can be seen that the joints form a well defined girdle
essentially perpendicular to the strike of the iron formation, the

Moore Fault, and the Volunteer Fault,
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F. Stratigraohy

The stratigrephic column for the Harquette District modified from
U.S.C.S. Monograph #52 (1) is presented in table I, The formations
delineated in the present study are presented in table II, Detailed
megascopic and microscopic descriptions of the general 1lithologies
are presented in U,S.G.S. lonograph #28 (2).

OQutcrops were identified in the field using standard field tech-
nigues, In general, few problems were encountersd in delineating the
different formations with the exception of the quartzites, Identifi-
cation of the three quartzites presents an exceedingly difficult pro-

; blem, one which is limited not only to the study area but common to
the entire Marquette District. The problem is this: given any parti-
cular quartzite, whether it be an outcrop observed in the field, a hand
specimen, or a thin section studied in the laboratory there are few
techniques to apply which would enable one to sufficiently determine
whether that quartzite is Mesnard, Ajibik, or Coodrich, Since from a
lithological standpoint the three quartzites are alike, other methcds
had to be relied upon in the field, including such criteria as strati-
graphic position, structural interpretation, observable topographical
trends, and reliance on previous work,

In general the lesnard was differentiated from the Goedrich by
arbitrarily using the Volunteer Fault as a cutoff point; 1.e.: quartzites
below (south of) the fault are termed Goodrich, quartzites above (north
of) the fault are termed Mesnard, The Ajibik is differsntiated from
the Mesnard and Goodrich using inferred stratigraphic position,

Detailed criteria are presented below for specific exposurss observed,
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Table I
STRATIGRAPHIC COLUMN
OF THE
MARQUETTE DISTRICT*

Pleistocene Glacial Till

UNCONFORMITY:
Cambrian Upper Cambriar Sandstone
UNCONFORMITY

Keweenawan Olivine Diabase Dikes

UNCONFORMITY
Killarney Acidic Granites

UNCONFORIMITY

Upper Huronian Upper lMichigamme Slate
Bijiki Iron Formation
Lower Michigamme Slate
Clarksburg Volcarics
Greenwocd Iron Formation
Goodridn Quartzite

UNCONFORMITY.

Middle Huronian Negaunee Iron Formation
Siamo Slate
Ajibik Quartzite

UNCOHFORMITY

Lower Huronian Wewe Slate
Kona Dolomite
Mesnard Quartzite

UNCONFORMITY ==w=w=

Algoman Granites and Syenites
UNCONFORMITY

Laurentlan Palmer Complex
UNCONFORMITY

Keewatin Kitchi Schist

Mona Schist

*}iodified from U.S.G.S, Monograph #52, ref, 1,

e
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Table II
STRATIGRAPHIC COLUMY
OF THE
PALMER DISTRICT
Pleistocene Glacial Till

UNCONFORMITY

Keweenawan Olivine Diatase and Diabase

UNCONFORMITY

Upper Huronian Goodrich Quartzite
UNCONFORMITY

Middle Huronian Negaunee Iron Formation
Ajibik Quartzite

UNCONFORMITY

Lower Huronian (Granite)
Kona Dolomitz
Mesnard Quartzite

UNCONFORMITY ———

Laurentian Palmer Complex
(meta-igneous)
(meta-sadimentary)

JNCONFORIMITY

Keewatin Hornblende Schist
Granite Gneiss
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Following is presented a field description of the lithological
units mapped along .uith distribution and correlation with other
neighboring areas, The reader is referred to the Regional Geologic
Map, Map I located in the map pocket. The Archean Gneiss, the granite,
and the diabase and hornblende schist dikes were not studied by the
author; their descriptions are abstracted from Long's unpublished
master's thesis (28).

ARCHEAN CNEISS

A group of highly deformed and banded schists and gneisses have
been studied just north of Lake Gribben (section 34) by Long (28) and
Sahakian (27). They are thought to have been originally ssdiments or
eﬁpt&ves which were subjected to fluid envasion and intense meta-
morphism. More recently, granitic inirusions have iransformed them
into younger injection gneisses.

PALMER COMPLEX

The Palmer Complex is a term used by the author to indicate that
portion of the Southern Complex which lies immediately below the
Huronian formations and to include part or all of the Palmer Gneiss.,
This rock type occupies a very indistinct belt between the sediments
and the main granitic body to the south, extending for at least a
quarter-of-a-mile south of the Huronlan sediments. This horizon has
been the focal point for continuous debate ever since first studied
in 1895 by Van Hise and Bayley (2). Due to the complexity of the
problem, the Palmer was mapped as an entire unit aside from the

several pockets of Huronian sediments to be discussed,
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MESNARD QUARTZITE

The Mesnard quartzite is found along the northern one-quarter
of sections 27 and 28 where it appears as a massive, viireous
quartzite with colors ranging from white in the east to dark grey
in the west and superimposed with varying degrees of ferruginous
staining.

The formation is exposed in a series of northwardly ascending
fault blocks, where the beds strike essentially east-west and dip
20 to 30 degrees north, Along the fault-faces are found fault breccias
and hydrothermal quartz veins., Some of these quartz veins are up to
five feet thick and contain quantities of micaceous hematite, 1In
some of the higher quartzite blocks a clean, well-rounded quartzite
conglomerate is found, which could be interpreted as being either an
interformational conglomsrate or the basal Ajibik. The latter
hypothesis is favored since similar conglomerates are fourd in sections
33 and 35 described below, In a few isolated areas north of the main
fault, in section 28, outcrops of ferruginous slate were found.

Rosenberger (29), during the 1960 field season, studied sections
22 and 23 in the Palmer District; he found eroded granite and granite
gneiss hills partially overlain by Mesnard Quartzite, Ajibik and Kona
formations were also identified., The Mesnard was divided into three
units; a slate, a slate conglomerate containing granite and gneiss
cobbles, and a massive quartzite., A slate conglomerate similar to
his was found in the northwest corner of section 27, Further east, a
large exposure of strongly foliated slate was found conformable to the

Mesnard, The stratigraphic relationship is not very clear due to






considerable faulting in the area. If the slates are older than the

quartzite, they provba.‘cly correlate with Rosenberger's slates, How-
ever, if they are younger than the quartzite, they cculd be equivalent
to the purple slates of the upper Mesnand formation.

Two other important occurences of Mesnard Quartzite were deline-
ated, In the ncrthwest‘ corner of section 35 the author investigated
a hill of quartzite protruding above the local sand plain, There is
evidence of the existence of two different quartzites; one, a grey
massive variety occupying the northern portion of the hill; the other,
a clean massive variety occupying the southern portion of the hill,
In one location the younger quartzite is seen as a conglomerate sheet
lying immediately on the lower quartzite, Since the Negaunee Iron
Formation lies to the north, the younger or northern quartzite must
be A jibik and the southern quartzite, the Mesnard, Lamey (19) studied
the same ridge and reached the same conclusion., It is interesting to
note that directly across the Marquette Syncline an identical relation-
ship was reported by Seaman (1) in the Teal Lake Area., Tyler and
Twenhofel (23) reported no unconformable relationship; but during the
sunrer of 1961 an M.S.U. field crew remapped the Teal Lake Area using
a telescopic alidade and found that the Ajibik dces indeed abut against
the Mesnard with a conglomerate in between, thus substantiating the
unconformable rslationship,

Another location of importance is found in the northern portion of
sections 33 and 34, The following sequance of 1ithologies is found
beginning with the Negaunze and going south (older rocks). The

Negaunsze extends south of section 23 for about 200 feet; for the nsxi
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200 feet, a grey massive quartzite with a good basal conglomerate is
found, Immediately south of this is a valley devoid of outcrops,
PFurther south there rises a large east-west trending hill composed of
green slaty material, while still further south another quartzite much
cleaner than the first is found., Stratigraphic relationships suggest
that this lower quartzite is older than the Ajibik, Three interpre-
tations are possible; one, that the quarizite is not a quartzite but,

in fact, a fine-grained, highly silicasous granite; two, the rock
represents a pre-Archean quartzite; and three, the quartzite is part

of the Mesnard formation, Lamey (18) has found that many fine-grained
samples of the Palmer Complex, when examined under the microscope, were,
in fact, quartzites and vice versa., Thersforz, although these outcrops
have every appsarance of being quartzites, one cannot dismiss the first
possibility without detailed microscopic work. In support of the second
possibility, Marsden (24) has indicated he believes that thers are sonme
pre-Huronian sediments in the Marquette Syncline, This has never been
substantiated although some of the sediments between the Mesnard and
the Creenstones north of Mud Lake in the Marquette Syncline may well be
of this age.

The author cannot understand why previous workers, Lamey excluded,
have failed to identify the Mesnard as extending along the southern edge
of the Palmer District; especlally since the same worksrs have recog-
nized the Mesnard as occupying the area immediately north of the
Volunteer Fault, a distance of only one mile. Sedimentary distribution

would suggest occurrence of the Mesnard along the southern border of

the Palmer District, In addition, the Mesnard is found on the ncrthern

- -~
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border of the Marquette Syncline, a full two miles further west than

the area in question, while scattered exposures extend another four
miles further west, Therefore, while recognizing that more work in
the area is needed, the evidence seems adequate for extending the
Mesnard fermation west along the southern border of the Palmer District
form the Wewe Hills through at least section 33.
KONA DOLOMITE

In the northern portions of sections 33 and 34 a 65-foot high
east-west trending ridge of steeply-dipping, dark-green slaty material
was found which the writer believes to represent part of the Kona for-
mation, Hand specimens show numzrous distinct angular blotches of
limonite stain inter-mixed with quartz grains and stringers of chert
in a fine-grained groundmass of sericite and chlorite., A well developed
foliation is evident striking E-W and dipping 709N, Long (28) has
mapped a similar rock in the north-central portion of section 34 where
it is intruded by aplitic granite, He describes it as a "brown-
weathering sericitic, chloritic schist."

A number of samples were placed in a concentrated HCl solution with
a resulting reduction in weight of 20-30%Z, The limonitic staining is
believed due to oxidation of ankerite crystals. Due to the general
appearance, its high carbonate content, and its stratigraphic position,
this formztion is regarded as a slaty phase of the Konz., It should be
added that Van Hise and Bayley (2) report that the Kona grades into
calcarsous shales southwest of Goose Lake in section 22. Rosenberger
(29), studying the same area in 1961, also reports these calcareous

shales,
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GRANITE

An orange gmni‘te intruding the ancient gneisses and the green
slate (Kona) was studied in detail by Long (28) in 1958. The granite
ranges from medium to coarse-grained, but becomes aplitic where it
intrudes the green slate, Prominent minerals pressnt are quartz,
potassium feldspar, plagioclase and biotite, Plagioclase is dominant
over the potassium feldspar, Traces of zircon, magnetite, muscovite,
chlorite, and hematite are also found., Long believes that these
granites represent the top portion of a magmatic body intruding
between Lower and Middle Huronian time,

AJIBIK QUARTZITE

The Ajibik Quartzite is found just south of the northern section
lines of 32, 33, and 34 where it lies unconformably upon either the
Palmer, Kona, or Mesnard formations, Exhibited ir places is a narrow
conglomeratic zone with sub-angular to rounded pebbles of vein quartz,
quartzite, granite and green schist composition, Above this conglomer-
atic horizon the formation appears as a typical massive, dirty quartzites,
Similarly related are the outcrops in the southwest corner of section
27, with the exception that here the quartzite overlies only the
Mesnard resulting in a good basal quartzitic conglomerate.

In the northeastern part of section 27 the Ajibik is found again
as a southward-dipping, dirty, massive quartzite, being differentiated
from the Mesnard only by color and structural relationships., The
previously mentioned quartzite hill in the northwestern part of section
35 shows the Ajibik lying unconformably upon the Mesnard,

Southwest of the 0ld Richmond Mine an interesting exposure was

studied in some detail, Previous workers have mapped this as Ajibik
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since it lies between a basal conglomerate and the i\'egaunee Iron
Formation, The rock consists of sharply defined layers of magnetite
and quartzite, each varying in thickness from 1/4 to 3/t of an inch.
A normalized modal analysis of each layer is included in table III,
The quartzite bands consist of individual, well-sorted quartz grains
(roundne}ss = 0,7, sphericity = 0,8, average long diameter = 0,65 mm)
in a matrix of chert, chlorite, and some fine grains of magnetite,

At least one grain of clastic chert with long diameter of 0,6 mm was
found, The magnetite band is actually a chert-magnetite band con-
sisting of very fine grains of chert and magnetite along with some
chlorite, No clastic quartz or clastic chert gralns were found in the
magnetite band. Superimposed on both types of bands are large, fresh,
euhedral crystals of magnetite, evidently of hydrothermal origin., The
demarcation between individual bands is very sharp; the quartz grains
exhibit no gradation as they approach the boundary.

It would be difficult to account for this lithology without sub-
scribing to a primary origin for the magnetite., The writer believes
that this 1ithology represents a gradation between the Ajibik and the
Negauree formations.

NECAUNEE IRON FORMATION

The Negaunce Iron Formation appears as an even-bedded ferriginous

Chert (interbedded layers of hematite and white chert), while locally
1t has besn altered to jaspilite (interbedded layers of crystalline
hematite and rei chert). Distribution is confined mainly to the
SOuthern half of sections 27 and 28, The beds strike generally west-

NOxrthyest and dip between 40 and 70 degress north, Locally the beds

o —
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Table III

MCDAL ANALYSZ3 CF SILZCTID SANPLIS

Sanple: Ly 66 317 313 319 321 457-A  457-B
Quartz
clastic 50 50 69 L1 53 60
hydro 5
Sericite 56 59
Chert
clastic 1 7 3
matrix 30 50 2L
45 38 2k Lo
Hematite 1
Magnetite 5 6 5 1 1 5 b6 6
Chlorite 5 2 6
Leucoxene 2 1
Totals 101 100 100 g9 102 93 98 99
Sanples Clastic Ll s Yoore line, lens A, CQA2
Lens
66: loore Mine, lens #6, CS
317: New Richmond liine, CQA1
318: New Richmord Mine, CQp
319: Moore liine, QS
321: ‘ew Richmond line, CQ,A1
Ajibvik L57-A: W of 0l1d Richnond Mine,
Quartzite ragnetite layer
L57-38: Sy of 0ld Richmend line,

clastic layer
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exhibit numerous fluctuations due to minof foldirg and faultingz,
Ixtensive zones of btrececiation occur throuchout the formation,
Interbedded within the iron formation are numerous clastic deposits,
the study of which forms the principal portion of this thesis,

Economically the iron formation is poor due to its high silica
content. There are no mining operations currently active althecugh
in recent years small tonnage hzs been shipped from the New Richmend
Mine for use in blast furnace cleaning., Recently, extensive mining
and concentration has been initiated west of Falmer, A more detailed
description of the iron formation at the Moore Mine is presented in
Szction III,

PYROCLASTIC HORIZON

Striking approximately N700Y from the point where the railroad track
crosses the 28-29 section line to just east of the Moore Mire is a
highly conspicuous pyroclastic horizon, This horizon is located LCO
feet above the base of the Negaunee Iron Formatlon and consists mainly
of an agzlomerate and a lithic tuff, Thils occurrence is descrited in
greater detail in Section III,

GOODRICH QUARTZITS

The Goodrich Quartzite is restricted to the center of section 28
and to a small arm protruding into the north-central portion of section
32. An excellen® exposure of basal conglomerate car te seen in section
28 just north of county road M.,B. and west of the railroad crossing.
Here sutangular to roundel pabbles and cobbles of ferruginous chert,

iz

in 2 nat
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Jjaspilite, chert, vein quartiz, and gquartzite are imtedde



of quartzite and sericite, Similar basal conglemerates are found in

section 32 with the addition of granite ard granite gneiss cobbles,

Above the conglomerate the formation grades into a typical massive,
grey-white quartzite with varying degrees of hematite stain, Two
distinct areas of outcrop are found in section 28 separated vy a
quarter-mile of swamp. No bedding planes were found, bhut all observed
outcrops trended in an E-¥ direction,

In the west the outcrops are small, in the east they are dominatcd
by a massive quartzite ridze, The isolation of ithis ridge, its

parallelism with the Volunteer Fault (only 400 feet norih), and its

s to whether it is

M

likeness to the other quartzites poses a question
actually Geoodrich, Detailed study is needed to answer this questiicn,
For the purpose of this report, the author choozes to follow the critearia
established earlier and continue to desicrate this as Gocdrich,
INTRUSIVZS
Five dikes cof consequence and a possible sill were mappel during
this study., A large dike known as the Isabella Dike, several tens of

feet wide, was observed at the north-west corner of section 32, Mengzle

o

(26) maps this dike from the middle of section 31 across the corner of
32 to the middle of section 29, about 1 1/2 miles. The Isztslla Dike

exhibits typiczal olivine diabases texture and composition. It is prcbatly

D

olier than thz olivine diatass dikas of Keweenawan age, be
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what altered, Further, it does not possess th2 ne

chararcteristic of most Kewasenawan dikes,
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A somewhat sirmilar rock type cutting the gran

boen described by Lenz (28) as a "fine grained, brown wesatherinz, black



diabase, It would appear that if this is a dike, its width nust b=

.
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in excess of 4D feet, Sanples were found to contain mostly serpentine
and plagioclase, som2 epidote, chlorite, and muscovite; but no quarts

or magnetite, The rock has undergone extensive alteration (the

o]

original olivins, if ever presant, i1s completely ahsent) along with
major deformation as evidenced by the high number of strain lanclla=,
The age relationship to the Iszbella Dike is in question, but with the
present information it is considerad older,

A typical diorite dike, thoroughly shesared and chloritiz:d, cuts
east-west throush the iron formation on the south side of the New
Richmond Mine, The dike is a faow fe2t wide anl can bz easily traceld
a distznce of one-half mile; the dikes is lost at either end of the
clearing,

A twenty foot wide dark green 1o blazk, schistoss, hornblende,
biotite dike is reporied in seciion 34 by Lonz (22), He states that
"structurally it post-dates the Archean gne2lss and predates the granite,”
hly weatharad diks visible at the ‘oore iline
entrance is describael in S=ction III,

Just off the southwest corner of the 0ld Richmond Mine thers is 2
large outcrop of a dark-green, chloritic btody thoight to be a sill, It
apoears to be conformable to the surrounding iron forpation while a
faint columnar struciure is in evidence, t was not possible to traze

this outcrop laterally,
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CLASTIC-IRCH FORVMATICQN
AT THZ R
A. General
The Moore Mine is located in the south-ceniral portion of scction
28, T4?N, R26Y, Upper Peninzula of Michigan, and approximately two
miles east of Palmar, Michican (see fiz. 1). Access to the area is
east from Palmer via paved County Road IB; the last eighth of a mile
being south along a well establishel trall to the mine site, The
mine is located on the hilly terrain south of and overlooking thez
swampy central portion of section 28,
Ceologically, the mine is locatedl within the Negaunsze Iron
Formation at a position approximately 150 feet stratigraphically
above the base of deposition., Locally, the Negaunce consists of
alternating layers of chert and hamatite siriking betwean M55 and
N85°W and dipping betwzen 400N and 709N, A thick pyroclastic horizen
is present within the iron formaztion 400 feet above its base,
immediately below which the iron formation has beesn altered to
Jaspilite., Parallel to and some LO feet balow the pyroclastic
horizon, at the entrancs to the loore Mine, is the loore Fault
striking N6597 and dipping 4590 to 7591, Fluids moving up and along
this fault probably account for the Jjaspilitic zone, with the pyro-
clastic horizon acting as a stratigraphic barrier, A superdip survey
traced this jaspilitic zone at lzast 400 feet further ezs The Yoore
Fault can be further traced along 2 series of bluffs in section 3%, a

ntle easi, wvhers it now is striking 115594,
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Within the iron formution there are unusually large quantities
of clastics concentrated as lens2s, beds, flocd plains, channel cuts,
and as isolated pebbles, cobbles, and boulders. A total of 42 clastic
bodies were mapped during field work at the lloore Mine, The composi-
tion of these clastic glements consist primarily of quartz and chert
fragments in a matrix of cherti, sericite, hematite, and biotite-
chlorite with minor amounts of magnetite, leucoxene, ard zoisite,

The area has been cleared of overburden for a distanc: of over a
quarter of a milz parallel to and scme 250 feet perpendicular to

the strike, thereby exposing in cross-sectional view over 330,000
squara feet of iron formation ard assoclated clastics. Within this
area are numerous mining cuts both parallel and perpendicular to the
bedding, providing opportunity for a comprehensive s*udy of iron
formation~clasiic re=lationships,

The Moore rault is exposed as a series of branching faults
approximately parallel to the Volunteer Fault, From Richari's Cut
(see ¥ap II) westuward the fault cutis across the iron formation at low
anzgles, It can be traced cuttiins ths top of several upper lenses, bu?
is lost near the middle of the strippsi area, The fault is an inmporiznrt
factor in controlling the shape of these upper lenses, The verticzal
displacement is estimated to bs at least 30 feet, Although a horizon-
tal displacemant of only a few inches has been observed, the true
disrplacemnent may be significantly greater,

Another small but well exposed fault occurs in the far western

portion of the mine cutiing throuzh a small clastic lens, The fault
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trikes N79°5 and dips 880N, The horizontal displacenent exhibitad
by the clastic lens is 9 feet,
Three sets of joints are found at the loors Mine: N359%, 37°S7T;

N359E, 78°SE; and N9°W, 50°¥, Those joints are prevalent in the

(&

large clastic bcdies and appzar to teriminate at their upper ani lower
boundariess only a few joints can be traced on into the iron forma-
tion, On the other hand, most joints traceable in the iron forma-
tion follow on into the clastic bodies. A point diagram of the
normals to 300 joints assoclated with lens #2 at the loore lline is

ire 2, It can be seen that the normals form a tight

(=0

girdle across the net and that these joints are essentially perpen-
dicular to the strikess of the iron forration, the Moore Fault, and
the branching faulis north of the Volunteer Fault

B, HmMappinz Procedura

Mapping was accemplisheld using a telescopic alidade ard plane
table at a scale of one inch equal to ten feet, Vertical control
was ottained by level shooting frcm an established elevation point

at the crossing of the Chicago

(4

ard Northwestern Railroad and County
Road }B. The Palamer Quadrangie 75 Minute Series Topograpnic lap of
1952 gives an elevation of 1,313 feet at this crescing, This eleva-
tion was carried 0,25 mile,using estatlished foresighting ard back-
sighting procedures, to a second order base statior From this station
a network of 42 instrument stations covering the study area was

stablishad, FEach station was permanenily marked for rsoccupation,
After the traverse was closcd detailed nappirz from each of the

stations ensued, The delailed surveyinz was divided intc two phases
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the first being of a general nature to cutline the gtrippcd area and
the rumerous mining cuts, to locate iron formuticn-pyroclastic con-
tacts, and to ectablish elevation control over the area, The second
phase consisted of a detailed survey of the clastic bodies,

Outlines of the clastic bolies were mapped at intervals of no
greater than three feest, while mining cuts, stripped bordzrs, etc.,
were mappad at intervals ol five to ten feet, Vertical control was
established for each of these points using a standard surveyor's
rod. Horlzontal measurerents were made with a 100-foot sieel tare,
Elevation contour lines wers drawn in the field with a contour interval
of ten feet, Clasiic lenses with several layerz of the surrouniing
iron formation were alsc skeicned in the field, UYhenever a map
sheet was changed a minimun of three control points were used for
reorientation, !apr II {(in the map pockat) is a copy of the field rap.

C, Sample Collection an? Pieparation

During the detailed study of the loore Mine area, L27 sanples

t-h

were collectel from the ircn formation ard clastic todies for
laboratory study., Some of thess were collected as rspresentative of
their particular lithology; some wers gathered randozmly throushout the
study area; while cothers were collected at definite intervals along 2
particuler traverse., In addition, 23 clastic samples were collezted

from the New Richmond line, All samples were accurately located
Yy

using telescopic alidalde and plane tabl:s

(4]
o
o]
4]
o+
()
D
1=
¢t
Y
8]
o
.

Each sanmple was prepared as a seml-polished section usinz sianda

& =

b J-

procziures of diamond saw cutiling and lapping, Lappirg was carried

dowm throush the LOC srade corundun pouwder, providing a snurface when
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wet adequate for binocular study, All polished surfaces were de-stained

.

to remove the prevalant hematitic stain, see Appendix A, experinent
2 for details,

D. Sample Analyses

1. Microscopic Analysis

Petrographic

Initially each polishod de-stairzd specimen was briefly
examinad under a binocular microscope and placed in broad lithological
groups, PForty-three thin sections were prepared frem representative
samples for petrographic analysis, It was found, however, that such
a study was impractical due to intense hematitic staining. 4An attempt
to de~-stain the thin seciions was not successful, Since only a few
mineral species were pressnt, all of which could be identified in
polished section once initially identified in thin section, petrographic
methods were used primarily to identify specific minerals ard to per-
form rodal analyses on selectad spacimens, lodal aralyses were per-
formed with a six-barrel integrating stage using ten traverses per
section; results ars presented in table 11X, In addition, a suite
of some 70 thin sections covering the Palﬁer clastic horizon was
graciously lent to the author by J.*. Mengle (Wisconsin State
University) providing the chance for siudy of the iron Tormztion-
clastic relationships in the entire area,

Binocular

The binocular microscope was the vrincipal tool used in
studying and classifying the samples. A detailed eanalysis of each
polishsd srecimen was conducted includirg tewxturzl, strustural, litho-

lozical and nireralosical relationshins, All zamdles, ospecinrlly the
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iror formation samples, wore examined for clastic chert; only minor

quantities were found, A siv=barrel inilegrating sta

v

to the binocular microscope ard ussd in deternininz the parcent area

th

[
;
r
O
(9]
(o]
)
o
[p)]
3
w
ct
[y
-+
o

of quartz grains per sample and to measur

w

andi chert bards Tor selected ferrazinous chert sanples,

Petrofarric

A standard petrofabric aralysis was performed on the c-axis
orientation of quartz grains in a cherty quartziie sempls from the
New Richmond !line, A maximun c-axis orianiation of 67 was measured;
but no clearly defined symmetry of fabric was seen, Yhile the spacimen

vas not orientated in ths i

[P
D

eld and thus no conclusions can b

4]
1
Y

petrofabric analysis may be worthwhile in studying the post-depositional
history of the iron formation,

2. Sieve Analysis

A new technique was devzlopad to facilitate the study ¢f sone

of the clastic samples. Using a concantrated hydrochloric acid
solution to dissolve the hematite followsd by a boiling solution of
potassium hydroxids to dissolve the chert a rosidue of "cleaned" sand
grains were obtained, These sand grains vere then studied by nornal
procadures of sieve analysis with conclusions applied to the clastic
lenses,

In oxder to justify using the results, +he relationsihip batweasn

the original deposited sand grains and the disagrrezated sand grains

S,

must bs resolv That is, to what exlent have the sznd grains ba2n

- .2 b ~2 . N o —~ ! 1AM ~
altered sincz deposition anl to what exisont dezs the samsling and
S e gy 2 - ~ ado 1 . - $ A~ My £33 yas L
disaggresation procezsoes affect the sand graiag, Tho Tiwst quastilon
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involves the effect of diagenstic and metanorphic proeesses in

operatioa since deposition and is a problen tasic to the anal
of many s=dimentary rocks., Tor this study 1% is tacitly assumad thati

ny such alteration of the :znd grains was ninor ani would result

D

in an error less than those =rrors inherent in ths machanical
sieving operation itself,

The second question involwvas errors inircduced by mechanical
breaking of grains durxing the field scanmpling ani laboratory prepa-
ration, In removing a sample from an outcrop or when preparing a
sanple for disazgrezation, a Tinite number of grains are brolken,

These brolen grains will alfect the measursd size frequency disiribu-

iny crusher

v

tion, For the casz2 where a sanple is trcken with a hamner,
or similar mechanisn there iz ro way to easily determine the numbar of
effected grains, To rzduce darage, larse fi=21d sanmples wars taken from
which small laboratory specinens were prevarsd, Iy cutting the sanmrle,

~J

a controlled sarface ar=a 1

&}

fornel and the parscentaze of broken grains

[N

can then be esiinated, To mininmize this percentagze of broken grains

one nmust look% for a specimen having the smallest surlace area for a

given volurz, for practical lahoraiory work this i1s a cube,
Using a sinplified cuvic mciel where the sand gralins ars spherical

and are arrarged in a homogeious manner one has only to compare the
shell voluns to the total volume in orler o estimaie the maxinum per-
centaze of the sample disturbed, The following relationship expresnes
parcant disturbhzd volume (Vd) as a funciion of cubz dinension (n) and

crain diznetor (§).
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vq = shell volune _ n3 - (n-29)3
total. volumz r3

Using the median grain size, the percent disturbed volums for
each disaggregated sanple was computed and is listed in table IV,

The third and most important question was resolvel by exton-ive

s

laboratory testing showing that sand grains after being subjected to

;1

the developed disazsresation procedures were not me2asurabvly changed
in any of the four paramecters observed; size, shape, roundness, and
surface texture. These experiments, including the developed disag-
gregation procedures, are docunanted in detail in Apperdix A,
Standard sieve analyses were run on six zamples (5, #61, #74,
#183, #303, and #322). Cubic specimens measuring between one and tw
inches on a side were cut from the original field sample using a
standerd diamoné saw. FEacn specinen was dissaggregated and sjeved

azcording to the procedures outlinad in Appernlix A, The specimens

approzimated the mathematical medel to a high degree; the sand grain
sphericity averazed 0,80, and the samples were guite homogzenous
throughout,

Statistical neasures ars genarally used by geolorists to con-
veniently express certain characteristics of a frequency distribution
in a2 concise mathemztical manner, Table IV contains a number of
statistics for cach of the slieved samples, This data is presentedl
for the dual purpose of possible correlation with previously pub-
lishad sedimentary data and for comparison and evaluation beiween the
sanples thenselves, In onler to evaluate such data and to draw

rzaliable conclusions one mist be familiaxr with thz furndarentals of
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statistics and what thoy actually measure in geolog ] terms, The
raader is raferrcd to I{rumbinc ard Pettijohn (39), to Krumbine (31) and
to Pettijohn (32) for a thorough treatimen: of this subject,

Figures 3 and 4 present histograms and cunlative curves of the size
distributions

Sanples 45 and #174 are from lens #1, a well defined, ideally
shapad lens at the lloore iline, anples #4202 and #322 are from a w21l
defined set of baeds at ithe !ew Richmond Mine (see Section IV - Location 15)
while samples #61 and #1°23 are from lars #3-%, a poorly definel zone of
hizh sand conceantration at the toors llina,

Th

(]
e

size distributions tend to be sinmilar for sa=mples from the same

deposit; but dissinilar for sanples from different deposits, This would
suzgest that each of the depositis reprezent a sinzular event each governed
by a particular seht of source, transport or depositionz2l ccnditioas,
Conmpariscn of th2 size distribu’ion plois %o sxanples from Paitijohn (32)

v -
ethor w

tos

=

th the hish dezrse of sorting ard lack of clays weculd indicate
“hat the sands analyzed represent well woried beach sards

In going from lens #1 to the Vew Richmond teds to lons #3-4 there is
a steady increas: in sand size with a corrzsponiing decrease in the cegree
of sorting (increase in So) and overall shape quality of the deposit,
IT th2 sane source is postulated for each deposit than these differsences

can te ascrited *o differencss in trarnsport or dsposition mechanisn
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grain size of lens #B-M would indicate a faster ani/or more viscous

b [}

trarsport fluid, The noo*ly defincd shape would lend support to a

sporadlic or short-term depcsitional mechanism, The shape and size

L]

stritution characteristics of lens #1 is indicative or a current

deposit along which a .high degree ¢f sorting was accomplished,

LTSS

1

Because of the larze separaticn distance involved, it is difficult
to nake a similar compariscn betwcen lens #1 and the New Richrond beds
These beds, in all probability, were derived from the same general
scurce, The smaller grain size and pocrer degres ¢f sorling could be
due to a lower transport velocity,

3, Roundness ard Sphericity Anzlysis

Roundnesc anl sphericity measurements ware periforned on sand
grains from ten disazsregatel cherly quartzite specimens, A nminimum of
300 grains per cemple were counted, Figurc 5 presentis roundnsss and

S ~t -
Suic.:.

sphericity histosrams, Table 7V provides sample infornation and stat

butions fronm any of thz clastic lens samples, all exhibvit high sphericity

wn

(o8) and medjun roundness (.45). This similarity is protably the result
of a comron local source of equally rature sands,
The cobbles, or the other hand, exhibit a lower scvhericiiy (.6) and

a higher rourdness (.75)s The higher roundness is protably rot due to 2

=}
i

greater naturity; but rather to th2 "sofiter" composition and larger sis
of the cobbles, The large spread in cobhle spharicity could be the resul
of a greater variation in transport velociti=s

nericity of the sands Iin the cobble lens matroix

(sarple #90) is similar to the oiher cands irdicating a sinilax scurce,
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Table V

ROUNDNESS AND SPHERICITY DATA

Histogran Sample Clastic Location Roundness Sphericity
No, No, Type (Lens Mo.) Ma S Ma S
1 Ly Cn, 1 (east) 0,478 0,120 0.895 0,104
2 Ls Cy, 1 (east) 0,491 0,146 0,203 0,095
3 44 45 CQz, 1 (east) 0.48% 0,133 0.803 0,099
L 173 Cp, 1 (west) 0.456 0,128 0,823 0.00%
5 174 Ca, 1 (west) 0.456 0,130 0,772 0,159
6 173,174 Caa, 1 (west) 0,456 0,140 0,815 0,099
7 Wh,b45,173,170  CQp, 1 0.470 0,130 0,809 0,154
8 61 Qs 3 0.435 0,108 0,807 0,093
10 bh,b5,61,  C, 1,3,41 0.464 0,140 0,206 0,073
141,173,170
11 137 Cu3 39 0.483 0,129 0,818 0,025
12 b4 ,45,61,137 Cy 1,3,39,41 0,458 0,145 0,807 05,100
141,173,174
13 39 cas 2 0.447 0,159 0,787 0,101
14 55 €Qs 2 0.464% 0,143 0,794 0,099
15 39,55 cQs 2 0.457 0.151 0,792 0,112
16 90 Cobble 18 0.433 0,131 0,812 0,093
Matrix
17  39,4%,45,55,61 all 1,2,3,39,41 0,461 0,140 0,803 0,110
. 137,141,173, sands
174 ”
18 ——— cotbles 18,19,20 0,74% 0,121 0,409 0,22
. . | .
60 ~Histogram No.
Sample
Sphericity
- Roundness

0 8 6 4 2

_L,.__/lndex



L, Heavy Mireral Aralysis
Ten untreatel samples, representing most types of clastic:a
found, were prepared for heavy mineral aralysis, Samples usre
mechanically crushed and ground with a csrarmic mortar and pastle,.
The crushed sanpies wvere vashed with distilled water, dried ai 70°0C

for 24 hours, and weighed priocr to sesparation,

‘Apparatus usel during the heavy liguid sepzration was identical to

p.

that pictured in fizurs 153 of Krumbine ard Petiijokn (30), ®remofovm,

)

with a spacific graviiy of 2,85, was tha hoavy 1iquid used, Technigues
of separation followz2d those describel by Krumbire and Fetiijohn, Aftis
separation the "lizhts" ani "heavies" wsrs washed with alcorol ard
weizhed, The light and heavy ITractions of ths sanples were each srlit
and nounted on parmansai slides for petrograrhizs aralysis, lMounting
rediuxn usel hed an indax of 1,68, Aralyses of the hsavy Sraztions
yielded no hesvy mirnerals otner tran magjnatlits, leuccxens ant hematita,
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Percantaze of heavie
A thorongh study of thz ha2ary fraction was not zcondusiszdl, Tt was

noted, heowesver, that each clastic group nontained a distinct suits

appear to offar a
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should include anrlysis of ecarlisr formaiions
Kona, Ajibik, etc.).

5. HCl and KCH Solubls Analysis

o) 4 -~ cAae L3 ' 44- -~ o
Ten different samples, roprasenting most of the types ¢f
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L9

Table VI

HC1 SOLUBL®3 AND KCEH

m
a
~

HIAYITS,

OLUZLES

Sample Location Z HC1 7 KO
No, (Lers No.) Tyte 7 Heavies  Solubtles  Solubles
21 2 €3S, 14,8
Lo 2 €54 21.3 49,7
L3 2 C3¢ 1.5 1.0 8,1t
ul 1 C2A, 16.8
Ls 1 CQy, 22.2 Ls.,?
55 2 casy 31.6
57 2 CQSy 1.1 0.9
53 2 CQsA 11.9
61 3 C, 58,2
67 8 Cs L,8 2.9 2747
73 7 QS 16.2
83 14 CQSD 9 o2 38 QL” 2747

100 22 QS 5.1 3.2 1.0
135 38 CQ_A_3 29.0 13.9

136 39 CQA3 16.3

138 Lo CQa 15,9 Ll ,0
142 L1 CQ[‘Z L7,2

173 1 CQAZ 1'3'6.2 31.3 3003
169 11 CQSp 1.0 31,3 31,2
28, Moore IF 52.8

302 New Richmond CQA1 27.2 L7 ,6
303 New Richmond CQA7 39.5

305 New Richnornd CQay 32,1

318 New Richmoni CQn 16,56 12.5 20,2
322 New Richnond CUn 41,4 Ls,5s

430 Moore Jaspilite 60.1 .
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70°C for 24 hours, anl weighad, Sanmples were then blaced in 200 rl
beakers containi 150 nl of ccncentratel hydrochloric acid (”6.,.).
Enougn stannous chloride was added to keep the iron in solution,
Sanples were stirred ard new HCl was added as necessary. After tw
wiceks samples wers renoved from the HCl solution, washed, dried at
70°C for 24 hours, and weighed,

During the disaggrezation of the clastic samples the loss
of HCl solubles was recorded, The process used is detailed in experi-
ment 3, Apperdix A, It should be pointed out that this process is
inherently different from the above mentioned process in that here
samples were placel in HCl sclution whole while in the former they were
first ground up into fin2 pariicles, Tt is Dbelieved that both process
yield results differing by only a faw rercert as irndicatel by samples
treatcd with both processess Finally a nunber of HCl residue sanp
were dissolved in an 80-20C solution of KOH, ses Appendix A, oxperinent
4 for details, R=2sults of the HC1l and KCH solutle data is present=i
in table VI,

The percont HCl solubles is an indication of percent heratiilzs
present, Aside from the iron formation samplas the CQ and CQS
of clastiecs containel significant amounts of hcmatite, Hematite

ES

constitutes primary deposiis in soms of tha CQ, clastlce

“
L ]

The parcent KCHY solutles is an indication of percent

crystallire chert pressnt, OF the four clastic grcups only GS Socs

not con’2in crystallire chert, In grouvs C3, C33, arnd CS the chert
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Ee Sample Classification

Using the results of previcusly described analyses with emphacis

on the birocular analysis, clastic
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main litholozical groups some of which are further suhdivided, The
type rames are chosen from the prevalent litholozgies now present,

A generalized summary of the data with descriptions of each particular
rock ﬁyﬁe encountered during the study is presented here, Fach group
and sub-zroup hes been designated by a formulated notation for zase

in presentation, Table VII presents the range in composition for each
1ithological group.

Cherty Sericite

(cs)
The cheriy soricite (C3) greup iz Tound in only a few locations
at the loore liine, C3 lenses are sirgular in character, all being
early equi-dimensicnal in cross saction and entirely conforrabla
with the surroundinz iron fermation, £As the nanz implies chert and
sericite arz the predomirate components of this rcck type, The

composition is tabulated telow with range of percentazes included:
Quartz clastic = - = = = = = = == 0

hydrothermal- = = = = = =« = 2-
Sericiiee = = = = = = = = & 0 & =@ = = =~ -~ - B0
Chert

clastic

matrix-
Hematites = = = = o v = e v e e e o - e == 123
Magnetite = = = = « = = = = = = = = o - = - 529
LOUCOXANA = = = = = = = = = = = = = ~ = =

v
L |
t
| |
U |
[ |
(I}
1
| |
| |
N
(o N o]
18
< O
o
wm

[}
N
1
0

The chert is visible as srall nosaic ovals averaging

0,51 - 1,01 rn in long diametsr while the chort particles compoasing

]

the moszic are analler in sics by a factor of two to *hrze, Theaa

3
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chert ovals a
alteration prclucts o? hematl
nute sericite
blade-shaped with their

nitude The outlin

are uquh_]v outlined by titaniferous

and leuco:xernz while lying in a

4
macnet T3

sroual-

O

cit

4

onr o
Baa -

ery

3

as the chert nosaic, ing magnetite 1s of hydrotherma
origin although there are isolated, slightly wern crystals with-average
dimensions of 0,03 mm x 0,01 ma, lMost of the magnetite is in the process

of altering to hematite., Some of the 1
typical clastic

les:

0]

cant to note that there ar= no instancs

observed in the process of alterinzg to leucoxene,

are magnetite or leucoxene,

distributed blotches throughout the samples obscrved.,

is superimposed upon the entire rock,

D

In most samples the chert

axis parallel to the long axis of the 1

which is also parallel to the strike of

w

coupled with the oval shape presents a

similar to the pillow lavas of the llox

The author is not suggesting that the

in any way indicative of a similarity in ori

doubt clastic, Rather the textura

of chert were deposited individually ore on *top of

us enouzh wnan deposited to

o

ultant defornation

aranca and are prokaoly either

likely complcte alteration productis of rmagnetite,

Hydrothermal guariz

granules are orientated with thelr long

the rock

eucoxene fragments also exhibit a
primary clastics or
It is signifi-
s where magnetite crystals are
either the crystals
appears in ranionrly
fdematite stain

-~

=

ns2s in which they occur,
the iron forration, This
texitural apnearance very
nern Yarquette District,
similarity of appearance is

gin, they are without

suggests that blobs
the other, each
ewly

n
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Cherty Quartzite
(cQ)

The cherty quartzites (CQ) are found abundantly throughout tha

clastic horizon in the iloore liine Thi

Q

group, consisting prirmarily
of chert, quartz, and varyinsg percentages of hematite, is readily
divided into two sub-zroups one of which contains three classes,

These Tour distinct lithologies, designated CQuqy O CQA3' and C0n,
are listel uith their conpositions tabulated balow; all are conformable
with or grade into the iron formation:

CQﬁl CQAZ CQA3 CQs

Quartz

clastic- - - =34=60 1y -60 3 -50 €5-75
Chert

clastic- - - ~ 4-8 0-0,5 5 2-4

natrix -

0
-35-55 30-65 35-
Hematitz
Magnetite = = = = = = = = 1-3 1-7 1-7 1-2
Chlorite~ = = = = = =« =« = 0 0 0 2-7
FPor the CQp's, the quariz presant is prirarily clastic sand grairs
of the clear variztiy along with a few isolated fragments of nilky quariz;
no hylrotherral quartiz has bezan founl in any of the samples otssrved,
ranzz from 0,12 to 1,30 mm in sire, the averaze b=2irg

Clastizc srain

S

[0}

0,50 mn, Averaze measurel rcundness ard sphericiiy of thess zrains is
0.5 and 0,30, vrospectively., Due to the extensive amournt of henatite,
hand specinerns app2ar to exhibit sand grains that arc corroied, 1In

destainad polished sections the grains are found not to be covrrolai

but ratr to b2 "floatinz" in a matrix of hematiiz anld chert, Ther=:
is no preferrcd share orientation observable; one sample from thz llew
Richron? lins, howevsr, did have a A7 naxi=un C-2:is orizniation,



Finally, rains shou the typical undulatory extinction of

Z)

%]

nos

retanornhized quartz, A Tew angular quartz fra
averagze dinensions of 4,57 x 2,19 nn,

All gradations of clastic chert ars found from fragments down
to gronules, The average size of the fragmenis is 3,08 x 1,01 nm;
the granules range telveer 1 0,80 and 0,50 mm in longest dianeter
Shape of the granules are either oval or spherical all wiith near
perfect rounlress, The chert crystalites reasure betwzen 0,00 and
0,07 mn independent of vhether they are constituentis of the Ifru

granules, or matrix of the specimens, All chert exhibits extensive
undulatory strain,

Magnetite is hydrothernzl in origin avpcdrinﬁ as well developad
crystals, bloiches, and dike-lile-zirinsers currouniins, but never

cuttirz through *he quartz ¢rains, The chert granules, curiousl Ao

netite interrived with the chert crystals,

rearanc: ¢f the marnetile is Tresh altiihocugh some can @2

neratits arnd leucorenz, Yznatite vlarnkets all the
[

sanples; oncs the staining has bein chemically renovel tha rezidual
nenatits 1s found %o be an integral componcnt of ithz mairix, Tisurs

6 shous a photomicrorrarh of a CQy~ sanple from lans 71, Quartz
grains in varicus stazas of undvlation are sesn floatin

(rosatic) and hemztite (opeque) sroundness,

The £Qx sub-group varies sli

present both =3 clear and nillly sand zrains, The msan 3i~2 i3 s5lizhily
larzer O - 2,00 mn, while the cprericity ani rourdnezz of the elezr
grains avs the zame, Th2 quartz smalins ar2 pacizd closer than the



Coa
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CQA'S resulting in.undulatory extinction and interlocking texture
with suture structures in conspicuous evidences Again no preferred
shape orientation is observable, Unlike the former, milky quw vz is
found as rounded grains up to tuice the size of the clear quariz
grains, Petrographic study indicates that these are rounded frag-
ments of quartzite (possible lesnard source), :
The chert, magnectite, and heratite content is observed to be

similar to the CQ,'s except for the fact that magnetite is not
observed altering to leucoxene, The prirary difference noticed

betwesn the two sub-groups is the presence of chlorite in the CQ3's,

-
Cnhlorite is seen as sheoafs and plates intermixed throughout the rairix,
it is 1light browm to oright green to darii brown, has a biaxial negative
optical character ard is slightly pleochloric. The above properiies
would indicate thuringite similar to that discussed by James (34).

A typical occurrence of a CQp clastic is shown in figure 8, containing

interbeds of chert (1lisht), nematite {(dark) and CQg.

Thile each of ike four lithologies pcssa2ss the same general charac-

teristics they d iffer Trom each other in one or nore specifies, Tor
instance only CQp contains chlorite, only C9,, shows evidence of
<
(A - . 03 e e
significant prinary hermatite, while only CQ._-\1 and CQp contain signifi-

cant amounts of clasiic chert. CQy sinilar to C3y , except for the

3
ﬁl. . . 1 [}

lack of chert end closer packing, Figure 7 shows the close packing of

the CQ;L3 1itholozry. mMurther each of the sub-groups seon to be restricied

Lo a definite g2ozraphical Jocation; CQu 21 and CQy are locatod at the

Sy 4 . .o
SOUihern extent of the Yew Richmond Minecj €% 2 anl CQ.., are located at

the -e ) . P v
Y& Foore Nine, the forner in the eastern and central portion the laiiarw
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in the western “ortlon (one snrall C, lens #1 is found in the far

2
western oxtrenity of the lloore 'ine)., Finally, each of the litho-
logies ars found in a particular physical setting., At the New
Richmond Iiine CQ&1 ard CQy are interbedded with the iron formation,
most beds bainz only a few inches thick, The CQA2 type is typically

found as long, narrow, perfectly formeld lensas; while the lataral

edges of the CQA3 fapa

e by "on-lap off-lan" into the iron formation,

Sericitic Quartzite
(Qs)

The sericitic quarizites (QS) are composad primarily of quarts
grains in a sericite matrix with minor amounts of magnetiie, hesnatite,
and clastic leucoxen= all in various degrees of alteration by hydro-

thernel quartz solutions., Tre range from sample to samples and from

lens to lens is hizh. A typrical seni-polishaedi specimen is showa in
fisure 9., VYote the apparent lineation and corrusion of the quartz
grains, This group could protably te sutdivided into saveral sub-
groups with more detailed study. A tabular conposite is presentad
below:
Quartz
clastic = = = = = = = = = « =« = = =~ 20-55
hydrothermal- = - = =« = = = = - = = 10-30

Sericite= = = = = = = 2 - &0 & 0 - m - - - - 30-50
Chert

matrix- ' 0-3
Hematltes = = = = = = 0 = 0 &0 2 0 o == === 14
Magnetite = = = = = = = = = = = = = =0 = = - - 0-3
Leucoxene = = = = = = = = = e = = = = = = = = 0-12

The clastlc quartz grains differ from similar grains in the
other groups in being oval in shap2 uith averaze rounlness and

sphericity of 0,63 and 0,50, respectivaly, Grains rance beiween

e
.7
u“{
o’
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0.20 ard 0,68 nn in size with 0.45 as the average. - Hydrothernal

solutions have cut tnvouvﬂout the specimens significantly altsring
the granular texture. Many instances are observed whare solutions
have extensively corroded grains. All clastic gquartz greins show
strong undulatory extinction ard interlocking texturss. In places
the grains arvre highly fractured and filled with hydrotherral quartz,

magnetits, hematite, and sven seoricite, Only in a few instances can

quartz ba seen partially replacsd by sericite,

The matrix is composed of over 255 sericite in the form of
rectangular sheafs, Occasionally a few small grains of chert can
be 3deatified, In the vicinity of the hydrothermal veins thare is
a noticeable enlargement of the serizite grains,

Magnetite is observed as long stiringers winding around the clastic

quartz grains and being altered almost completely to hemaiite,

C

Another form of magnotite is in evidance, that of rounded and seni-

w3,

roundzd rectangles averazing 0,07 by .02 mm in size, Thesz shapos

would indicate a clastic origin; the grains show no signs of alteraticn,

-

Hematite, aside from tho usual stain, is visible az an alteration
product of the hydrothermal maznetite; no trirary hematite ig Presant,
Leucox2ne zrains are found abuniantily throug
senmi-rounded rectansles averazing 0,03 mm in length, There are
aporoximately four times as many leucox:zns grains as magnetite zrains

in any ~iven sanmple; furthsr, none of thesz grains show any alterzilion
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Cherty Sericlitic Quartzite
(cas)

The dominant clastics, by volume; at the lMoore Mine are the
cherty sericitic quartzites (CQS). This group is readily divided
into four sub-groups descrited below,

(c3sy)

The most prominent of the CQS sub-groups is the cherty
sericitic quartzite conglomerates (CQSA) consisting of various sized
fragnents of chert, quartzite, sericite, iron formation and QS ran-
domly deposited in a fine grained matrix of chert and sericite, Due
to the nature of this sediment there is a large varlance from sample
to sample, Figures 10 and 11 shoﬁ two typlcal textures for the CQ3,
lithology. No attempt was made to subdivide this sub-group, A table

of the range in ccmposition 1s presented below:

Quartz

clastice = = = = = = = = = = = 5-40

fragnent = = = =« = « = - - = = 0-25

hydrothermal = = = = = = = =« = 0-20
Chert

clastice = = = = = = = = = - - 0-27

fragnent = = = = = = = = = = = 0-25

matrix = = = = =« = = = = = - =20-65
Sericite

fragnent = = = = = = = = = = - 0-25

MALYIX = « = = @ 0 = = = = « ~10-25
Magnetite = = = = = = = ¢ c 0 0 = o« = = - 0-4
Hematites = = = = = = = ¢ = = = =0 = = = =06
Leucoxene = = = = = = = = = = = = = = = = 0-3

Quartz appears in a gredation of sizes from cobble-size down
to fine sand grains, Roundnsss and sphericity also vary over the
entire range, Hydrothermal quartz is visible as velns and blotches

throughout the lenses, in places conpletely surrouniing clastic



Figure 10, Typical CQ3, S
Fragnenis of 5, Chert and

curs 11,
Conmon Tear Lo




fragments, Loca’lj the clastic fragnents reveal intensiva dynaric
action being strainod ard crushed, and subsequently intruded by
solutions of quartz and megnetite,

Chert is prescent prirerily as a fins grein matrix, Near the
bottom of the lensas, the underlyirg fermursirous layers of iron
formation can b2 s2en in varyirg sta "decay", th2 hematite
eventually being
fragments dovmn to small grarules, Yost of the fragments and grarulzs
contain small perczrtazes of sand grains, Chert frasgments with sub-
angular shapes are found ithrcughout the lenses, usvally no larger
than a squere inch,

Sericite is also prirarily found as matrix; but therec are
nunerous fra-ments with inclusions of chert, quartz, etc, A few
isolated sheafs of biotite-chlorite in the early stazes of altaration
are founl throughout the lensas,

Magnetits is found only as hydrotherrmal veins ani poorly developad

crystals altering to hematite, Neither magnetile nor heralite

any appearance of being primary in origin,
(c357)
ComPOsitioh wise, the OQ55 sub-zroup is nearly identical %o the
CS, sub-group, the prinmary difference telng ths lack of fragnents

ard fines. In hand spocimen this reocl typs has the appeararce of a
"true quartzite"; when studial in thin section specimens ars seasn ‘o
contain low percentares of clastic gquariz grains while bein
sively soaked by hydrothernzl soluitions, ?erccnta;e conpositions

arec presenter
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Quartz
clastic= = = = = = = = = =« = - =15=35
nydrotrernal - - = = = = = = « 21555

Chexrt
Matriy = = = = = = = = = = « = =20-AD

Sericite

| matrix = = = = = = = = = = - = =10-25

lagnetite = = = = = = = = = = = = = = =« - - 04

Hematite- = = = = = = =« = = = = =« = = = = = 05

0-3

Loucoxene = = = = = = = = = = = = = = = - -

Quartz grains are similar to those in CQS, specimens except that

D )

they exhibit a pronounced cynanic nistory. The chert and sericite

ompose ths matrix ard are found as fine grains and sheafs respactively,

R}

Occurrences of ragnetite and hematite are also sinilar to those
described in the previous section, The occurrsnce of leucoxene is
slightly different from that of the CQ5, sub-group; it is observed

only as an alteraticn proiuct of rma
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texture, The percenia

Quartz
clastice = = = = = = = = = = =« - 0-20
hydrotrerzal = = = = = = = = = =« 2250

Chert
mtrix = = = = = = = = = = = = = 3215
frazment = = = = = = = = = = = = 0=5
[0}

Sericite- - - -
Blotita-Tnlorites = = = = = = = = = = = = = 1-9

YO 1)

20i8ite = = = @ = = -, e .- .. - .-= ]=]2
Leucoxene = = = = = = = = = = = = = = - - = 22173
0-3

I:E'.Sﬂctlbe""-""'""'""""“"'"-"
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impregnated with slenler sheaths of leucoxene {(zez < Se 12).  There
is no obzervable cevidence that the leucoxene resulted from alteration
of the magnetite; all zrains are 1007 leucoxesns, A feuw quariz grains
ani quariz ard chert fragments are present, Samples stulied are
soaked with hydrothermal quartz. Also, =ignificant quantities of
chlorite-biotite, pyrophyllite, ard zoisite have been identified,
Pyrophyllite appsars to te ceoncentrated clonz joint planes arnd is
believed to be of hydrothermal orizin.
(¢35p)
The CQSp suk-group has a composition and texturs betuwoen the

€, and C3S, litholozi=z, This lithologsy appezars as a loosely

racizd CQAZ with minor but noticealle percentages of small chert,

sericite, and hydrothormal quarts fragments along with an equally
small influx of sericit=., The averare compozilion cf thz sub-proup

is presented telowu:

Quartz
clastic: = = = = = = = =« = = - =30-69
fragnent = = = = = =« = = = =« = = 0-5
hylrotharnal = = = = = = = = = = (=2

Chert
clastic= = = = = = = = = = =~ -
fragment = = = = = = « = = = -
matrix - - = = = = - - - - - -

0]

’
(oo Ne)
1

o

Sericite
fragment = = = = = = = = - - -

wn

Patrix = = = = = = = « = « - -
Magnetite = = = = = = = = = = = - = - - -
Henatite= = = = = 0 = & 0 = 0 = = = = = =

T
o
OO0 00

1
D W o n \J N\

1]
o)
o

1eneoyanse = o« e = = = & ;.- e .. - - - -
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lithological and textural propertias each lens has bean categorinel
and placed into a 1litholozicel zroup or sub-group, Lenses #1, #2
#8, M1, Ab, 19, #30, ard #38 are th2 typc lenses for the Cps
CAS4-C3q, CZ, CQ5p, CJSpycokkble, &3 anl CQ, croups and sub-greups,
respectively., Prasentzd below is a description of each lens stulied
in numerical ordar, sec tap II for their location, Takle VIII con-
tains tabulated data for each lens, while table IX contains a summary

of lens data by litholozy.

Clastic lens #1 is the itype lens of the QAZ sub-group, The

dimensions are approxinately 40 feat by 4 feot and thus a shape indax

of nearly 0.1, Although the general shape i< that of a double convas

lens, the westarn portion exhibiis a slightly greater width, The

lower bourdary varies from 1,5 to It Teat above lens

surface consists of crumbled matsrial and, due to the subscquent

erosion, is slightly depresszed b2low the surrouniing iron fornation,

The actual contact, howsver, can readily bs ohrssrvel and is conformatle,
The averazz composcition of the lens is 1dentical to that of ihe

Ci, 1lithology; the sand grains "Iloat" in a matrix of chart ard

henatite, The lens exhibitsz zocl sorting and mediunm packirg of the

sand grains, the texture is homogenzous. Anr2lysls of data irndicates

a slight increase in percentége of quariz greins and primary hematits

from the bottom to ths top of the lens,

g
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Lens #2, the main lens, 1s th ‘oocre
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largest clastic boly at the

Lo

[
o
>
¢

Tnis

—
=1
[¢)
.

.
sasternnost 12ns extanding from tha zaster

=

~ al~n
.3 SR



65°0 G0 640 y* e €0°0 0% 6°Ch Ceto
v/x v/ii V/i 0°0 010 8*0 8'e G0
16°0 18°0  G9#'0  S°gE=L'0  50°0 AT €°€LT  Osbo-Vsuo
0'1T €1 i6°0  16'0 440 9°9¢ 011°0 ot 0°¢ Clsto'e
5°0 13°0  94°0 PARRT £zro 22 §*6 U450
Ge*o (0] 90) 290 ¢*LL 41%0 0°'1 3¢ -5
3% 6°2 V/i Y/N V/il 0°0 950 G*¢ €9 50
150 T8'0 9% §°5€=4'0  §0°0 et €Lt Sgbo-Vsuo
00 €40 $%°0 2o 210 G0 4 Velo
0€'0  G4°0  94*0  9'4€-0°0  TT°0 G*e g ee Vsto
2 6°0%  02°C  64°0 0 G'TT GI*0 AR 9L Vg
9°64 §G*0 080 Gir0 A 21’0 0°% G or Vg

€1 T€-6°0 85°0 84°0 e G*15-0°0 91°0 8°9h H*2ct Istio-Ysto <
29 6'€z  62°0  03°0 0 0°%L 01°0 g°¢ G UE Vo

S9TARIY mmaﬂ:aom (uuw) - \ Am\zv (33) (33)

% Tl & 2233 2 anmscm = edeys  YIpIA  y3dusT  AFoToy3 Tl

VIVA SKST DILSYID

IIIA @Tqel



v/ v/ v/i 0°*0 51°0 W0 1°¢ 50 G

(SN

. 05°0 &Y €9%0 9° G 02°0 §*0 G st L2

6E*0 640 940 8°CT 90°0 g G*99 Vauo 9

19 A4 o*0  §H'0 Y0 AVAT $0°0 1°¢ G 94 st ge
L5°0 08°0 04°0 9°cs #0°0 1°€ S 1l Cotuls) a4

- == ===« -usygl sOTdWEG O = - = = = = - - 6T 3°0 £y Vgbo €z
W0 LL0 S0 34 00 6°0 Gy Vi e

620 080 811°0 1 2e GC*o 61 €4 oTq10D 12

LE®0 3°0 G0 43¢ 72*0 €9 Gede 81490y o

2 T€°0 gg*o L0 4°0€ 410 0 7°42 9TAqOD 61
49! T3°0 940 9°0€ 80°0 6°¢ 9°1,C 2T4R00 ol

6¢*0 ¥°0 G4°0 6 1€ o) 6° 1 g°€ct 974409 A

' 54°0 40 6*0 G1*0 s 0%i2 Vseo vyt

09°0 ¢80 09°0 & 2Lt g9 0°6 st 91

5€°0  I5'0_ 40 ATA 1£*0 02 G*9 Vsug g

ssTawe  sorqniog  (Wu) (t/») (33) (33) #
% TOH ¥ 3z15 S Y i adeys Y3 Pk Y3euo] £fSoTous 11 SUOT

Z3aTNY

(P,3U0d) IIIA @Tq®L



70

AT AL A I () W59 90°0 T LCe o ey
C..

89°0 18°0 £4'0 0° 44 420 *s1 i°GL Voo o

L5 4T 69°0 T3 84" 0 € <r'0 €* 01 1°8d LV oL

00°62 9L°€T €9°0  £€8°C  94'0 9°GS  60°0 gl g9/ irg e
05'0  94°0 040 s 9er g2 9°07 Yoo L

240 94°0 240 %4 90°0 FAKA € T4 Cz0 9¢

- = - == ===~ -udT SOTAUES O;f = = = = = = = = - = PAREY) 170 £ ¢ Veoo 5¢
-~ - = = = === - UANYL SOTAUTS O] = = = = = = = = = = 220 20 6°0 Vero e
817°0 43°0 Gi*0 80 €¢o 1*0 21 Vsoo €c

9i*0 160 100 g*L2 60°0 0'1T P ot o

Gi*0 £5'0 G40 6y $0°0 i*€ 6*LE dsto s

Ge*o AV 058 o6 Ce 190 AR G*li GO ol

£6°0 640 1 0 G5l ze" €4 0°0¢ Usho Ry

EERVCETH seTqnios  (wu) (1/4) (13) (74) i
s 101 % . 821§ S Y < odwyg UIvTh  YiSuot £SoToy3vT. uo]

ZAITRO .

(py3u0d) IIIA @79l



71

-- -- L5 05* Gy 2*zn e g°c T°CH Gebo
-- -- A% Zg* 91° 6°6E 61° 7€ JARYA 314490
-- -- sy €1 tri® 0'e - -~ -- I dod) Jur
06 4°ST L9° 3" L 0°¢S GT* 6°TT L*94 vy
¢t eon S 64° o AKAl ot* e 7°Ce Vo
g8 6°¢ 0°0 ge* 9°1 U S0
4 g Gir® 05* £€9* 6°6E 1e* cre 7° HE 5
0'T €1 5° Zzg8° 9ir* Akl e g2 §°9% Ugto
€1 m.ﬁm-opo 1ri® 6L* 9%° *55-0 91° L €016 Vsto

$97qRTo5  saTGNIog 9218 S ¥ i adTys Y3 pIn YiouaT K50oToy3 1T
HOX & 104 % 234B00

AUVIGINS VIV SNIT DILSVID

LI °TqzlL



cf the stripred area westuard 302 Tzeb to a point just berond Richani's

Cut, This type lens ol the CQS,; and C3Sa sub-;roups, is conspiecu-

A ) .

~

ously exposad as a gently rollins razss risinz in sonc .places well

1o

Ty
e
G
w
<
o
D
=
(o}
o‘
3

abtove the surrcundin; iron formation, Fizure 13 sh

norith across lens #2 fron the southern edge, The glacial nolding and

oy

ematitic staininz is prominent, The over-all chape apprcaches that

1

of a double convex leonsg houever, on detailad examination, there 4o
appear to be several discrepancies, After corracting for elevation
and dip the lenz assunes 2 more symmetirical shape, The contact
between the lecns andl the enclocing iron Tormation is usually maried
by a zone of brecciatzd naterial a feir inches in width, At the
lateral borders of thzs lens the iron formation bedding can be secn
to arch around the bvotion arl top, coming tozether within a few
inches at the wectarmn end arnd a few fest 2t the 2astern ernd, Only
a small triargular zone of bracciated rmaterizl narks thace arsas,

Minety percent of the iron formation-clastiic contact can b2
classad as conferrable; cnly five areas (one on the ‘op) pose arparent
problens, Of thesz, two can he explained =y movement al

joint planzs, The one area on the tor is in a siructurally dis*urbed

position whers the upper portion of the lens has bean displaced by

o

th

)

lloore Tault, This fault can te tracad 75 22t west tc Zichard's

Cut where it 1s well exposcd in cross section and is seen cutiing

.

the iron forrmztion at an angle of 2L d=

D)

zonas, which are thes two rmajor areas with ceontact iiscrepancies,
can also bte explainel by moverent along aiistinag

D)

althouzh with not ths sams da
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A triangular shaped fragmant of bandal iron fornation
(3 £t x 3 £t x 3 ft) locatad four feet above the base of the lens
was deposited contemporancoucsly with the rest of the clastics,
Its well banded t=:tture abuis sharply arainst clastic material,
This was the only obhserved occurrancz of such a larzge lron forna-
tion fraszment lcdgsd within a clastic lens,

Structurally, the lens has te2n distorted by folding and faultino,
The lloore Faulti trending alonz the northern edge of the lens can te

traced toth east anl west for sons distance and appoars to be a major

ct

lineation in the arsa, ZBesides the fault ther
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arz a great nunber
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prop2xr, scne of which

seen to pass uninterrarte? into the iron formation belouw, Tew pass

1]

into th2 iron forration ahove,

h

[P
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[¢]

surface colorztion is preloninantly whitish-yellow super-

rith numerous randon blotches of harmatitic czlain, nreducin

g

impose
a leonaxxl-lila2 desisn (fige 1), Seraial arcas are characierimel by

a grzen coloration, probzbly zoislte, In zddilion thers iz a nolerzts

quantity of pyrophylliis occurring alen-s surface joint planss,
Arother surface Zoature dacerving renticon are the guartz "plaszizxz”
found usihout the lens surlface, It is interssting to note ihzti,

2
<
D
=
o]
3
ct+
o
ck

e iron formtion, Thase vlasiers consist of hydvothermsl

gquartz now averaginz fron 1/2 inch to 3 inches In thizhnzzs and
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Relatiorsihip of these guarts plasters to hydroihermal quartis veins
is pessibla, one veln measuring 2 f2et wide and 10 feet long passes

& few inches from one ol the prominent plasters,

On first exanination, the lens appears to be a dease congloncraie
containing angular and rounlel pebbles, cobbles, and boulders of
quartz, chert, iron Formaiion, etc, Close inspzaction, houwever, *
discloses that only a snall pexcentagz (less than 20,7) of these
pseJdo-frﬂ sments are actually fragments, The coloration, parti-

cularly the henatite ccloration, is very misleading in this respect,

Fany stains follow fraztur2 patterns thersby outlining ansular
clos=d areas which tale2 on the appeazrance of ansular fragnantis,
Murther, the previously nontioned quaris placters were found to
£i11 in any surface irrzlarities, When eroled awvay, these poclhiets

of reralininzg quartz tend to zive the i1llusion of bona fide pebtles,

A close-up of the surface of lzns 72 shouing a seni-roundel rectanzular

cotble and numsrou
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The composition of lens ;2 is within the ranze of corpositions

for the £33, and CQ3¢ lithologliss describeld previcusly, Ths £33,

sub-group is fouad in the central portions of the lerns, a

=
&
<
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several Teet from either cnde Cbservations of the cxross section at
Richari's Cut shows that the CQ5n entends doim dip without appraciavle
change, This lithology typically takes on a yellouw-groen coloraticern,
The C3S,, sub-zroup presenis a problenm in correlatlon dus to Iis
extranc variation throaghout the lens, Dssentially, thers are thrao

Y . [ R . L 2
temtural Lypas uwhich can b2 used Lo catejoriznz the enllaciad specinanc

v

turizslent, fragrmental, and fins grainad, Tigoes 10 ard 11 praseoant
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fering fron lens 2,

Je
)
)

n the CQ3, sub-group di

fore

Tnis lens is

containing meny anzular fracsnenis of sericitic quartzite (383).

1we matrixe, Samples studied ar
hizhly varia®ble being both poorly sortzd and loosely paclhed,

Physically, the lens is 35 feet at the closest point below lens

Wnether othor clastics erist straticraphically below Is undetermira

since thz strippad area terminates inmediatzly to the south, 7

iroar formation is completasly conformable with the lens,

Lens #5 is in the sane horizon as lens .5 being @ Feat due
It too has a conlornatble rzlationship with the enclosiag iron
tion, Only ore sanple was obtained - its compozition uas CQSy

e e At o ey s - . -
fraznente of chert anl quaritz in aburdarce, The lens is quite

This lens is terely discernabls from lense: 22 and F12 and

with caretul mapping was discoversd, Itz western end is eiposs

Richari's Cut; the eastern end is covera?

mutble witrhin the cute An eouxcellant cress sectional exposure ¢

in

crains are present, There also appears to be a rinor

e

fal
e

1
ne

only

I on

2L
with

an

b2 s=2cn on the wast wall of Picharl's cutl while on th2 cut floor it

can barely ba itraced, 'here seson in contast with the iron fouw

®
-

Al
hle

2tion,



t is conformekle with the excsptlon of a small quectionable area

e

wt the western cnl, The cemposition is sinilar to lens 72,

[ah)

LEisS #8
This lens, the type lens for the CS group, is the most circular
lens observed with a /L ratio of approxinately 0,6, The lower

bounday is less than one footv above the large lens 57 and approxi-

I’y

rately ten feet west of lers #2, The surface is badly disyupted and
coverel wit\‘lichens; naverthaless, the boundaries are cleaxly dis-
ceraible, Tn2 contact hetueen clastic and iron forration is perfectly
conforrable with the above and underlying beds eunibtiting pronounced
archings, It apnears that Lhis crchirz iz the resull of depositional

=

conditionz, Fizurs 15 shous the la2nc as it appoars in the Ti21d;

notize the pronouncced arching of the surrourding iron formatiion,

e N . 3 3
Two samples (66 and 57) uwere stuiiad in dotail; A5 was exaninel

52N0US,

specinen  extensive pltiting cansed by nmasnetite grains weathering oudl,
The iron forration between lens 8 ard #7 shous exiensive wesatharin
of chert and recrystalization of heratite, It is nearly identinzal o

thie rocl: betusca lenses 22 and #7 in that both exhibit soo? teddinz
ard heve siniler percentages of clastic quaris grains,
L
Lens 9 is a =zmall lens-chaped clastic boly of the 33 typ=2. It
appoars to be related to 12 by an area of hizh density sand grains,

The lens as mapped is confornmatle with the surrounding iron formatien,



80

Maure 12

Humerous







81

WIS 410

is readily apparent, A few well-rounded quartiz

in a predoninately cheri matrix, Hydrothernal guartiz 1s prevalent
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Lens #11 is a small lens less than three feet below lens #12
and soma2 15 feet west of its counterpert, lens /A0, As is the usual
case Tor small lenses, the iron formation 1s completely confornakla,
This lens is a typical CQ3p l2ns with good sorting, dense pachinz
and a hizh honosen2ity, ILons #11 is the type lens for €55 sub-group,

The Moore Fault has cut away the erilre uppar portion (prorably

actor in its resul-

there is a noticecable sparicity of CQSy litholezy, Frasmenis of
quariz, chart, anl sericitic quartziie predoninate,
Th2 overlying iren fornation 1s quite different from the typical

-

underlyinz iron formzltion in that it consisis mainly of cherit bracei:

W

o~ L S .
2 of sanl zrains at ths

in 2 heratite an? chert natrix, The porcontz
contact is high but decrsazes ranidly, An anzle of 15 de-ress nou
iists bziusen the top of the clastiic lens and the iron forrmation,

Unierneath, th:2 ivron formation 1s generally conformable with the

lens althoush thexre are thra? monas of discrepancy. Two of



difficult to rasolve although it dess lie along a possible joint
plans, An interestine narrow dike o°
fect into the base of this lens, It possasses bzlding roughly
parallel to the unlerlying iron formation and an above averagsz
parcentaze of sand grains., The wastern end of the lens is con-
formabvle to the iren formation beinz similar to the eastern end
of lens #2,
LINS 413

Lens #13 is a vary thin, entirely conformable clastic body lyi:
orly six to ten inchzs above lons #b4, Tt is some eight feet long
and only ore fool wid=2, Tus to its size and surface conlition, it
is harlly disiingnishabla from the surrourdlinz rocks and except for
its differance in composzition weuld b2 e25ily nistaken for a part of
lans #14, The corposition is that of a homogenscus w2ll sortzd,
cherty sericite with grairs of magnetits scattersd evenly throughout,

v

All the magnetits is 1
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pititinz. The surrounding iron fermation is the typizal handed
variety with the hematite in var*ous stages of recrystalization,
LINS #14

Lens #14, a ﬂQJD lens, is only four fe2t siraigraphically
below lens #12 at the rzarest point, 'Then correctel for elavation
and dip it is a very smooth, slerder lens completely conformakle
with the enclosing iron formation, On the eastarn ernd of the lens
tne conpositicn is that of the typizal £33

erd it is similar to tha fra

mentz2l variety of the 2735
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LTS #15

1
(3%

Lens #15 is located 15 £

m

tratigraphically below lens 1% and

()

O

5 feet above lens #19, %hile the iron formation is complstaly con-
formable with the lens boundaries, the area just to the west exhitits
localized slumping. The lithology suggests the CQS, sub-group.

The usual fragments of chert and quartz in a matrix of sericite,
chert, and sard grains is obs=arved; the textural classification is

fragmental, Of particular importanc2 is the identification of
cherty sericite fragments; this is the only lens observed containiry C3
fragnents,
LENS 416
This lens appecars to bte a large semi-angular block that
apparently eithar rollad or droppel (ice rafiing) into the iron
formation., It is conforrable at btoth ths top ard botiom; con the
sid=s, however, it is sharply unconformablsz, Conp
a typical sericitic gquartzite, in placazs it has the appearance of 2
good quartzite and may b2 a porcion of the Mesnaxd,
™ 'S #16-
Lens #16-4 1s a C(3, lers similar to lenses #2, #7, and #12,
The lens is conformable with the iron formation 2zt the top ani botiom
but exhibits a facies gradation on the wastern end, The eastazn end
abuts agairst lens #1%; its relation here to tha iron formeiion is
urknown.
LEIS #17
This cobile l2ns is a rathar indistinet lenz lying over 50 Taai

stratigraphically below lens #12, it i3 *the lowast of the achlla



lanses

0.

The jron

an

formation can be s2zn o surrouni the lens in a
The ono samplzs obtained from this lens displayc

conformahle manner,

a portion of a sericiltic quartzite pabdle,
1S A8
Leas 18 is5 only szven feel above lenz #17; it is an easily
trace? lens which, for the most part, is conformable with the iron
formation, At the wastern and this coxlle lanc cuts a channel
throuzh seven feel of iron formation; this iz the only itrue channel
cut identified at thz !loore line, Cheriy sericite, ceriziiic

quartzite,
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irdicates that this is not trucs Ca all sid=s except the east,
the iron formation is conforrabvle, The eastzrn siie does pose a
problem since it is heavily covsreld with moss and lichan growth,
The odd shaps is provahly due to pronounrncal folding on its western

side, The composition is similar *to the other cobble lenses uith

sericitic quarizite the pradomirate cobble
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sand zones arz found immadiately telow this

This lens is a snall, oidly chaped lans one foot atove lens
#20, On clcsz inspzction it is s=2en that the lens has been doublad
over dus also to feldinz and/or fauliinz, Ixcspt Tor the centact at
the fault plana ithe iron Tormation is conforrmabvle to the lens.
Compositionally, la=ns #21 is similar to #19.

1

Lens #22 is 2 znall clastic lens wasi of #20, This 035, lens

is entirely ccoformztle with the surrvoualding iron formatlon bsds,
It is quite sinilar “o lens #15,

TS #23
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nidway totwaep lans f12 and £L
Just south of the lloore Tault zons, The composition Is similar to

lens #12. ‘hether this clastic btody i3 a lenz or an isolatel cotbla
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Lans #24 is part of a complax of threz lensas (#24, #25, and #24

brouznt togaethsr and confusad by a branzh of tha liocors Fault; bty



top of this lens appcars to te cut by a plane parallel to the iron
forration with the lens deprassed nearly a foot, The lens is cen-
forrable to the iron formation at th2 bise and both sides, On top
theres is evidence of a discontinuity, one sample shows the iren
formation cutting at a 459 angle across the lens material, Lers
#24 appears to be a normal CQ,.  lens, it exhibiis fair to zool
sorting, medium packinz andl gool honogsznaity., The eastern end of
the lens shows a slight influx of rounded chert grains and
sericite sheafs,
LIS #25

Lens #25 is stratigraphic ale onz to threa feet below #2U bein
conformable on all sides with the iron formation, It is shape coa-
trolled by theo loorz Tanlt, Samples studled place this lens in the
QS group, There arse a nunbor of snall chert pebblzs alons the boticm

this lens, The lens appears to be connactal to #2& at the eastern
end, tut elevation-dip corracticns indicate a conlormatle relation-

2

ship, The sanec is indicated for ihe western sid
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#26 R
Lens #26 is a CQS, le2nse. On three sides the lens is confornzblz

with the surrovnding iron formation; hcuever, at the t of the

. ,,

western portion the clastics gradzs by way of a facies change into

the ivon formation, The relatlonship to #2U ard 725 is questiorablz

'r‘_)

tut without further study they are each considered a separate lens,

v 27
Lens #27 is a very slander, horogenecus, poorly definad lens

whose proximity to the lens imnzlistely ahove along with iis



Figurs 18, Closz-up of Zobble Lens #
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sinmilarity in conposition would zugzast that this clastic body is

actually rart of lens #25. Upon clese Inspzcting 9,7 foor of iron

formation was found to separnte the tuo lensss, VWith the exception

is a faint linsavity of the sand grains parallel %o both the length
of the lans and to the iron formation bedding,
LS #28

Clms ic hody #28 on first inspectilion has the appearaice of a
boulder, but closar inspection indicates that this is aztually a
wall forrad lens, The dinensionsare approximataly 2 1/2 £t x 1/2 £t
x 1 ft, the last beirc th2 lenzth dowm dip which could =xtand nmany
Teot, Tigzure 19 depicis tho ra2lationship tetuwesn t
surrounding iron formaiion, Thz conposition is that of the typiczl

CS rock tyve, belng very honmnogenous throuznout, Texturally, ther: ig

no sign of in lens #2, Leucoxene is
obserral {hrouzhout tha lens altzriaz Trom maznziite,

e western a2nd is confusad, detnll ie2ld

irspaction dafines a separatlion betwean lenses #29 ard #4230,

-
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A few milly quartz fragnents are found cecatiersld in the otheruise

LEISIS 433, #2, and 235
These srall lenses were studied only briefly in the field,
~ v

They are all conforrable uith thz surcourding iron formation, Siudy

of field specimons indicate that ihes2 lenszs ara of the C23, sub-groun,

Lers #36 is identieal to lens 29, Its CQ3p litholozy contains
fragments of quartz and chert in a Tine srained matwix, The entirs
lens exhibits peor soriing and loose to malium paching, the comgo-
sitien an? size of fragnentis is highly variable, The overlying iron

o° 4

L i

formaticen is conformable o5 is the underlying eastarn porticon, The

- ) o pinmd A A & KN P L - 0.
tase at th2 waziarn ernd of the lens cubtz the iron formation atb an

wn unusually shapad lens, Tron an othariise con-

2]

forrmarlas nain holy bang two apponlazas, ons confornable and the othar
not, The uncenformable aphsnlags anpzars to b2 a clastis dike of
serizitic quaritzite, This lans contalns other Traznents of chert,
quartz, ard QZ, typical of the C3s) sub-groud,
s #38
Lens 722 i3 one of a ;roﬁp of three large l2nses in tha wrestern

3 e - my, ~~ ~d A . —~% L.
tore lang, Tho castzrn 2ttranity
5 ey LS A . Woen ~L
main portion Hy ovar thrae Tani,
A3 anlaszmast algrs a 00 1htas
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plane, The major portion of this lens is conformable with the
surrounding iron forration exhibiting the characteristic double-
convex shape; the eastern edge, however, gradss into the iron for-
mation, This gradation is not a typical facies change; rather, it
has a serrated appsarance with a sm2ll scale tonguing or omlap,-
off-lap design. This homogenous lens exhibits goocd sorting along
with medium to dense packing,

L3NS #39

The composition of this lens is typical of the CQA3 sub-group,
Physically it is similar to #33 in that it contains medium packing
and fair to gocd sorting of its sand grains. On both top and bottom
1t exhibits a conformable relationship with the surrounding iron for-
mation, Cn the eastsra end, the lerns grades by on-lap off-lap into
the iron forma*lon, while on the west the contact is normal, Like
lens #38 this lens also has its eastern extreniiy offssi by a N309u
Soint plans,

Noticeably differsnt from the other clastic lenses at the loors
¥ins is the lens of iron formation within the clastic formation,
This iron formation leans measurss 41 by 3 feet; its beddirng is
parallel to the long axis of the lens and to the surrounding iron
forration. Tre lron formation appsars identical to the rast of the
iron formation in the immediate area. Th= top and‘botton are con-
formable with the clastics while both lateral edgss merze into the
clastic lens; the east, by tonzuing; the west, by gradaticn, It is
concluded that this iron formation lens was deposlited durinz the

tine of clastic deposition, One sarple collected from the contact
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of the lens anl thre bottom portion of tha iron formation lens disnlays
badding planes (layers of fino and ccarse sanl). Approaching tha
contact the badling is cut at angles up to 80 degrees ty another
cherty quartzite (no beddirng visible) consisting of snall, arszular
sani grains (0,34 mn) in a charty sericitic matrix, This 1ithology
then passes through several broken chert layer fragronts (usually
rarallel to bedding) and finally into the iron formation iteelf,

The whole transforration occurs within a few inchess., Aside from the
obvious tadding and a few rourdesd chert ovals the litholoxy is

homogenaous,

L=2ns ;40 3s tha lar

to account for, Its shape app2ars to

although no d=finits joint or Fault planas ars in evidznce, TFortions

cf the enclosina iron foruziion are conformable while at Lthe eaztern

3
2nl1 the iron formation grzles into ths clastic, The western znd
appears to b2 overlain by the iron formation, Compositionxlly it is
similar to the lenses in the area, Texiuvally it differs in exhi
ing poor to falir sorting am Slightly l=s3 than meliun packing.
Lens #40 doz=s not maintzin th2 highvde ree of horogeneity of lanses
#3S and #39.
LZNS 741

This clastic boly is a well preserved lens off-set in ths niddle

by 2 N79°Z striking fault, The horizontal displzcemeznt is about

nine feet, The lens is a typical £9._ clastic lens, Ths surrouniin

“ :.\2

iron fermation is idantical to thz iron formation Tound 1o thre =ast






of lens #2 arnd is entirely confornabhle., The contact velwaen ivoa
formation ard lans beagins at a heratite layer, The change is abrupt,
sandl grains ars nct seen proiruling into the hznztite layer rather

sand grains line the ccntact, The hematite layzr contains 10-20

,A.

percant sand grains in the 0,10 rn class evanly dispzsrsed ovar the
first few inches. Thz texture of thz lens is sermi-homogeneous,

the sand grains exhibit poor to falr sorting ard loos2 to madium

G. Cobble Zone
The cobkle lerses ocoupy a mone arproxiratzly 235 feet parallel

to and 10 to 15 feet paxvperdicular to the strike of ths iron formeticn

than 25 feet stratizraphically telow +the rain lenszss of the arza
(#2 ard #7). Thare ars Sour larze lenses avaraging 21 feet by 3 feet
alonz with at least one smaller cobble lens Lt feot by 2 feat, The
long dimension is alueys parallel to the baddiasz,

All lersez ara founl to b2 =znclosel withia the iron formation
althoush there are a few zandy cones immnsliately to th2 scutheast
of lens #22, _Therc ars no hofizontally 2guivalsnt clastics obzerved

sre

at the loors Hine or for that matiter anywhom
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sinilar to that of tho

=
1
jS]
c!
b
[o
o
5‘
e
Q
o
=
4]

and granite collbles lie in
€33, lithology. The granits cobbles ars highly weathered, the
others are only molerately weathered, A tabulation of average

cobrle and matrix cormposition is given below:

Cobbles

1

'

1

1

!

!

!

1
%))

Sericitic quartzite (38)-
Cherty saricite (Ca)- - -
Hydrothewizl Quaris « = = = = = = = - - - 11
Chert = = = = = = = = = = = = = = = = = = =3
Granite = = = = = = = = = = = = =« o = - -2

1

Shale (?) = = = = = = = & = = 0 = o o = - -

1
'
[}
]
1
)
)
1
L
Vel

Yatrix

Fod

-]
Quarts Traing = = = = = = = . - = = - - - 228
Sericite- = = = = = = = = & = @ & - - - - 245
Chert fragnentis = = = = = = = = = ¢ = = =« = §
Other frazmenis = = = = = = = = = = = = = = Q
[‘a_sn_,vl\“,--------..---..........3
Leucoysange = = = = = = = = = = ¢ = = =« .- - =2

A set of historcrams for cothle lengths ard widths is tressnted
ir fisure 20. Lengths weore measured tetweon the tue points further-
most ranmovel fron each othar on the exposed cobblz face, widths ware
neasursd perpendicular to the lensths Roundress and sphericity
determinations were made in the field using Krambine's visual chart
from p. 81 of his text (33). Histograms for these are presentied in
fizure 21, 'hile cobtle dinensions ard shapes vary slishtly Tron
lens to lens it i35 evidant that the cobtles in each lons are derived

from ths sane basic porulation, Cobbles are well sorted ani dis

Y
rla,

fair round s arnd poor sphericity,
The anzle boiusen cobble longth and the siriie of the roundin
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neasurenents were teken on surfaces perpsndicular to the bedding,
except for lens #18 where the surface dippsd 30 degrees fron the
perpendicular,

The ratrix of the cobble lenses consist primarily of sand grains
in a sericite matrix with minor constituents of chert and vein
quartz fragments, Magmetite and leucoxene ars also present, There
is no primary hematite, Analysis of the sand grains shows that ;hey
are similar to the sand grains found in the C334 lenses with values
for mean size, roundness, and sphericity of 0,31 mm, .43, and .81,
respectively, The grains are bstween 1.0 and 10,0 nm in size and
exhibit sub-angzular to sub-rounded shapes,

The frequency distribution of the cobble lanses consists ol four
modes; the cobbles at 65,0 mn the fragmenis at 5.0 mm; the sand grains
at 0.3 M, ard thne sericite at 0,03 nmnm,

He Iron Forrmation

Two distinct phases of the llegaunse Iron Forration are fourd in
the Moore i'ine vicinity. The typical ferrusinous chert phase is
predominant, occupying all but a snall sirip imnmediately beneath a
portion of the pyroclastic horizon to the east of the loore liine
entrance, This strip contains the jaspilitic phase, 3Zoth the
ferruginous and jaspilitic phases are identical to those described
and pictured by Van Hise and Paley in USG3 Honograph 28 (2)., In
fact, the principal observable difference dvetween the iron forma-
tion here and in the main syncline is the pressnce of large

quantitlies of clastics,
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spectrun from the background percentages up to 40,0 to 60,0 percent,
The mean size, roundness, and sphericity are similar to the CQ
lenses, Thase concentrations make up the second population ard
could quite probably be classified as miniature CQ4 type lenses,

The thixd population consists of concentrations of sand grains
wnich can be related to particular clastic lenses. These concen-
trations increase gradually as a lens is approached directly fron
beneath; but decrease rapidly above., Parameters of population III
sand grains are similar to those of population I at significant
distance from the lenses and approach population II parameters when
approaching a lens,

At the lateral borders of many of the lenses, especially the
CQ's and C3S's there exisis high density zones of sand grains.,
These concentrations are directly related to the lenses and appear
to be an overflow of clastics from the lens tasin of deposition,
The iron formation beds surrounding the lateral ends wrap around
and pinch out these concentrations,

I, Pyroclastic Horizoa

Striking approximately K700W from the point where the railroad
track crosses the 23-29 section line to just past the Moore iline,
some 3/4 of a mile, is a conspicuous pyroclastic horizon, This
horizon has been previously reported on by Tyler and Twenhofel (23),
Marsden (24), Mengle (26), and others, The rezional map shows the
relationship between the horizon and the area geolozgy. At the
western section line a width of 160 plus feet was measurad (no

pyroclastic-iron forrmztion contact fourd) while at iis easternnost
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B. Location Doszriptiocas

PALLS AT WARIIR CRWE!

(Location 1)¥

Mumerous interbeddad clastic lenses and hematitzs bad:

percentagas of clastic quartz ars found in

this location. w2 leanses are cherty quariz

quartzites similar to the 23y and 23 litholegy of the N

describad in Soction III. lHemal

?—"

te appears

fse

size of the lensecs range from microscop

“ren the cobtlsas a1 pedbbles

into the ssdincnts, the overlying laye

[a s

ISAETLLA HILL
(Location 2)

At Isabella Hill there are a great mary

»

ites

th2 iron fo:

Y -
L

ation at

1o be primary, The

hava

e

-
nane2cs

rz2r onces contain a number of shale-1ik

2 up w0 t=2n3 of f=2et long;

"sunk" far znough

appecars ccnformable,
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a few inches up to tens of r

are

[¢]
9]

"
-
>
)_a
(

( g
10}
-

chzrt laye
fractured and filled with chorty quartzite; in other places chert
layers are seen fractursd, frogmented and rotatad, producins an
intraformational braccia., Chart granules ars scen with equal
atundarce in thz hematitz2, chert, and quarizitz layers.

PLATT MINZ

(Location 3)

Here, charty quartizite bels are intertoldel with the ircn forma-
tion closely resembling those oulcrops on the western side of
Isabella ill,

STAR JEST IMIN%
(Location L)

A few coarsz cherty quarizits bads or l2ns2s cutcrop here on ore

0
o
'—l
1)
(6]
W

of the pit walls 2nd aszin in the innaliate arsa, There i
volcanic ag

protibly an srivatic,

CP=! PITS YORTH G STAR WiIST iIV:
(Location 3)
Mumerous cherty quartzite bads {(13nsz2s) are ce2a outerornrins on
and arournd ths various pit walls, In one pi* 3 six-Toot b2 of
s=ricitic gquartizite apn2ars L0 have an anomolous southearn dis,

ileng2]l t=2lieves this to b2 a post-dzpozitlionnl crannsl cut; 1t is

. . L8 - ~ s 1. T. - L2 4 -~ - 3 -~ -
Althouigh a rearly continucusz, unhiolizn zecticn i3 Zetnl! acrozs
L e - > L% o L S RO [ - N H M b L2 - 18
“he iron forralion, from o thz AJ1ibiTT to thio Soolcsich, iastios suiavarp
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only in a 100-foobi wilz horizon, I'oszt of those ars well sorted

esant,

cherty quartzite
Towand thz wastern end of the pit there ars som2 pebble bais with

a saricite and/or chlorite natrix,

A few small strinzers of cheriy quartzite are found in the walls
of the pit.

RATLRCAD CR0I3ING

)
'y
o~
e
].J
[
L\
il
i
-
3
O

Tear the of county roa’ MN.EB, ars
exposad a series of thin balded, vary poorly soried cheriy quarizitiss,

Angular guarts graing, biotiis frag

are i1 a sericiita=tiotite-chlerita

oxida2, This litholozy i3 similar Lo the Cln litholozy found at the
Neu RPichnond lins,

CITCROPG NCRTI! €7 RATLRCAD Caldslivis

Pifty fest rnorth of the rallrond crossirz, at Ltha zouthora edze

of thz gianp, i= sarias of outerops treondling B-Y, Hanl sarples
and 2 thin section show the reek typs to b2 s3inilar Lo that of lens
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BCUSZ UIOT CF NIW RICIZIOND TIT
(Location 13)
tcrops of highly shoarel sericitic quartzite (33) and oihers
clos2ly raseorbling the CGS clasztics at the Yoors Mins occur hers,
(LOCCL n )
At this locztion inpure, charty quarizites (2Q) are fournd,

Fal ~ 42 .
rTorration,

exhibiting an interctadded rolationship with the ivon
Wi RICILCID SANDY T3

(Location 13)

Cherty quarizites ars =xpos 520 on all wslls of the pit, OCn the

area with ahundant bels of cherty quarizites (C2..) and chloritic
chorty gquarizites (C3:). The beds rangs fron microscopic size up
Lo several yaxls in lan
layers of chert anil

skipr

»,J
\
.

o . - P J PRy 184 PR 3 - -
g or repunting a siven layer, Yo set ratio of width virsus

omposition is apparaent, Thes2 bals and lenses uzre descritzl in

O

ror2> detail in Seocticen III.

In the rnortheastara znitrance to thae Naw Richnorn? Mine thove 15

a partially sxposel culb shouwing massive greern to blachk guartziiss
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sizeable laleral extznl of thase clasticss There ars thres Fraznent

sizes praosent: coarse, groater than one inch in diamster;

less than one inch tut greater than one-eicnhth inch in dianeter;
and fine (ratrix), less than one-cighth inch in diamcler, Trogmenis
of white vein quartiz, groenstons, and well-dafined Teldspar crystals
(microcli n2) make up the coarzz adnixture, Some poorly sorted quarts
grains compose the srall sizes corponent, The matrix is nostly
sericite and biotite with mincr ancunis of chlorite, muscovite, ani
leucoxene, A feuw grains of nmonazite hive bz:in reporizd hy Vielars {25
Cne protlan of purticular imporiance is the location ¢ the
provenance of thes2 parsnt materials, The frech granite describad

‘ -

by Lons (2%) s locatal diractly south of here, but feldspar crysiols
the magritule Tound in the clastics have nob baen reperiel, Tur-

ther, thaors has teen no rapcricd ocourrence in the Southarn Complex

v

‘hatever the

proverarce, 1% must not havs bean veory far away since the conztitiants

f2a)

-~ D ~ /- .e By
oven to0 dstate, Tylexr anl TwennoTel (23) and lenzle (25) bvellcove tho-
to be paaccontenporary wrile Viclhers {25) Lolieves then %o bz youn,ar
than tha izen formation - possitly a ZToodrich channsl Silling, Tha

Ay v . em Rad 1%, 4 H . N 1 S~ S L ~aey
Fredblen rzoults from thez srarcity of outcrop In tha inmnodiate ayas

- L - Lt - o < -~ - - - o
Durinz thz rejlonal napping of zesiion 27 a fa2uw naw oulcrors ¢
Norninza rara 1aontal a pains 2 1it:1la 1o~ tYan 100N "ant Nf
“2zaunze were locatal, one bainz a 1itile lazs than 1000 oot Y

IR s N 1 . A - ) " " - o s
0 the main 2lastiic cutzror Alzo, th2 "new" outerons of 2laciin

Lo ettt ar sida 0F the ~2in hody irdleatac 2 horizon o7 Selispooetancd
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clastices rathar than a nore channol Fillin-, The anthor bolieves

that the atove evidence points towarl the clastics being conterrocary

with the iron formation,
C. Cecrrelation

Using Hengzel's data {26) suprlauenied by the anthor's field no%=s,
each location is clansified in terms of ths lithkological typas ac
differentiated at the lloore
obtainel and Tigmvre 24, the Clastic Yoriwon Map, prasents the data
plotted, Tho distance ahove the iron formatiion wzs cormputed usin
appropriate dips and zscunin

Yithin thz Clastic MYorizon significant guantities of clastics
ara found fronm immediately above the iron Sormaticn tuse up te the
2,300-Fo0t lavel, Az discussed In Section IIT the entire area i3
coversd by a pepulation of sand grains (2,8-2,07), In aidd
thars arz tumercus isolat:z? pebhles, cobbles ani heulders of 2
quarizite and shale distiribuizsl throughout; while zones, lenses

and beds of particular litholocies exr: locally concertrated,

to particenlar arcas of A2pozition, The cherty soricites {(CS) arnd

Ay~ 3 S - 1 ) A - s m IY o L2
cobble lznszas zrsz found only at the leors liine, Tha chariy sarizitiz
quarisites (2338) are rasiricie? laterzlly to the lMosre Min2 but ar:

Aistributed vertically fronm the L3 Lo 2,300-fool level, Thez CQn-tyr:

11\)
O

cherty quartsitas are resivicils? vorilzally *o a narrow zone (2,
~nA - - 1 ) L - - N A -~-d 1. _~a

to 1,700 fzot) and laterally io ih2 licor: lline an? zast, Tha zavioi-

L3 R ] ~ ~ -~ L, o s P mrad T A~ YY),

Lic quarisives (Qu), on=thz-otrar-hard ) are anresivicisd vzoiianlls

. P - T St A PR PS B §
tut ccecur caly fron the llocr: Uinw anl wast,
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D 1, ] ’ Tt e A ' ey . o S b, PP R R
Tre bulk of tho clasztics andl the groatoct veristy of clastics

()
-
D
3
LI
pa
(2]
)
3

are conzentratad at the loorz inz, EHere the cobbl

the cherty quaritzites (C07,) occupy the lousrrost a=d uppzrmost

levels respeciively. The romainin

discussad in Section 7/,
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here includes the various factors involved with the movement of the
sediments from the basin shore line and the physical conditions
under which they were deposited. Iron formation-clastic relation-
ships are summarized followed by a discussion of each of the major
clastic lithologies in terms of pertinent factors relating to their
physical depositional environment.

Iron Formation - Clastic Relationships

The relationship between the clastic lenses and the surrounding
iron formation was studied in some detail, The characteristics of
the iron formation do not appear to change as one approaches or
recedes from a given lens except for the additional influx of sand
grains previously noted,

At the boundary line there is a marked border surrounding each
lens consisting of broken and sheared material (mostly iron forma-
tion) now in a degenerate, crumpled state, Usually this torder is
less than an inch wide, but for the CQ3, lenses (#2, #7, and #12) it
extends up to several feet., 3Zxanination indicates that the zone is
probably the result of post-depositional effects, primarily structural
disturbance along the dislocaiion between these two bodies,

The question arises regarding the conformity or unconformity of
the clastic lenses to the enclosing iron formation., It is true that
many, if not most, lenses are unconformable if one considers only a
layer or two directly beneath the lenses, Study on this scale indicates
that most lenses lie directly on a chert layer, it is believed that
the hematite layer being quite "soft" and thus having a low erosion

resistance was swept away as clastic deposition prozressed., Cften a
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portion of a chert layer has been displaced and can be seen loiged

a few feet away near the base of the lens, To the author it appears
that such a case of unconformity is typical during all changes in
clastic deposition and as such indicates a perfectly normal condi-
tion. In order to best utilize the relationship between iron for-
mation and clastic, thé word conformity must be defined in terms of
this study. Conformity, in this study, is restricted_to the gross
effect, to include a zone encompassing at least several layers of
chert and hematite.

Applying this definition, 38 of the 42 lenses can be classified
as conformable. There are three types of conformable relationships
found at the Moore l!Mine., The most common 1s where the clastic
material forms a "lens shape" deposit and where the surrounding
iron formation completely conforms. Usually the iron formation
below the lens 1s depressed slightly, rarely is the overlying iron
formation arched significantly. A number of lenses exhibit a
gradation with the iron formation at their lateral ends, while on
top and bottom they are conformable; lens 16-A is a good example,
Three of the CQ,A3 lenses exhibit an unusual lateral contact with
the iron formation, each exhiblting serrated edges giving the
appearance of miniature on-lap, off-lap.

A number of apparent unconformities can be explained by poste-
depositional structural movement, jointing, folding, and faulting,
Ten lenses ares at least in part structurally controlled. Lenses #20
and #21 provide examples where folding played an important role in

the lens shape, both having been doubled over,
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Four lenses exhibit definite unconformable relationships with
the iron formation., The western portion of lens #18 is a good
example of a channel cut into the underlying iron formation. Several
feet to the east lies lens #16, a large quartzite block which has
been emplaced within the iron formation. The iron formation abuts
against the block on three sides, only on the top is there a con-
formable relationship. Two other lenses, #26 and #36, demonstrate
an unusual type of unconformity. On the base of each lens the
clastics cut obliquely across the iron formatlon, resembling a
deltaic deposit rather than an erosional surface,

Each lens at the Moore lMine cén be placed within the following
iron formation-clastic classification:

1., Conformable

(a) Normal: all lenses except 1-b, ¢ and 3

(b) Gradation: lenses 3, 4, 16-A, 30, and 31

(¢) On-lap, off-lap: 1lenses 38, 39, and 40
2. Structurally Unconformable

(a) Jointing: lenses 2, 12 and 19

(b) Folding: lenses 20, 21 and 37

(¢) Faulting: lenses 2, 12, 24, 25, 26 and 41
3. Unconformable

(a) Channel cut: 1lens 18

(b) Oblique cut: . lenses 26 and 36

(¢) Abutment: 1lens 16

Figure 25 presents idealized sketches of selected clastic lens types.
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TRUE LENS

ON LAP - OFF LAP

Figure 25. Idealized Sketches of Clastic Lenses
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Figure 25. Idealized Sketches of Clastic Lenses (coat'd)
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Clastic Lithologies

Cobble Deposits: The cobble zone deposits can be classified as
protoquartzitic conglomerates., They appear to be typical river or
stream deposits as evidenced by their size distribution and shape
characteristics. It is believed that these cobble lenses represent
a branching river or stream deposit whose open volds were later -
filled in by the matrix sediments. The cobbles themselves are well
sorted indicating a high velocity, shallow water deposit, possibly
at a time when the iron formation was above wave base, The matrix,
on the other hand, is pcorly sorted indicating a deepsr water
deposit., The cross section of the lenses indicate that the direc-
tion of transport was north, while the long axis of the cobbles
appear to be oriented perpendicular to that direction,

The numerous isolated cobbles found throughout the clastic
horizon are thought to have reached their present positions by
rolling down slope along the bottom of the basin, Deposition of
the large quartzite block (lens 16-A) is an enigma, rolling or less
likely ice rafting is called upon. The absence of broken rounds
places an upper bound on the transport velocity.

Chert-Clay-Sand Deposits: The CQSy-CQSc lenses represent a
rapid deposition as evidenced by the turbulent textures found at
the base of the lenses, by the angular fragments and by the poor
sorting. The transport medium must have been of high density since
coarse and fines are intimately mixed. It is believed that for the
most part these lenses are the result of turbidity currents and/or

slides., Fror some of the lenses it appears that at least half of
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the material was deposited during one occurrence with the larger
fragments settling to the bottom. This may explain the gradual
decrease in the fragment size from the bottom to the middle of the
lens, Fronm the middle up, the fragments become larger, indicating
possibly a new influx of material, The broxen chert layers along
the bottom indicates that the transport medium possessed a current
velocity of considerable strength., The CQSp lithology represenis
a similar deposit but with lower transport velocity. The CQSp
lithology is protably the result of current deposits; fragment
size and lack of primary hematite indicate that the current
velocity was strong. The transport mediun was not as "clean" as
in the case of the CQ's but, on the other hand, was not as dense
as that indlcated for the CQ3,'s.

Clay-Sand Deposits: The sericitic quartzites (QS) are believed
to have been deposited by currents where the velocity was sufficient
to orient many sand grains with long axis parallel to the strike.
Since this is the only lens deposit not containing chert it is
suggested that depositlon occurred above wave base, The roundness
and sphericity of the sand grains are significantly different from
those of other lenses possibly indicating a source outside the
basin area.

Clay-Chert Deposits: The origin of the sericitic chert (CS)
lenses is unknown. One hypothesié is that they represent deposition
within 2 naturally formed depression below wave base, The reason
for the absence of hematite and the formation of chert globules is

unknown; but is probably related to the chemical environrent.
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Sand-Henmatite~Chert Deposits: Thne cherty quartzite (cQ) 1lenses

represent off-shore current deposits flowing essentially perpendicularly
away from the shore line, The roundness, sphericity and sorting of

the sand grains and the complete lack of clays are indicative of
reworked sediments, protably Ajibik and/or Mesrard derivatives,

While the sand grains were being transported from the reservoir of
beach sands and deposited along the current path, hematite and chert
were being chemlically precipitated., That the sand, cﬁert ard hema-

tite were deposited concurrently 1s evidenced by the uniform dis-
trivution of sand grains in the hematite-chert matrix and by the
homogeneity of the lenses,

Each particular subgroup retains the above general characterls-
tics but differ in one or more specifics., The CQAl ard CQA2 sub=-
groups exhibit a high percentage of primary hematite indicating
that current velocitles were quite weak, The CQA3 and CQg subgroups,
on the other hand, exhibit a lower percentaze of primary hematite
and a greater percentage of sard grains indicating a stronger current
velocity.

The intermittency, thinness, and lateral extent of the cherty
quartzite beds in the llew Richmond Mine area are indlcative of
currents which are less persistent and more varying in veloclty
and direction than those to the wsst,

Sands: The percentage of sand grains evenly distrituted through-
out the iron formation, population I, are believed to represent wind
blown sands from the 5asin edge., The local, small sandy lenses and

zones, population II, are the result of isolated currents,
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Table XI presents a relative transport velocity index which has
been worked out for the lioore lMine area, It is based upon a com-
bination of textural and compositional characteristics of the
clastic deposits and their relationship with the iron forration,
It is significant to note that while there is a continuous grade
between indices, a particular lithology usually can be indexed
within a very narrow range.,

When viewed in 1ts entirety, the clastics at the Moore Mine
are found to form a steady progression toward normal iron forma-
tion depositional conditions as one proceeds upward from the base
of the lNegaunee, 7ith increasing distance from the base of the
Negaunee, the velocity index, sand and clay content and quantity
of fresh unworked sediments decreases while the degree of sorting,
homogeneity and general maturity of the clastics increases,

Chemical Depositional Znvironment: It was not the primary

intent of this thesis to evaluate the chemical environment, How-
ever, in the course of this study certain interesting factors which
bear upon the chemical environment have emerged and are discussed
below, |

Considering the total deposition in the Palmer Basin, it 1is
obvious that the chemical environment was the major controlling
factor in the deposition of the hematite ard chert during Negaunee
tine. It is hypothesized that a sufficient quantity of iron and
chert were continually supplied to the basin with thelr deposition
being precisely controlled by the Zh and pH conditions locally

present, see Carrells (35). This continuing, cyclic deposition
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cant thickness of iron

- formation.

Table XI
TRANSPORT VELOCITY Ii!DZX FOR CLASTIC3 AT THEE I'OCRE MINE .

STRENGTH DESCRIPTICH EXAMPLE

Nil Iron formation bedding uniis- Majority of
turbved, sand grain content the iron
less than 57, formation

Vexy weak Iron formation bedding essen- Iron forma-
tially undisturbed, sand tion with
grain content up to 157% for sands
population IT and up to 455
for population III,

Weak Iron formation bedding Very small
absent, localized small lenses and
pockets of henatite, chert sandy zones

and sands,.

Very liild No iron formation bedding, CQAZ lenses
sand, hematite and chert
deposited together,

Mild Homogenous mixture of sand, CQA3 lenses
little primary nenatite and
chert,

jormal Non-honogenous mixture of CQ5p lenses
sand, little primary hematite
and chert, with scattered
fragnents,

Moderately Sand grains are oriented with QS lenses

Strong long axis dowvm dip,

Strong Long axis of cobbles are Cobble lenses
oriented down dip,

Vexry Imnmediate underlying beds are CQSy lenses

Strong eroded aray, clastics include
unsorted material,

Zxtreme Channel cuts through signifi- Cobble lens

#18
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of hematite and chert was locally modified from time to time by

the influx of clastics., The clastics alterad the Zh-pH balance,
temporarily ceasing the deposition of hermatite (CQ lenses excepted),

It is interesting and important to note that deposition of chert

was usually not terminated during clastic influx, Chert is found

as a component of the matrix of all but the QS clastics, It would appear,
therefore, that while deposition of hematite was sensitive to the

Eh-pH condition, chert vas not,

It should be noted that the deposit of a clastic lens was
restricted laterally and did not appear to influence the iron forma-
@ion deposition on either side of a lens area, Disconformities were
not observed in the iron formation on horizons contemporaneous with
a clastic leans,

The general nature of the clastics and their relationship with
the iron formation would iniicate that the Negaunee at the loore
line represents a shallow water, near shore deposit, This together
with the primary hematite in the cherty quartzite lenses provides
evidence that the area is the equivalent to Janes' oxidatioq zone (3t),

Study of the iron formation-clastic contact indicates that the
chert layers became nard soon after deposition while the henmatite
layers did not. 'here the iron formation-clastic contact can be
clearly examined, the cheri layers are found to usually provide the
base., In addition, there are numnerous exarples of chert frazments

deposited in the lenses; feuw hematite fragments have been founi,
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SECTION VI

CONCLUSION

Following are the more significant conclusions reached during
this research:

1. The Negaunee Iron Formation, along the southern edge of tne
Palrer Basin, represents a shallow water environment within the
oxidatioﬁ zone wnere the chert and hematite were both deposited in
a primaxry state, Deposition of the hematite was sensitive to the
Eh and pH conditions of the water; deposition of the chert was not,

2. The various clastics interbadded with the iron formation
represent norral depositional conditlions, These clastics were
déposited in the basin both during iron forration deposition and
during intervals when portions of the basin were above wave tase
or even atove water level, During these latter pericds the heratite
and chert layers previously deposited were fe-worked; the hematite
being washed out into the tasin, the chert worked by waves and
currents and re-deposited,

3. The provenance of clastlc sadinents was a low lying land
mass located a few miles south of the Negaunee Basin, Jithin this
provenance the major source of the sands was the semi-consolidated
Ajivik, the lesnard provided the quartzite fractions while the
Palmer Complex and Kona contributed the granite and shale fractions
together with the heavy mineral suiltes,

L, Lower Furonian Mesnard and Kona forrmaiions ware netanorphossi

prior to liddle Huronlan Ajibik and Negaunee deposition,
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5. laterial was transported from the provenance to a broad
shore line bordering the legaunee Basin where the sediments were
extensively reuorked, with the sands retained and the clays
winnowed out. On occasion the provenance provided sediments
directly to the basin,

6. Clastics were moved from the shore line into the basin by
one of five basic transport mechanisms depending upon the particular
lithologys winds, off-snore currents, streams, traction and slides
and/or turbidity currents.

7. As Negaunee time progressed maturity and stability of the
provenance increased, As sediments were transported out into the
basin, the shore line reservoir was not replenished and clastic

deposition ceased,
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APPENDIX A

CHZMICAL TESTS

A. Introduction

This appendix presents a report on the chemical tests performed
in the development of a technique for disaggregating some of the
metamorphosed clastics from the study area. Documented are the step
by step results obtained, substantiating that the devéloped disagzgre-
gation process is valid and when properly performed will yield sands
statistically similar to the original sands in the outcrop.

Analysis of these disagsregated samples provides an important
key to the origin of the iron formation clastic., See Section III-D
for a discussion of the analysis.. To the author's bast knowledge
such a disaggregatlion process has not been reported on previously,
B. Sumrary

The first disaggrezation method tried (Experiment 1) consisted of
alternately freezing and thawing clastic samples saturated with
various solutions. This method is dependeat upon the degree of
permeablility of the speciman, which for the samples tested was
very low. After 288 hours of alternating the two conditions, no
disazgrezation was observed in any of the samples,

It was found that due to the extensive hematitic staining it was
impossible to sufficiently analyze the specimens either in polished
section or in thin section, Krumbine and Pettijohn (30) suggest the
use of hydrochloric aéid and stannous chloride to remove iron oxide,

This process was adapted with a slizht modification (Zxperiment 2)
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wherein hydrochloric acid was used in a concentrated fornm (36.5%)
and only enough stannous chloride added to maintain the iron in a
soluble state, The HCl-SnCl, solution worked quite well in de-
staining the clastic samples; in fact, it wes noticed that samples
left in the solution for a few hours began to deteriorate. The
next experiment (Experiment 3) was performed to determine if this
deterioration effect could be increased to a point where a partial
or even complete disaggrezation of the sample would occur., Using
the procedure described, all samples were conpletely disagzregated
after 16 days of immersion. The residue consisted of sand grains
encased in a chert cement. Experiment 4 documents the use of
potassium hydroxide solutions for dissolving this chert cement;
normally acconplished after five hours of boiling.

Once a disaggregation process had been developed, it became
necessary to determine what effect the HCl-5nCl, and KOH solutions
had upon the quartz grains, zZxperiment 5 provides evidence that
the HC1-SnCl, solutions, acting for periods up to 36 days, had no
measureable adverse effect on quartz crystals or sand grains, Quartz
crystals were used for surface texture study., The sixth and seventh
experiments dealt with the effect of boiling KOH solutlons on quartz
crystals and sand grains. It was found that a moderate KOH solution
with & boiling time of less than six hours provided adequate "cleaning
action" while limiting the percent weight loss of the quartz grains
to less than 0,87, Experiment 8 showed that quartz crystals were
unaffected by immersion in standing solutions of KOH for periods up

to two months, Zxperiment 9 was conducted to determine the optimun
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solution strength and boiling time needed to yield the cleanest sand
grains within the formulated safety limits (solution strength  80-20%
and boiling time ~ 6 hrs), Only an 80-20 strength solution boiling
between 3 and 6 hours produced a final residue of well cleaned sand
grains, It appears that a 90-10 solution boiling for 8 to 10 hours
may produce similar results, Finally, the entire disaggregation
process‘of HC1-SnCl, solution and the 80-20 KOH solution were

tested on a typical beach sand (clear surface texture) with round-
ness, sphericity, and sieve analyses serving as test criteria,

It can be stated with considerable confidence that thne developed
disaggregation process produces no neasurable effect on the resul-
t#nt sand grains,

C. Tests

EXPERIIENT 1
FREZZTNG ARD THAWING

Objective: To deternine whether a process of alternate freezing and
thawing will produce disaggregation in the clastic samples.

Procedure: Six specimens of a cherty quartzite (CQAi) fron the New
Richmond iline were divided into three groups containing
two samples each. Two groups were subjected to a solu-
tion of concentrated hydrochloric acid fqr one week, one
was further subjected to a boiling KCHE solution for two
hours, The reraining group was not treated, One sample

from each group was placed in a container of distilled

*807% by volume ¥,0 ard 207 by volume KOH,
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water, the other in a container of hypo-solution, The
six samples were then alternately frozen and thawed -
24 hours at -10°C, 24 hours at 70°C, 24 hours at -10°C
etc.
No disaggregation was observed in any of the samples
after six ;omplete cycles of 48 hours each,

EXPZRIMENT 2

DEZ-STAINING
To determine the optimum procedure for removing iron
oxide stain from semi-polished sample surfaces and thin
sections using an HCl-SnC12 solution.* Zvaluation of
the effect of such a solution on jaspilite is a second
objective,
Portions of two different cherty quartzites (CQAz) and a
Jaspllite from the Moore Mine were placed in an HCl-SnCl,
solution for three hours, Samples were washed and examined
under a binocular microscope at fifteen minute intervals,
A similar test was run using a boiling solution of HCl-
SnClz. Finally, a thin section of a cherty quartzite
(CQAZ) from the Foore lline was subjected to the above tests.
Optimum destaining was obtained by soaking the samples
in the HC1-SnCly solution for a tims interval between
fifteen and thirty minutes, Subjection for times

greater than thirty minutes led to surface deterioration;

*HC1-SnCl, solution consisted of hydrochloric acid of 36.5% concentra~- -
tion with enough stannous chloride to maintain the iron in solution,
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with longer subjection times the samples began to dis-
aggregate, It was found sufficlent and desirable to
place only that portion of the samples to be destained
in contact with the solution. The above procedure was
not applicable for thin sections due to a chemical
reaction between the solution and cement., Even after
seventy-five hours of boiling in the HCl-Sn012 solution
the jaspilite sample was only "cleaned up"; little, if
any, removal of the red coloring from the chert bands
or disaggregation of the sample was observed.
EXPERIMﬁNT 3

DISAGGREGATION (1)

Objective: To determine whether the clastic samples can be completely
disaggregated with the HC1l-SnCl, solution, to determine the
rate of disaggregation, and to analyze the rescidues.

Procedure: Three cherty quartzite (CQAz) samples from the Moore Mine
and one cherty quartzite (CQAI) sample from the New
Richmond Mine were weshed, dried, weighed, examined and
placed in 250 ml ﬁeakers containing 200 ml of HC1-SnCl,
solution, A 100 ml of fresh ECl was added every four
days. At the finish of the experiment the residues were

again carefully washed, dried, weighed and exanined,
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Data:

Sample Type Location Sample Wt. Residue Wt, % Loss
(grams) (grams)

#173 CQA2 Moore Mine 30.2 20.9 30.8

#173 CQ,A2 Moore !ine 4.9 37.3 32,1

#173 CQA2 ﬁoore Mine 27.3 18,6 31,7

#302 CQ,A1 New Richmond Mine 61.2 48,8 20.3

Results: After 16 days all sanples were completely disaggregated.,
Analysis of the residues showed that the samples had been
broken down into small clusters consisting of several sand
grains bound together by a white crystalline substance
identified as chert, No traces of hematite were observed,

EXPERIMENT 4
DISAGGRZGATION (2)

Objective: To determins whether the chert portion of the clastic sample
residue can be dissolved with a solution of potassium
hydroxide,

Procedure: The residues from the third experiment were exanined,

washed, dried, weighed ard placed in 250 ml beakeérs con-
taining 200 ml of potassium hydroxide solution., Zach
preparation wes bolled for five hours, At the end of
five hours the residues were again carefully washed,

dried, weizned, and exanmined,
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Datas
Sample Type Location Sample Wt. Residue Wt. 7 Loss
(grans) (grams)
#173 CQa, Moore Nine 20.9 14,7 29.7
#173 .CQu, ‘Moore lMine 37.3 25.6 31.4
#173 CQu, Hoore Kine 18,6 12,9 30.8
#302 CQA1 New Richmond i'ine 48,8 35.5 27.2
Results: After five hours of continuous boiling most of the fine
chert had been dissolved, All sand grains were singular -
none being bound in aggregates by the chert cement,
'EXPERIHZNT 5
HYDROCHLORIC ACID AND QUARTZ
Objective: To determine the effect of concentrated hydrochloric acid
on sand grains, quariz crystals, and quartzite fragments.,
Procedure: Samples prepared for testing were examined under a binocular

microscope prior to washing and drying at 70°C for 24 hours,
Particular emphasis was placed on tha surface condition of
the specimens, A control specimen identical to the testi
specimen was kept for post-test comparison, Cnce welghed,
specimens were placed in 250 ml beakers containing 200 ml
of concentrated HCl (35.5%). Snough stannous chloride
was added throughout the experiment to keep the iron in
solution; 100 ml of fresh HMCl was added to the beakers
every four days. Duration of the test was 36 days. At
the end of the experiment specimens were thoroughly

washed in distilled water, dried at 709C for 24 hours, ani

welghed, All specimens were then re-exanined,
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Data:
Sanple Sample Wt. Residue Wt, % Wt. Loss
(grams) (grams)

Indian River Beach Sand 50.52 49.48 2,06
liesnard Quartzite Ly 82 ) 0.13
Clear Quartz Crystals 19.20 19.19 _0.05
Milky Quartz Crystals 17.17 17,16 0.06
High Quality Clear |

Quartz Crystals 20.81 20,78 0.14

Results: None of the samples exhibited a significant weight loss
with the exception of the Indian River Beach sand, The
Indian River Beach sand contained approximately 25 car-
bonate, Re-examination of the surfaces and compariéon
with the control samples showed that the tested specimens
suffered no surface textural damage due to the HCl-3nCl,
solutions, It is concluded that the HC1-SnCl, solution
had no effect on the specimens tested,

EXPZRIMENT 6
KOH BOILING - QUARTZ

Objective: To determine the effect of boiling potassium hydroxide
solutions of varying strengtns and boiling times on the
percent weight loss and surface texture of quartz crystals,

Procedurs: Five KOX solutions of the following strengths were pre-
pared: 60-40, 70-30, 80-20, 90-10, and 95-5; The nota-
tion 60-&0'represents a solution containing 607 by volune

of Hy0 and 407 by volume of KOH, Such a solution is
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prepared by adding KOH pellets to 60 ml of distilled
water until the meniscus is raised to the 100 ml mark.
Two sets of matched pairs of quartz crystals were used
for each solution; one pair being a milky variety of
quartz; the other, a clear variety., These quartz
crystals were of high quality with shiny faces and

sharp edges. Long diameters varied from 15 mn to 35 mnm,
while the weights varied from 2 gn to 7 gn, A total of
24 crystals were used, From each group of four crystals,
one milky and one clear quariz crystal was placed in each
solution; the other tﬁo were held as controls for post-
test comparisons, All crystals were examined under a
binocular microscope and their textural characteristics
recorded, The crystals were first placed in an oven at
70°C for 24 hours, cooled, weighed, and placed in their
respective solutions., Total boiling times varied
between four and six hours with each sample being
welghed at each hour time period, After boiling the
samples were rinéed in hydrochloric acid, thoroughly
washed in water, dried, and weighed, Textural charac-
teristics were compared to the initial data, Finally,

a control set of quartz crystals were processed in the
above described manner in 1007 distilled water in order
to ascertain the effect of tumbling in a boiling solution,
A graph of percent weight loss of the crystals as a

function of time is presented in figure 26, It appears
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Figure 26, Percent Weight Loss for. Various KOH Solutions as a
Function of 3o0iling Time
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that the percent weight loss of quartz'crystals is
insignificant for KOd solutions of 80-20 strength and
less with boiling times not longer than six hours., It
is, hovever, fully realized that the strengths reported
are initial strengths ard that these strengths are
increased due to water vapor escaping during boiling,

In fact, the solutions became so strong that testing

had to be run in intervals because the pyrex beakers
would last only a few hours before dissolving. Further,
the percent weight data represents a maximum loss due

to mechanisms such as chipping and spallation of the
crystals and removal of foreign particles., One nmust be
careful that all the KOH is removed from the crystal
prior to weighing. During the early part of this experi-
ment it vas fourd that by not rinsing the crystals first
in concentrated HCl a quantity of KOE would remain on the
crystal surfaces, Upon comparison of pretest and post-
test specimen surfaces, a noticeable degree of chipping
of edges, stiration of faces, etc., was found to occur.
Since the crystals fron the 1007 water solution also
exhibited such wear, it is concluded that such surface
markings vere the result of physical contact with each
other and the surfaces of the beaker, In support of this
hypothesis, beakers as well as sanmples were often
observed to be cracked, The dullness of the tested
specimens 1s likewlse thousht to be due to specimen-

specimen and specimen-teaker contact., In sumrmary, it is
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felt that although there is finite dissolving of quartz
by the concentrated potassium hydroxide solution,
strengths of 80-20 and below do not produce appreciable
damage over periods of up to six hours of boiling,
EXPRIMINT 7

.KOH BOILING - SAID
To determine the effect of boiling KOH solutions on sand
grains by studying the percent welgnht loss and surface
textures,
Two HC1 treated (27 carbonate removed) samples of Indian
River sand were placed in 80-20 and 90-10 KOE solutions
and boiled for six hours, The testing procedure was
identical to experiment 6, Indian River sand was chosen
because of its fresh texture (no frosting, few stiration
marks, etce).
A graph of percent weight loss versus boiling time 1is
presented in fimmwe 26, These percent weight loss values
are subject to the same conditlons as described in
Experiment 6, Comparison of pretest and post-test sand
grains revealed no frosting, stirations, cracking, or
other similar effects, The lack of surface markings
was provably due to the small mass of the individual
grains - thereby reducing the force of collision with
the‘beake; and other grains, It i1s concluded that if
the sand gralns have been partially dissolved by the

KOH solution, the percentage loss is not quantitatively
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significant. The surface textures are unaffected by °
the KOH solutions tested;
EXPERINMNENT 8
KOH STANDIIG - QUARTZ
To deternine thne long term effect of room temperature
potassium hydroxide solutions on quartz crystals,
The preparation procedure was identical to that used in
experiment 6, Twenty-four new quartz crystals were
used in solution strengths of 60-40, 70-30, 80-20, 90-10,
and 95-5, Test time was two months,
In all cases the percent weight loss was less than 0,053,
Inspection of the post-test specimens revealed that the
surface textures were unaltered during the period of
testing,
EXPERIIENT 9
KOH TIMNZ DURATION
To determine the time required for 90-10 and 80-20
strength potassiqm hydroxide solutions to remove sufficient
chert cement from the sand grainé to permit valid sieve
analysis,
Nine identical portions of the residue form the HC1-SaCl,
treated sample #332 (c:zAi - New Richmond Mine) were boiled
for time intervals of one, two and one-half, three, and
six hours. =z#ach sample was microscopically exanmined at

the end of its respective time‘period.
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Results: A data table is presented below,

Aggregation
Many Some Few | None
90-10: Ay | B1o Cy0 D10
80-20: Y B20 C20 D20

Samples A were tested for one hour; samples 3, for two
and one-half; etc, Sample Dpg (boiled in 80-20 KOH
solution for six hours) contained no aggregates while the
individual quartz grains were found to be essentially
free of the chert cement, Sanmples Dj5 and Cyp were
found to contain a few aggregates ani a small amount
of chert cement,
EXPERIFENT 10

HC1 and XOZ - SAND

Objective: To deternine the effect of the entire disazgregzation
precess, HCl-SnCl, and 80-20 XOH boiling solution, on
sand grains using roundness, sphericity, and sieve
analysis as criteria.

Procedure: Roundness and sphericity measuremenis were made on
Indian River Beach and Ferndale sands prior to being
placed in concentrated'hydrochloric acid for 30 days.
At the end of 30 days sanmples were washed. dried, ard
measured for roundness and sphericity, Samples were
then placed in 80-20 solutions of boiling XOX for six

hours, at which tine sanples were washad, dried, and
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measured again, Roundness and sphericiiy measurements
were made by mounting 300 or more grains on a slide,
projecting on a screen, and tracing at a magnification
of approximately 30X. The roundness equation used was

R = _E‘_L;‘;i_lﬁl 1 where ry 1is the radius of the individual
corners; R, the radius of the maximum inscribed circle;
and N, the number of corners measured. The sphericity
equation used was S = R/R,1 where R is again the maximum
inscribed circle; and Ry, the minimum clircumscribed
circle. VNeasurements were made with a celluloid scribed
in millimeters., Sieve analyses were made on the Indian
River Beach and Ferndale sands before and after boiling
in the KOHd solution, A set of four-inch diameter Tyler
sieves of meshes 10, 20, 40, 60, 80, 100, 120, 150, and
200 were used. 3Samples were sieved in a Tyler Automatic
Ro-Tap shaker for 15 minutes,

Below is presented a table of the test results, It is
obvious that all the percent changes are well within the
error of measurement, Furthermore, as stated previously,

there 1s no observable difference in surface textures,
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