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ABSTRACT

A field and petrologic study, including two new chemical
analyses and trace element determinations on three samples, was
undertaken to define possible subvarieties of the Blue Hills porphyry,
a membeI: of the Blue Hills Igneous Complex. It is concluded that,
the Blue Hills porphyry is geologically and mineralogically a single
unit, dominantly granite porph‘yry, which grades into a porphyritic
granite on one side. The Blue Hills porphyry becomes more
aphanitic with fewer phenocrysts near the contact with the country.
rocks. Textural variations correlate well with the topographic
features: the higher the elevationthe more aphanitic the Blue Hills

porphyry becomes.



The outcrop at the Routé 128-28 intersection has traditionally
been interpreted as a '"fossil soil zope”, but on the basis of detailed
field and petrographical studies, it is reinterpreted as an extrusive
facies of the Blue Hills porphyry. The controversial ""spheroidal
unit with eutaxitic features, the extremely variable textures of the
Blue\ Hills porphyry, and high-temperature pseudomorphs of quartz,
all indicate that the Blue Hills porphyry was emplaced at relatively
shallow depths.

Results of trace element analyses of the Quincy granite and Blue
Hills porphyry are nearly identical'and confirm the long-held belief
that the two units are comagmatic. Thus, the Blue Hills porphyry
" intrusion is nearly contemporaneous with the Quincy granite.

"The Blue Hills porphyry and Quincy granite are both younger than
the aporhyolite member of the Blue Hills Igneous Complex. The
aporhyolite is tentatively correlated with the Mattapan, Lynn and
Newbury volcanics, with its interbedded Siluro-Devonian fossils. The
Q‘uincy granite yields an szozpbzogge of 437432 MY. Hence,
volcanic activity occurred in the Boston area starting with the aporhy-
olite, at least 437+ 32MY ago and continued for at least 25 MY until the
late Silurian Newbury volcanics.

Thesis Advisor: Richard S. Naylor

Title: Associate Professor of Geology
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I. INTRODUCTION

The purpose of this thesis is to restudy the Blue Hills porphyry
member of the Blue Hills Igneous Complex. The previous isotopic
age determinations, new trace element data, and major element chemi-
cal analyses are combined with new field studies of the Blue Hills
porphyry, aporhyolite, and Quincy granite. The area of this study is
limited to the Blue Hills, south of Boston, in Milton and Quincy,

Massachusetts (see Index Map).

The whole Boston area, including the Blue Hills, has been affected
by large scale tectonic disturbances (Quinn, 1971; Woodward, 1957;
Rodgers, 1952, 1967; and Lyons and Faul, 1968), and by repeated glacia-
' tions which have obscured many important relationships. Thus, identi-
fication of units, and of their stratigraphic position, has proved contro-

versial (Quinn and Moore, 1968).

The Blue Hills Igneous Complex is composed of the fine-grained

riebeckite granite, the Blue Hills porphyry, the aporhyolite, and the -

Quincy granite.

Crosby (1880) noted that the Blue Hills Igneous Complex is younger

than the middle-Cambrian Braintree argillite, and all subsequent
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geologists have agreed with this conclusion. Similarily, it is widely
agreed that the Complex antedates the Pennsylvanian aged rocks of the
Norfolk and Narragansett Basins (Knox, 1944; Woodworth, 1894; Shaler,

Woodworth and Foerste, 1899). From fossil evidence alone, no more

precise limits can be placed on the Blue Hills Igneous Complex.

The isotopic ages are contradictory to the classical interpretation
of the temporal emplacement of the units within the Complex (Crosby,
1900, 1905; LaForge, 1909, 1932; Warren, 1913; Chute, 1940).

Isotopic dating of these rocks has proved confusing (Bottino, 1963a,
1963b, 1966, 1968; Bottino, Fullager, Fairbairn, Pinson and Hurley,
1970; Bottino, Pinson, Fairbairn and Hurley, 1963; Zartman, Brock,
Heyl and Thomas, 1966). The ages obtained by three methods differ
widely although all the isotopic ages are within the limits imposed by
fossil evidence (Zartman and Marvin, 1971), Despite disagreements
about relative. ages, most previous studies (Crosby, 1900; Warren, 1913;
Chute, 1940, 1950, 1964, 1966, 1969) have agreed on a genetic relation-
ship between the units of the Blue Hills Igneous Complex. The Quincy
granite and Blue Hills porphyry are both slightly peralkaline, containing

similar, distinctive accessory and trace minerals such as riebeckite,

aegirine, astrophyllite and aenigmatite.

A novel departure from the conventional hypothesis regarding the

origin of the Blue Hills Igneous Complex was suggested by D. R. Wones
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and D. K. Riley (1971, personal communication). Their hypothesis

is based on the following observations:

1)

2)

3)

Both,Warren (1913) and Crosby (1900) in their earlier
writings about the Blue Hills porphyry, described different
varieties, i. e., the quartz-porphyry, the granite porphyry,

and the paisanite porphyry.

Bottino (1963a, 1963b) reported an Rb-Sr whole-rock age

of 245+ 10 MY for the Blue Hills porphy ry and a 325+ 15 MY
age for the Quincy granite. The Blue Hills porphyry iso-
chron is based on samples selected near the contact of the
Blue Hills porphyry with the Pondville conglomerate.

These ages, if taken literally, suggest at least part of the
Blue Hills porphyry might be related to the Carboniferous
Wamsutta volcanics (Lytton, 1941; Eaton, 1925; Coomers-

wamy and Ray, 1954) and not to the older Blue Hills Igneous

Complex.

A roadcut, made in the early sixties at the intersection of
Massachusetts Routes 128 and 28, exposes the contact of
the Pondville Conglomerate with the Blue Hills porphyry.
Certain gradational features, formerly attributed to a fossil

soil zone, can be interpreted as being volcanic or pyroclastic
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(G. Boone, personal communication).
4) According to Chute (1969) the Blue Hills porphyry is
younger than the Quincy granite and older than the Pond-

ville conglomerate, thus setting the upper and lower limits

for the emplacement of the Blue Hills porphyry.

The above facts and speculations led Wones and Riley to suggest
that the Blue Hills porphyry can be divided into two or more units.
Hence, they hypothesized that at least part of the Blue Hills porphyry
could be a Carboniferous aged agglomerate underlying the Pondville
conglomerate. Therefore, the systematic, yet contradictory, results

of the age dating could be attributed to sampling different units.

One objective of this study is to test the Wones and Riley hypothesis
stated above. ‘ This warrants a thorough review of all the available data.
In order to correlate field relationships with the latest evidence from
isotopic data, the field relationships within the Blue Hills Igneous
Complex and with the surrounding L‘mits have been reviewed and were

examined in more detail than in previous geochronological studies.

In the period from 1971 to 1974 four months were spent studying
the rock units of the Blue Hills Igneous Complex and their relationships

with each other and with the surrounding rocks. The results of the
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general field work are in Chapter II. The more extensive work on the
outcrops at Routes 128-28 is described in Appendix B. Appendix A

reviews the evolution of the interpretation of the relationships of these

units through a literature survey.

Trace element analyses on three samples of the Blue Hills are
reported and discussed in Chapter III. The isotopic ages determined
for various units in the Blue Hills Igneous Complex are reviewed in
Chapter IV. By pooling the data from previous investigations, obser-
vations from the various age dating techniques are made in ChapterIV.
The replotting of data with the removal of marginally suitable samples
yields no new information. No new isotopic ages were measured for
this study although an unsuccessful attempt was made to extract zircons

from the Blue Hills porphyry.
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II. GEOLOGIC AND TECTONIC POSITION OF THE
BLUE HILLS PORPHYRY

The nomenclature used follows Chute \(1969) except for the utiliza-
tion of the term "aporhyolite' when referring to what he called "Matrapan
volcanics' and "Blue Hills porphyry" instead of 'Blue Hills granite
porphyry",

The boundaries of the rock units mapped follow those of Chute
(1969) (see Figure 2). Discrepancies occurred with respect to Chute's
(1969) interpretation of what he observed at some contacts. Chute's
(1940) earlier interpretations are felt to be more accurate. The rock
units and their contacts are described in the order of their inferred age.

Figure 1 should be referred to for locality names.

A. BRAINTREE ARGILLITE

The Brai;mtree argillite is a dark-grey slate with thin beds of light
and medium-grey siltstone. It is fossilferous in some localities (A, W.
Grabau, in Crosby's Appendix (19(50). The Braintree argillite occurs in
large, oriented blocks which are thought to be roof pendants of the
country rock intruded by the Blue Hills Igneous Complex (BHIC). It is-
metamorphosed to greenish-grey hornfels near the contact (Chute, 1969).

The middle Cambrian Braintree argillite is older than both the

Quincy granite (QG), and BHP, a relationship noted by all previous
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Figure Z  Bedrock Map of Rock Units (after Chute, 1969)
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workers. Minor dikes of QG cut the Braintree argillite i n the locales
of Canton Avenue and ‘the Pine Tree Brook area. Slate inclusions, which
are thought to be Braintree, are found in the QG on Rattlesnake Hill.

Slate inclusions have also been found in the BHP in the Slide Notch area.

B. RHOMBPORPHYRY

The rhombporphyry (RP) crops out as a roof pendant in the QG
near Pine Hill in Quincy. It also occurs southeast of the Broken Hills
in an intrusion breccia with the QG. The Brair;tree argillite is often
found in conjunction with the RP. This suggested to earlier workers
(Crosby, 1900) that the RP was produced from a reaction of BHIC magma
with the Braintree and producc;d this as a hybrid.

The RP has euhedral, acutely terminated, rhomb-shaped plagi-
;clase (anorthoclase?) feldspar phenocrysts in a groundmass of fine-
grained microperthite and pyroxene with some hornblende. Magnetite,

pyrite, quartz, sphene, and apatite occur as accessory minerals

(Chute, 1969). Augite is present as phenocrysts and as microlites in
both the matrix and the feldspar phenocrysts. Epidote is found in the
cores of some of the feldspar phenocrysts.

- The RP is fairly abundant as xenoliths in the QG, especially near
its contact with the BHP. It is also found as xenoliths in the BHP about
the Slide Notch area, Chickatawbut Hill, and on the southeast side of

Wampatuck Hill. Other than the three localities mentioned above, the
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RP does not appear as xenoliths in the BHP.

C. APORHYOLITE

Aporhyolite was used by both Crosby (1900) and Warren (1913) to
denote a devitrified and altered rock of rhyolitic composition. It will
be used here to denote the same rock. Aporhyolite (AR) refers to the
unit in the BHIC corresponding to the Mattapan volcanics, as named by
Chute (1969). In the absence of proof that the AR correlates with the
Mattapan volcanics, it seems preferable to use the older nomenclature

and to retain the AR as a separate unit.’

C.1 General Description

The AR consists of interbedded pyroclastic materials and
rhyolite flows (Katkins, 1969). Locally, it has obvious flow band-
ing, and in other places it resembles a welded tuff, with elongated,
flattened volcanic fragments. Some outcrops show the original
volcanic textures of the unit clearly; other outcrops are completely
récrystallized. Whether all occurrences of the AR belong to the
same igneous episode is difficult to assess because of discontinuous
field relationships and intense recrystallization features. Outcrops
cannot be traced for any distance before they are lost in the woods.

The AR has an extremely fine-grained, almost aphanitic texture,

and is composed mainly of anhedral quartz and feldspar. The AR
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generally has a few phenocrysts of microperthite and quartz.

The feldspars are usually somewhat sericitized, even in the
freshest looking rocks. Spherulites are common in some areas.
Magnetite is always present in varying amounts, usually partially
altered to hematite. Devitrified glass shards were noted as well,
but they are not common. The AR is locallyporphyritic and is in
some places easily confused with the chilled margins of the BHP.

The AR crops oﬁt near the summit of Great Blue Hill, on the

summit of Hemenway Hill, west of Fox Hill (on Wampatuck Hill),

and in a large area on the eastern side of the Blue Hills.

C.2 Outcrop Description

Great Blue Hill and Hemenway Hill - On the summit of
Hemenway Hill, and nea;' the summit of Great Blue Hill, the AR is
a dirty pink rock. It is intensely recrystallized and bears little
resemblance to the fresher volcanics in the area. Devitrified glass
shards and spherulites were noted. Brecciated blocks of the AR
are found wi.thin a rhyolitic matrix. The groundmass of both the
blocks and matrix is coarsely recrystallized. Here the AR appears
to have l;een deeply buried and may have undergone late stage
hydrothermal activity. No pyroxene or amphibole was noted.

Magnetite hematite and leucoxene are present in various proportions.
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Wampatuck Hill - The AR on the north and western parts of
Wampatuck Hill is distinctly flow—bénded. The flow-banded AR
occurs as alternating pink and white or yellowish-white and light
green bands. Spherulites are fairly common. This area of the AR

is massive, and aphanitic or only slightly porphyritic.

Fox Hill - The outcrop area to the west of Fox Hill is composed
of a dense, dark reddish-purple, marsive flow. Some broken pink
or white feldspars occur in the AR. Hematite gives the rock a
dark red color. The groundmass is an aphanitic quartz-feldspar

mixture.

Eastern Part of the Blue Hills - By far the largest
exposure of the AR occurs on the eastern portion of the Blue Hills
Reservation. This area appears to be a big volcanic pile. It has
massive outcrops of fluidal lava and units of ash flow or welded tuff.
Ovoid, stretched, eutaxitic bombs occur in some areas. One
locality is on the south side o£‘Chickatawbut Road, just east of the
intersection with Wampatuck Road. Also found in this area are thin
units which appear to be fossil soil horizons between successive
flows or falls.

A tuffite (see Figure 1) is intercalated with subaerial volcanic rocks

along a roadcut on Route 128. Here, the AR is bleached to a light
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cream or greenish-cream color and contains pyrite or siderite.
There is a large north-south fault in the vicinity that can be traced
from just west of Pine Hill southward towards Great Pond. The AR
in this area is remarkably fresh and only slightly recrystallized,
indicating that it has never been deeply buried. This is in sharp
contrast to the AR found near the summit of the Great Blue Hill

which shows strong evidences of recrystallization.

D. BLUE HILLS PORPHYRY

The Blue Hills porphyry (BHP) occﬁrs over the largest area of
any rock type within the Blue Hills. The BHP varies intexture and ap-
pearance from place to place. In the past, it has been called quartz-
porphyry, quartz-feldspar porphyry, and granite porphyry. No single
type has ever been mapped separately. Chute (1969) "lumped" it into
one single uni_t called "the Blue Hills granite porphyry'. The name
used herein is Blue Hills porphyry, dropping the descriptive term
"granite' in Chute's (1969) name.

The main intent of this work \x}as to distinguish some feature
which would enable the subdivision of the BHP, in the hope of resolving
the conflict produced by geochronology (see Chapter IV)., This is found
to be nearly impossible as the BHP is variable in its texture and color
and grades from one textural facies to another and back to the original

within a few paces (Crosby, 1900, p. 367, 474; Warren, 1913, p. 240).
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These sharp variations in texture are characteristic of the BHP, These
facies cannot be mapped as units in the BHP. Because of the rapid
vertical variations in texture, the different facies occur as isolated
patches within the Blue Hills. Locally, the more granitic
facies occur at a lower elevation in the notches of the Blue Hills and
closer to the QG. The aphanitic varieties occur closer to the aureole

in the surrounding rock.

D.1 Type Locality

The type locality of the BHP is the émall quarry on the eastern
flank of Rattlesnake Hill, and where Warren (1913) obtained his
‘ sample for major-element chemical analysis (see Table 2, column5).
Warren (1913, p.243) gave the composition at the type locality as
40. 5% feldspar, 12.4% quartz and 47. 1% groundmass. The trace
element abundances for this rock were determined by instrumental
neutron activation analysis for this thesis (see Chapter III). The
major element analysis determined by the electron microprobe may
be found in Table 2, column 8 .
The BHP of the type locality is light greenish or bluish-grey to‘
dark grey, with a medium-grained granophyric crystalline texture.
It has subhedral, rounded Quartz phenocrysts and euhedral, turbid

feldspars.
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The BHP of the type locality is light greenish or bluish-grey

to dark grey, with a medium-grained granophyric crystalline
texture. It has subhedral, rounded quartz phenocrysts and euhe-
dral, turbid feldspars.

The feldspar is a mixture of albite and orthoclase, a crypto- or
microperthite. It is commonly euhedral to subhedral and broken.
Albitization (see Figure 3) is common along the edges and fractures
in the perthite. Previous authors (such as Warren, 1913, p. 236)
have determined that the albite ranges between Ab95-An5 and
Abg7-An3. Antipertfu’.te (anorthoclase) is also present.

The feldspar phenocrysts are larger and more abundan .t than
the quartz phenocrysts. The amount and size of the phenocrysts
vary greatly. The feldspars ''may measure as much as 8 mm long"
(Warren, 1913, p. 239). "Quartz phenocrysts maybe up to 3.5 mm
long but more often are about 1 mm long" (Warren, 1913, p. 246).

Riebeckite, arfvedsonite, and aegirine occur in dense, tabular
mé.s ses with poikiolitic rims. They also occur as needles in the
feldspar and, more rarely, in quartz phenocrysts. Astrophyllite,

aenigmatite and magnetite occur as accessories. Hematite occurs

as an alteration product.

D.2 Textural Variations

The different facies of the BHP are composed of the same minerals.



Figure 3.

This is Blue Hills porphyry from the type
locality on the eastern flank of Rattle-

snake Hill., Poikiolitic riebeckite is promi-
nent on either side of the center. The pheno-
cryst in the center is a fractured, albitized
feldspar with matrix intruded along the
fracture. The matrix is a fine-grained
quartz-feldspar mixture with needles of rie-
beckite altering to hematite. Riebeckite or
aegirine needles are present in the quartz
phenocryst in the upper right-hand corner.
(Plane polarized light).
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The facies differ because of differént groundmass textures,
different proportions of groundmass to phenocrysts, the different
habits of riebeckite and aegirine, and the proportion of quartz to
feldspar and alteration products.

31% to 66.5% of the rock is groundmass; 19 to 46% of the rock
is microperthite phenocrysts. Quartz and a few percent riebeckite
phenocrysts and accessories make up the remainder of the rock
(see Table 1).

The BHP occurs in dark purple,- brown, green and tan. The
differences in color are due partly to superficial weathering of the
rock and partly to late magmatic (deuteric? ) alterations oxidizing
the pyroxene, amphibole or fluid inclusions. Pink feldspars have
herﬁatite inclusions. The light-colored feldspars (possibly later
feldspars) do not contain the same inclusions.

In mar;y places the BHP shows evidence of late stage magmatic
movements as the groundmass and phenocrysts are sheared. Albit-
ization occurs along the fractures in the feldspar phenocrysts.

The textures of the BHP are probably controlled by the proximi-
ty to some contact surface and water vapor pressure. Besides the
type locality described above, there is an aphanitic matrix type
porphyry which generally éccurs at the BHP-AR contacts, ''the

truely dense quartz-feldspar porphyry" (Warren, 1913, p. 240);
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§ample Number 123 1238 I5A Ave. 28-1 G BH Rosival Estimates
Minerals Present I I ar -
Micrope\f‘-h’d‘e 27.0 397 46.1 266 32.0l 3006 °~ 405 322 18.0
Quartz . 126 0.7 6.6 12.5 14.77 Lt 124 163 145
Rie beckKite - = - - 916 15.68
DarK Minerals 0.8 46 02 08 l.68 248
Ground Mass 59.6 450 471 60.1 42.85 40.52 411 515 665
Points Counted 500 500 1000 19,000

Sam P\t

123 - ?pﬁi\devf:;i‘ g,l*‘%:zcm’sm-ﬁ%b P, corner of ChiKatawbot Road and Randolph Ave, Miton, Bloe Hills

| 238~ collectel by P. Lyons - B.H.P,) across Jrom Blue Hills Rese\—-oo'nr, Qon ey (L\/ons, 1969)
IS A - collected by P.lyons - BH.P, roadcst on cast side of Pine H Al Qu(nc.y('—\/ohs, 1969)

Ave. — B.H.P average of !9 analyses on stawmed vrock slabs , from data of D. Ketly and L.G-my

ronge - fe\dspav Pb\enOCr\/s+s 20.6 - 35.2 Y%
qua\r"‘z _phenocrysts 9.3 - 5.7 %
dark mmeral Pkev-ocvys‘{'s O - 4 5 °%
5youndma$s 3L5 =~ 5(.0 %

28-| - collected bY L. Movgens*e.m ) B.H.P, 1970, thin section ana.(ys('s (Movqens'levn, 1970)

GB U - collected \m.’ L. Hov:!ems‘(*ern, Great Bloe H’tH/ BH.P —thin section oma(ysi.s (MOYSC"S+9'"; '970)

* Tncudes swall awounts of wmsnc‘hfe

¥ Warren, 1913, p.243
T. unaltered BH.P, RotllesnaKe Hil}, avevaqe of fwo sechons .
I BHP ledge south o% Administration Roud,sou’th of \Navnladuck Hi\‘, 1.5 feel Grom A.R. Con“‘ac{-)
I BuwP same._ theee iinches Srom contact

(4%

TABLE 1 Modal Abundancés of minerals present in the Blue Hills porphyry



""the aporhyolite porphyry' (Crosby, 1900, 'p. 367), and even
resembles the AR.

The aphanitic matrix porphyry differs from the type locality
in that the riebeckite is more likely to occur as needles in the
groundmass and not phenocrysts., Quartz phenocrysts are larger
and outnumber the feldspar phenocrysts. This aphanitic type
porphyry corresponds to Type Three porphyry of the "spheroidal"
zone as described in Appendix B. |

Several intermediate types bétween the aphanitic matrix facies
and the granophyric facies occur. One of these intermediate facies
has a fine-grained saccariodal matrix; a second type has prominent
feldspar and quartz phenocrysts; and a third has feldspar pheno-
crysts more prominent than’ the quartz.

The fine-grained saccariodal groundmass texture facies has
large blocky, euhedral feldspar and occurs as scattered patches
throughout the upper portions of the Blue Hills.

In areas, such as along the roadcut on Southeast Bridge, the
matrix of the saccariodal facies grades from a light green to a
reddish-brown, and shows evidence of flow having occurred.
Riebeckite and aegirine are not present as phenocrysts and occur
only as microlites. Quartz is also of lesser importance in this

variety.
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Other localities of the BHP with the sm@iodal to aphanitic
matrix occur at Position D (see Figure 19) at the Route 128-28
outcrop. Here more abundance and larger quartz phenocrysts
are present than at the Southeast Ridge exposure. Riebeckite,
aegirine and feldspar are less important. The Route 128-28 out-
crop is dealt with in detail in Appendix B. Where the matrix is
fine-grained and much more prominent than the phenocrysts,

Warren (1913, p. 242) terms the rock a "paisanite’.

D.3 Contact Features of the Blue Hills Porphyry

The BHP appears to be chilled against its contact with the AR.
It also forms an intrusion breccia with the AR on Hemenway Hill
and Great Blue Hill. Its' contact phenomena with the younger QG
will be reserved for a later section.

At the contact of the BHP and AR on the corner of Randolf Avenue
and Chickatawbut Road, the BHP shows characteristics that are
parallel or sub-parallel to the contact. There are no abrupt or
broken features within the BHP. Aegirine and riebeckite needles
are prevalent in the matrix and flow around grains and earlier form-
ed crystal clusters, or recrystallized microxenoliths., Quartz and
perthite phenocrysts are present in approximately equal proportions.
The quartz is strained and broken, or rounded. Aegirine is rimmed

with riebeckite or arfvedsonite. The perthite lamellae are generally
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coarser than in any other localities of the BHP.

On the south side -of Hemenway Hill, another contact of the
BHP and AR occurs. Here the BHP has broken and included
fragmental pieces of the AR within itself. The BHP becomes
distinctly finer-grained as it approaches the contact both at Hemen-
way I\-Iill and Great »Blue Hill, as well as at the contact at the
junction of Chickatawbut Road and Randolph Avenue. A contact
between AR and BHP also occurs on the south side of a rock
knob where Wampatuck Road branches from Chickatawbut Road.
The contacts are very indurated and dense, probably a result of
baking during contact metamorphism. There is no evidence of a
‘weathered zone or fossil soil developed between the units. The AR
does not appear to be flow-banded parallel to the contact; it is
rather brecciated and '"welded'.

The evidence appears to favor the conclusion that the BHP

intruded since at least some of the AR is older than the BHP, This

was first concluded by Warren (1913, p. 256).

E. FINE-GRAINED RIEBECKITE GRANITE

The fine-grained riebeckite granite (FGRGQG) retains the name giveri
to it by Chute (1969). It is a fine-grained, hypidiomorphic, pink to light
grey rock, composed mainly of microperthite and quartz. In places

the microperthite occurs in a micrographic intergrowth with



36

quartz. The FGRG has riebeckite. and aegirine as minor constituents
which may attest to its affinity with the QG. It contains magnetite, he-
matite, and leucoxene as accessories.

' The FGRG only occurs locally and is not an important unit in the
BHIC. It crops out on the northeast side of Fox Hill between the BHP
and QG. It is also found in small outcrops on the north and northwest
side of Pine Hill near the contact with the BHP, QG and aporhyolite.
Its exact age relationship to the RP-AR, and Braintree argillite is not
known, but it is believed to be younger than all three. The FGRG is
found as inclusions in the QG, and it is believed to be an earlier part of

the QG intrusion (Chute, 1969).

F. QUINCY GRANITE

The Quincy granite (QG) bounds the BHP on the north in the towns
of Quincy and Milton. ,

The QG is a coarse-grained hypidiomorphic, light-greenish or
bluish-grey rock. The granite is generally massive and is slightly
porphyritic near its boundaries. Light grey quartz and greyish-green
to pinkish-white feldspars are present in hand specimen. Black or dark
green hornblende is present in lesser amounts. In some places it is
pinkish (pyrolitized?). Riebeckite-arfvedsonite and augite occur either

as tabular masses with poikiolitic borders or as needles in feldspar.
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The feldspars are subhedral and occur as fine perthite. Accessory
minerals include fluorite, apatite, astrophyllite, aenigmatite, zircon,
and monazite (see Washington, 1899, 1898, 1896; Dale, 1923; Hawes,
1908; Wadsworth, 1883, 1882, 1876; White, 1897; Warren and Palache,

1911; and Warren, 1909, p. 15, for description of the QG).

F.1 Contacts with the Quincy granite

This section describes the contacts of the QG with the older rock
units. It will try to point out that:
1) The QG is younger than the BHP as the QG develops a
porphyritic border near its contacts;
2) The BHP is not chilled at the contact with the QG but
the BHP is chilled at the contact with the AR;
3) There is no QG-AR contact of any note; and,

4) The QG occurs as dikes in the BHP,

Rattlesnake Hill Contact - The QG becomes slightly
finer-grained and porphyritic near ‘the contact with the BHP, as noticed
by Crosby (1900) and Warren (1913). The BHP is uniform in appearance
throughout the strike of the contact area.

At the "sharp' contact described by Warren (1913, p.225) and Chute
(1969) on Rattlesnake Hill, the QG grades over an interval of several

meters through a finer-grained granite to a slightly porphyritic granite.
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At the immediate contact with the BHP the porphyritic QG changes into

BHP in about 5 cm. ' The line of contact is marked by abundant RP xeno-
liths in the QG. The rock is not continuously exposed, but is covered by
regolith, brush, and lichen, thus an exact contact between the QG and
BHP has only been observed in one locality.

The ;)nly known exposure of the contact between the QG and BHP
occurs on a slab that is rotated slightly from its original position on the
edge of a srnall cliff on the southwest side of Rattlesnake Hill. The
contact could not be followed in either direction due, in part, to the
proximity of the cliff and partly to the d%scontinuous and covered nature
of the rock adjacent to the cliff. The contact was not . sampled for
petrographic study due to the massiveness and smoothness of the rock
slab. No other contacts between the QG and BHP were observed.

The texture of the BHP remains constant up to the contact with the
younger QG and then the fine-grained matrix of the BHP is replaced by a
granite matrix with larger subhedral crystals of feldspar, quartz, and
poikioiitic amphiboles. There is no evidence of more abundant or larger
quartz phenocrysts in the BHP, as there is at the contact with the older
AR. The BHP is not finer-grained nor does it show any chilled characte-
ristics. The groundmass is not aphanitic and the BHP resembles the
BHP of the type locality.

The feldspars of the QG at the contact are whiter and have fewer rie-

beckite-arfvedsonite crystallites in them. The QG changes its aspect
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along the strike of the contact and in areas becomes very coarse,

pegmatitic, aplitic or even slightly porphyritic.

Chickatawbut Hill - Numerous ledges of BHP with RP in-
clusions crop out. If the area is diligently searched, a granitic rock
mass wh{ch is believed to be QG can be found. Itis a large elongated
body and resembles a dike with poorly defined contact relationships.

The contact of the coarse-grained gran ite with the BHP can be
traced for several hundred feet, but due to the nature of the outcrops
(i.e., not continuous, deeply weathered; stained, and covered with
lichen and bushes), no sharp contact can be observed.

- The granite from the Chickatawbut Hill locality has quartz and feld-
spar occurring in a granophyric intergrowth. The magnetite is poikio-
litic, probably replacing riebeckite. Magnetite altering to hematite
occurs with astrophyllite in the center of a perthite crystal. The
granite is weathered and resembles the QG to a large degree, but it is
redder than any of the QG exposures in the Blue Hills area. It is
comprised basically of a pink microperthite with sparsely distributed
quartz. Ferromagnesian silicates are absent; if they ever were present
they have all been oxidized to magnetite or hematite, which is common
in the rock. Others (M. P. Billings, personal communication; and Chute,

1969) have questioned that this is a dike of QG as asserted by Crosby

(1900), Warren (1913), and Chute (1940). In hand-specimen, the rock
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has fewer quartz crystals than the QG and appears slightly porphyritic.

The hornblende typical of the QG is absent and hematite is more
abundant,

The rock was sampled and a major element chemical analysis
made. The result is present in Table 2, column 7. Itis similar in
chemical composition to the QG. The contact of the granite and BHP is
very weathered, but the texture of the rock can be seen to change in the
space of a few centimeters.

Other Contacts with Blue Hills Porphyry - On
Nahanton Hill another coarse-grained porphyritic rock crops out for
several meters. It is coarser than.the typical BHP but more porphyritic
than typical QG. Xenoliths of RB and a dense aphanitic rock (either
broken off chilled margin of the BHP or part of the AR) occur, remind-
ing one of other QG-BHP contacts. The surface is jointed and covered
with paint, so not identification of the dense xenoliths could be made.
The coarse-grained rock is tentatively designated as the porphyritic
border of the underlying QG, as it was originally described by Crosby,
(1900, pp. 359, 365).

In Sassamon, Scamaug, and Slide Notches, there are other occur-
rences of a granite, which crops out in elongated shapes. The area was
thoroughly searched by this author and no "'sharp' contacts were located,

although both Chute (1969) and Warren (1913, p. 210) observed sharp

contacts,
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Contact Features of the Quincy Granite and
Aporhyolite - The contact of the QG. and AR was observed along a
small fault on Pine Hill. It was also noted on a roadcut where a trap
dike cuts both units and the outcrop is very weathered and broken up.

No clear \exposure of the contact between the AR and QG was observed,

Intrusive Breccia - The QG and RP occur in a grained
intrusion brec cia in the area just south o: the Broken Hills. The QG

occurs as the matrix intruding the RP.

F.2 General Statement on Quincy Granite Contacts

. The results of all the field work along the anomalous bodies of
granite locally exposed between Chickatawbut and Kitchamakin Hills is,
that such bodies do occur, their lithological affinities are uncertain
‘although the chen.istry points to the QG, and the petrographic examina-
tion does not rule out the QG. They appear to be dikes although their
relationship to the BHP is uncertain. It is not surprising the contacts
are not sharp, as both rocks are chemically and mineralogically simi-
lar, thus minimizing any contact feature such as baking or chilling.

The large, elongated, coarse-grained granite bodies occur over a’
considerable area and are probably related to the underlying QG.
Crosby (1900) interpreted the exposure as a gradational one between

the underlying QG and the chilled border of BHP (pp. 359, 364, 365-366).
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Warren (1913, p. 210) and Chute (1940, p. 12) considered them to be
dikes of QG cutting the BHP cover. Chute (1969) interpreted them as

large xenoliths. They probably are dikes of QG or of some other

granite.

N

G. PONDVILLE CONGLOMERATE

The Pondville conglomerate (PC) crops out on the south side of
the BHIC. The clasts consist mostly of flow-banded rhyolite cobbles,
rhyolite breccia cobbles, of minor amounts of quartzite pebbles, minor
amounts of small dark aphanitic clasts of hornfels (probably metamorph-
osed Braintree argillite), and of large boulders of the FGRG. The
matrix material is made up of lithic fragments derived from the rhyolite,
quartz, and feldspar grains and fine-grained clay minerals. In a few
localities some cross-bedding structures are evident and indicate that
the PC is dipping steeply to the south. The PC passes into the tan and
red sediments of the Wamsutta Formation to the south, The PC disap-
pears under a cover of glacial drift; to the east and west. Appendix B

discusses the relationship of the PCand BHP.
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III. MAJOR AND TRACE ELEMENT CHEMISTRY

The Blue Hills porphyry (BHP) has been associated with the
Quincy granite (QG) because of features they have in common, two of
these fea\tures being their chemical composition and mineralogy. The
essential minerals in both rock types are quartz, microperthite, aegix;—
ine, and alkali-rich hornblende. Accessory minerals common to both
units are zircon, sphene, magnetite, hematite, aenigmatite, fluorite,

and occasional calcite, and astrophyllite (Warren, 1913, p. 243; Buma,

Frey and Wones, 1971, p.302).

MAJOR ELEMENT CHEMISTRY

Chemical analyses of both the BHP and QG are shown in Table 2.
Because of the chemical similarities a common origin of the two rock
units has beer'x assumed (Warren, 1913, Crosby, 1900). The silica and
alumina values differ only one to three percent and the variation within
each intrusive is of the same magnitude. The total iron content is ap-
proximately the same despite the differences in the ferrous to ferric
iron ratio in each body. The total soda and potash content remains
nearly constant, and in only one case does potash occur in the lesser

Nazo + Kzo
' A12()3 ]:learly indicates that the

amount. The agpaitic ratio[

QG is peralkaline.
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TasLe 2 A no./yses of Quivcy Gramite, and Ble Hils Po;—/.ah v+
i z 3 4 5 A 7 8 9
S10, | 1508 1558 7353 72.97 72.86 79.2/ 7362 7435 7362
Aoy | /157 1117 12.29 12./3 1230 12.77 /1.74 13.60 12.57
Fe, 0| 225 1 2.91 2.77 /1.7 250 ~322 0.82
~ L 65
Fe O 0.93 /.26 /.55 /.09 2./0 2.04 073 0.6
MnO Tr 0.05 Tr Te 0.10 Tr. 0.03* 0.07
Mg O 0.03 0.04  0.04 020 ©.09 /04 o. 1 0.43 0.05
Cal 0.4 04 03l o7 0.87 0.98 0.06 .11 025
Na,0 | 420 403 466 4.6/ 443 207 4.1 37 468
K0 4.62 4.68 4.63 4.79 4.90 A 4.6/ 452 4.76
+
H,0 o.19 0.34 o4 0.35 0.3/ . 0.29
H, O 0.04 2.10 0. /o O.15 nd. 0.03
T0,| 020 022 03 .30 0.35 037t o026 ©31
Pz Os Tr. Tr. Tr. O.20 T . 6.07 0.03
20, | @020 020 (2w}t 020 040 .
co, 036
S 0.03
Total 897 9987 [100.95 100.25 100.55 10/. /6 98.6 9994 9356
Ng,0+K, 0
A,'zo; 4.03 1.05 1.05 l.05 .02 074 /. 00Z 0.8/

4+ assomed *o be c%oa\ to Pre\n;os ama\\/ses

4[, MEAZ(.;_’!P grey 3{m§d‘c , HitchcocK Quarry, North Common HI.(‘,Qm'ncy , Mass. Analy_d, C.H. Wavven, 1913.
p227

2. Very dark 3"“"6{11 Reinhalter QU‘”)’;W. Quincy, from about 300 feet below surface. AleS{i
C. H. Warven, 1913 p. 227. .
3. Medivm dark sran;'l'e, Hardwick QOa.rry) North Common Hill Anah{s‘*, H.s. Wo.shmg‘fcnl 1898,

4 5“3"'”‘/ Porfshyh"’k Phase_ .?rom near contact with Sm\;\d‘&—f;orp‘qyyy_ Quarn’ North side Og-
Ratllesunake Hil, Blue Hills Reservation. Analyst, C. H. Wavren, 1313, p227.

S Bloe Hills p°"P"‘)""Y; east side of Rattlesnake Hill, analyst C.H.Wavren, 1913, p.260.

6. Blue Hlls Porphyry, east part of Bloe Hills | average of seveval amnal yses by M.LT stodents
pre- 1900, ¢ 362.(Crosby,l900) - .
7. DiKe on Chickatawbot Hil)) Electron micvoprobe, analyst, R. Hon, 1974, onpoblihed dafa.

8. Rhombporphyry Pine Hill A"‘ea./ aralyst C.H. Warren, 1913, p.2T1.

9. Blue Hlls parpkyr)// quany east side of Rattlesnake Hill, Electron microprobe, analyst, W.3J. OlszewsKq, 1974
unpublished data.
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The analysis of the BHP (Table 2, columns 4 and 5) by Warren (1913 )

indicates that the rock he sampled had a major element chemistry simi-
lar to the QG as well as a similar agpaitic ratio. The BHP analyzed by
Crosby's students (Table 2, column 6) indicates that the rock is not
pexalkalifle. The sodium content is markedly lower than in any of the
other analyses, and the agpaitic ratio is definitely not peralkaline. A pos-
sible explanation for the radical difference in agpaitic ratio and chemistry
is the fact that Crosby did not distinguish in the field between the RP aud
the BHP. Thus Crosbys (1900)data most probably included several ana-
lyses of the RP, as well as the BHP, and his results, therefore, should
be considered as being somewhat suspect. The other obvious discrepancy

is the M_O content, which is much greater than in any other unit,

g

TRACE ELEMENT CHEMISTRY

Analytical Proce dures

Instrumental neutron activation analysis (INAA) was used to deter-
mine trace element abundances in the BHP. A comparison of trace
elements in the BHP and QG is uséful in testing the hypothesis that these
rocks are petrogenetically related (Taylor, 1965).

The INAA was carried out using procedures similar\ to those des--
cribed by Gordon and others (1»968). A standard (prepared by L. Lopez,
1972) was irradiated with three BHP samples collected from recent cuts.

The localities are shown on the map (see Figure 4).
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The QG, Peabody (PG), Cape Ann (CA), Narragansett Pier (NP),

and Westerly (W) granites were not analyzed in this study as sufficient
data is available from the work of Buma and others (1971). Figures 5,
6 and 7 show the rare earth elements (REE) trends of the CA, PG, and

QG for comparison to some other nearby intrusions, NP and W.

Sample Descriptions

Sample 73-4-1 was collected from the Route 128-Route 28 clover-
leaf road cut in the BHP zone (see Figure 19). Samples 73-4-1 and
73-4-56 were collected about 1.2 kilométer apart, but both within fifty
meters of the contact with the Pondville conglomerate (PC). Sample
73-4-56, a porphyry paisanite (paisanite refers to the fact that the
matrix is much finer-grained and more prominent than the feldspar and
quartz phenocrysts) was collected midway in the newly blasted road cut
on the north s.ide of Route 128 where Southeast Ridge is cut by Route 128,
Sample 73-4-2 was collected from the south side of the quarry on the
eastern flank of Rattlesnake Hill. This sample is very close to the
contact with the QG and is more cxjystalline than 73-3-56. This is the

type of locality of the BHP chosen for Warren's (1913) chemical analysis.

Petrographic Descriptions

73-4-1: The matrix is a fine-grained mixture of quartz and feld-

spar, and appears to have been partially recrystallized. Rounded
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quartz phenocrysts make up approximately six percent of the rock. The
feldspars are greatly altered and probably were a microperthite.

Little remains of the feldspars, as they have been sericitized and re-
placed by calcite. Numerous quartz shards are present. Ilmenite
mantled with magnetite has replaced a poikiolitic ferro-magnesian,
probably riebeckite. Aenigmatite and augite occur in trace amounts.
There is some type of relict bedding. This rock resembles a sub-

aqueous crystal tuff which has been recrystallized.

73-4-2: This is a sample of the BHP from the type locality. It
has large euhedral phenocrysts of quartz and feldspar. Feldspar pheno-
crysts, mostly euhedral orthoclase, and micro- or cryptoperthite are
more abundant than quartz., The perthites are rimmed with albite.
Both quartz and feldspar show signs of being partially resorbed. The
groundmass makes up about fifty percent of the rock and is a fine-
grained quartz-feldspar, hypidiomorphic mixture. Riebeckite and
poikioiitic aegirine together make up about eight percent of the rock.
The riebeckite occurs in tabular masses as well as poikiolitically and

the aegirine also occurs as small rods in the groundmass.

73-4-56: This is a typical BHP sample of what Warren (1913)
might have called a quartz-feldspar porphyry. It has a finer-grained

quartz-feldspar matrix than 73-4-1, but not nearly as fine as 73-4-2.
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Feldspar (perthite) phenécrysts occur in larger numbers than quartz
phenocrysts. The quartz phenocrysts are subhedral and deeply embavyed.
Some perthites are broken, and albitization occurs along the fractures.
The perthites occur as patchy, braided or string perthites, generally
eu}.ledral,‘ but with some rounding.

Broken fragments éf partially resorbed quartz occur. A micro-
xenolith of granophyric quartz and feldspar is present. Leucoxene oc-
curs as a liberal dusting in the groundmass. Some hematite is present.
Ilmenite occurs as granules larger than. the quartz-feldspar matrix
crystals. Riebeckite is very sparse making up less than one percent

of the rock. Astrophyllite and aenigmatite occur as trace minerals.

Sample Preparation

Each of the three samples was crushed, individually homogenized
and then split to a few grams and ground into a rock powder. No atten-
tion was given to avoiding iron (Fe) contamination as this was not
considered a trace element and a few extra parts per million would not
affect the Fe content appreciably due to its two percent content already.

No mineral separates were made. No duplicate analyses were made.

Estimate of Analytical Accuracy

An estimate for the accuracy of the INAA method used and the

standard deviations from U. S. Geological Survey standards can be
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proﬁded from the analysis of the G-2 data made by L. Lopez (1972,
p. 15) and shown jn Table 3. Standard deviations are shown in parts
per million (ppm). Table 3 shows the data for the analyses for each
sample. The Wasson method (Baedecker, P.A., 1971) of calculating
the standard deviation for half peak data reduction was used to deter-
mine the\errors.

The standard deviation for all the elements except scandium (Sc)
is less than ten percent. The standard deviation for Sc is thirty-four

percent. Samples 73-4-1 and 73-4-56 are very similar and deviate

from each other by less than ten percent.

Trends of REE Abundance

Sample 73-4-2 is the BHP geographically closest to the QG. Itis
also presumably the farthest from any deep weathering zone, as well
as being farthest from the surface of the BHP. The general trend of
sample 73-4-2 is more nearly similar to the QG than either of the other
two samples, as can be deduced from the BHP samples normalized to
the three QG analyzed by Buma (see Figures 8a. and 8b.). It shows
approximately a fifty-eight percent lower La abundance, and fifteen
percent lower Yb and Lu abundance than the other two samples. The
73-4-2 REE curve has the same shape (see Figure 9) as the other two

samples but it is shifted approkima.tely twenty-eight percent lower.
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All three samples more closely resemble the alkali granites than

the subalkaline Rhode Island granites (see Figures 5 and 9).

Results

The results of the INAA show that all three BHP samples are re-
markably uniform in their REE trends and follow the trend of the QG to
a large extent (see Figﬁres 8a., 8b. and 9).

All BHP samples relative to the chondritic average are enriched
in the lighter REE and strongly depleted in europium (Eu), a typical
alkali granite trend (Buma and others, 1971).

The heavy REE (Yb and Lu) occur in the same relatively high
abundance for granites in both the BHP and the QG. This trend is in
contrast to the strong depletion of heavy REE evidenced by the sub-
alkaline granites.

In samples 73-4-1 and 73-4-56, there is a strong sloping trend
from Gd to Yl;; this trend might be exaggerated due to a problem with
obtaining results from the 63 Kev Yb peak. This could not be substan-
tiated by the 283 Kev Yb peak, because of an error made while counting
which erased the results of the standard in the neighborhood of the 283
Kev peak.

The error bars for Tb are known to be relatively large (F. A. Frey,

personal communication ), which might also throw some doubt into the

actual abundances of Tb, both in Buma's (1970) results and those of this
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work.

Sample 73-4-2, as can be seen in Figures 8a. and 8b., more
closely approximates the QG REE abundances especially in the Gd, Tb,
and Dy area. Again this could be a statistical error as explained in the
foregoing paragraph.

The \Eu/Eu* values of the BHP indicated in Table 4 show a weaker
Eu depletion compared Ato that found in the QG, but this is not excessive.
Eu/Eu* indicates the ratio of the observed Eu abundance to that obtained
by interpolating between Sm and Tb abundances on a plot of whole rock/
normalized to chondrite averages versu's REE atomic numbers.

The most noticeable difference of the BHP and QG from the other,
both alkali and subalkali granites, is the Sc content. The Sc content of
the three samples of BHP is less than 1 ppm. This is typical of the QG
and is in strong contrast to the other alkali and subalkali granites of the

area,

Discussion

The results of the INAA indicate that magmatic conditions of the
BHP and QG are similar. The lesser Eu anomaly of the BHP, compared
to the Eu anomaly of the QG indicates, that 73-4-1 and 73-4-56 are
slightly more primitive (less differentiated) than the QG and might be
the chilled border of the QG. The lesser heavy REE depletion of the

BHP relative to the QG indicates magmatic conditions more similar to



the PG and CA than to the QG.

Buma and others (1971, p. 317) concluded that the QG was more

differentiated than either the PG or the CA because :

1) it has a larger Eu depletion;

2) is clearly peralkaline with an agpaitic ratio- > 1;

3) ° the Sc is markedly depleted; and

4) it has higher abundances of elements commonly

enriched in liquids (Zr, Yb, Hf, Ta).

In a similar manner,

1) the BHP has a Eu depletion between the QG and PG but

closer to the QG;

60

Table 4
Eu/Eu% Eu/Eu% Eu/Eu%*
Blue Hills Porphyry 0.17 0.18 0.17
Peabody Granite 0.26 0.29 0.28
Cape Ann Granite 0.44 0.36 0.22
Quincy Granite 0.17 0.14 0.13

x
Eu/Eu* is the observed Eu abundance divided by
interpolated abundance in Figures 6, 7, and 9.

v

2) the BHP has an agpaitic ratio of 1.02, clearly peralkaline;

3) the Sc is markedly depleted in the BHP;



61

4) Yb, Hf, Ta are present in larger abundances than in the

other granites. Zr is present but is quite low compared to
the other granites. (Note: Zr data has a large error
associated with it due to its low concentration in the
standard used, and it might not be at all indicative of the
true abundance},

The relatively high Eu content, as shown in Figure 9, seems to
indicate that the BHP is more primitive (less differentiated) than the
QG. However, the relatively high Hf, Ta, and Th contents relative to
the QG indicate a more differentiated magma.

Zr is also quite low in abundance indicating a relatively primitive
magma.

The Th abundance ~19 ppm is also slightly higher than average for
the QG V13 ppm, indicating that perhaps the BHP has undergone further
differentiation than the QG.

Sample 73-4-2 shows a closer petrogenetic relatioﬁship to the QG,
as the REE abundances of Gd, Tb, and Dy are more like to QG than the
other two BHP samples. In fact, only a few meters to the west of the
sample the QG and BHP contact from this locale is gradational in
aspect, giving field support to the similar REE trends.

The questionof whether the BHP is more primitive or less primi-

tive cannot be answered from the REE abundances. The REE abundances
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indicate they are very likely to be comagmatic.

CONCLUSION

In conclusion, the INAA disproves the possibility that the BHP
could be related to the subalkaline suite of granites, which cuts
Carboniferous rocks in Rhode Island. The INAA data indicate the
BHP and QG are closely related. This is especially evident by the
extremely low Sc abundance in both units, as this feature does not
occur in the petrologically similar CA or PG. The low Sc abundance
and similar Eu depletion are the strongést reasons for believing the

QG and BHP are genetically related.
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IV. REVIEW OF ISOTOPIC STUDIES OF THE BLUE HILLS COMPLEX
(Reterence to Table 5 might prove helpful)
SUMMARY OF ISOTOPIC WORK

Quinn, Jaffe, Smith and Waring (1957) determined lead-alpha Pb--
ages on zircon and monazite from the "Quincy' granite, and obtained
an age of 270+ 7 MY. This result gave impetus to the theory of those
who believed the BﬁC was Carboniferous, and post-Acadian. However,
their "Quincy' granite is from Peabody, Massachusetts and is not
related to the BHIC. Furthermore, errors in the method used have
been found and the data are only of historical interest.

Hurley, Fairbairn, Pinson, Faure (1960) attempted to measure
potassium-argon (K-Ar) and rubidium-strontium (Rb-Sr) mineral ages
for the QG. They were unable to determine an Rb-Sr age for the QG.
They determined a minimum K-Ar age of 280+ 15 MY for the QG.

Bottino (1963a) determined Rb-Sr ages on the QG, BHP, and AR.
Bottino's Rb-Sr ages of the QG (325+ 15 MY) are substantially older
than those of the nearby and presumably related BHP (2451 10MY).
The results also suggested that the AR (248+ MY) was apparently
similar in age to the BHP.

Bottino (19632a) did no independent field work but noted that the
isotopic results were incompatible with field relationships as reported

by Warren (1913), Crosby {1900), and Chute (1940).
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Zartman (1967) determined a K-Ar age of 442+ 22 MY for the QG
latest radiometric work. Zartman (1969) presented the results of
zircon (Pb-U) and K-Ar dating on the QG. Zartman (1969) determined
a K-Ar age of 430-457 MY and a Pb207/Pb200 zircon age of 450+ 50 MY.
Zartman said Bottino's (1963a) Rb-Sr data showed considerable scatter
and questioned the usefulness of the Rb-Sr method on the BHIC.

Bottino, Fullagar, Fairbairn, Pinson and Hurley (1970) analyzed
ten additional BHP, four AR and one QG whole-rock samples for Rb-Sr
ages. These data were combined with Bottino's previous (1963a) data
with the correction of a systematic mass spectrometer error. The QG
yielded an isochron age of 365+ 7 MY with an (Sr87/Sr86)o ratio (else-
where denoted as Sr_) of 0.703+ 0.004. The BHP yielded an isochron
(2831 8 MY) with an Sr_ of 0.717+0.002. The AR results plotted on an
isochron diagram showed considerable scatter and only an envelope
with an age ra.nge of 235 MY to 420 MY could be drawn about the points.

Bottino and others (1970) concluded that the QG and BHP probably
acted as an open system after crystallization. They correlated the
365 MY isochron age of the QG with a widespread metamorphic period
of 360 MY ago (Hurley and others,1960). They suggested that the age record-
ed by the BHP, is either a younger igneous episode--a patrtial response to

late Paleozoic metamorphism- -or a localized hydrahermal event,
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Zartman and Marvin (1971) reviewed all the radiometric ages

determined for the BHIC. They introduced ten new Rb-Sr whole-rock
ages for the BHP and QG, a zircon age for the QG, and six K-Ar ages.
Their zircon and K-Ar ages for the QG agreed at 437+ 32 MY and 430-458
MY respectively. The Rb-Sr age determined was 313+ 22 MY with an
Srg of 0.731. This age is lower than the age determined by Bottino
and others (1970) and the Sr, much higher (see Table 5). The Rb-Sr
data had two BHP points onit. A single K-Ar age was determined for the
BHP. Zartman and Marvin (1971) concluded the QG was emplaced about
450+ 25 MY ago and that the Rb-Sr ages have been altered and might

record some younger post-crystallization event.

DISCUSSION

Zartman and Marvin's (1971) radiometric work, Chute's (1969)
field map and.Bottino and others' (1970) Rb-Sr whole-rock isochrons
do not provide consistent data to advance a suitable theory for the age
of the BHIC and its internal relationships.

Zartman and Marvin's (1971) i(-Ar and Pb-U ages suggest that
Bottino and others' (1970) Rb-Sr ages are too young; however, Bottino
and other's (1970) Rb-Sr isochrons are too straight to dismiss arbitrari-
ly and suggest to others (D. R. Wones, personal communication) that
there is a possibility of more than one igneous event being recorded in

the Blue Hills and the young Rb-Sr ages might have all been collected
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from the younger unit,

Many of Bottino's (1963a) samples used for Rb-Sr age dating
were collected years earlier and were not intended for isotope studies.
It is also possible that they are not representative of the unit in which
they were collected. The samples were collected for petrographic work
and different standards are required for age dating. Thus criteria need
to be established to eliminate marginal data that might cause scatter in
the Rb-Sr results.

It has been suggested (P. M. Hurley, personal communication)
that the K-Ar ages of Zartman and Marvin (1971) may be somewhat high
because of inherited Ar in the samples. The K-Ar method of age dating
assumes no Ar in the mineral is inherited during crystallization. This
assumption is not always valid (Hayatsu, 1972).

Zartman and Marvin (1971) calculated the effects of pyroxene conta-
mination and decided that it affects the ages of the riebeckite by less
than two percent. However, they neglected the effect of inherited Ar
in the riebeckite structure itself. ‘The effect of inherited Ar in rie-
beckite is probably not large but might help give old looking ages, and
agreement with zircon ages might be fortuitous (R. S. Ngylor, personal
communication).

The single zircon age determined by Zartman and Marvin (1971)

falls along the flattest portion of the Concordia diagram (see Figure 10).
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Just a slight shift in the data could shift the age by several million

years. Zartman and Marvin (1971) called on a 450 MY kinship between
the Cape Ann, Peabody and Quincy granites for their diffusive or epi-
sodic lead-loss chord intercept on the Concordia diagram. As the
cogrelation of the alkali granites in New England is becoming more un-
certain, because of Foland and others' (1971) White Mountain studies,
Zartman (R. S. Naylor, personal communication) would be less in-
clined to relate the granite. Zartman (1969) also stated that the comm~n
lead correction for the QG zircon .is la'.rge and introduced a large un-
certainty.

It has also been suggested that randon loss in the decay scheme
of U to Pb might cause a preferentié.l loss of PpZ06 resulting in an
anomalous 2'07Pb/20‘€’Pb age. This was not evaluated by Zartman and
Marvin (1971).

As isotopic age dating has not proved to be conclusive so far, it
should be examined more carefully. In the following section, the un-
certainties in the three geochronological methods are examined to
determine the most reasonable age for the BHIC. The localities of the
samples are shown in Figure 11.

The decay constant for Rb-Sr used in all cases is ) = 1. 39x10'11yr' 1

The use of A= 1.45x10-]‘ly'r"l would reduce the ages by six percent

and cause an even larger discrepancy with K-Ar and zircon ages.
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EVALUATION OF Rb-Sr DATING

Quincy Granite Results

-

In Figure 12, Zartman and Marvin's (1971) eight data points
and Bottino and others' (1970) six data points for the QG are plotted.
The solid\line is a least squares fit (Bevington, 1969) toal1l fourteen
QG points. The linear correlation coefficient is 0.99718, the Srg is
0.72340.005, and the age is 326 MY. Bottino and others' (1970) cubic
least squares fit (York, 1966) to their six points is the short-dashed
line, The long-dashed line is Zartman a‘,nd Marvin's (1971) least
squares regression (McIntyre and others, 1966) fit to their data.

In Figure 13, only those rock samples collected specifically for
age dating and with good reproducibility are included. This deletes
R-4770 which did not have good reproducibility, R5064, R5065, and
R5067. The c9mputed least squares fit is shown. It yields an age of
319 MY with an Srg of 0.725+ 0.006, and a linear correlation coef-

ficient of 0.99669.

Blue Hills Porphyry Results

In Figure 14, ecighteen dat a points, sixteen from Bottino and
others (1970), and two from Zartman and Marvin (1971) are plotted.
The solid line is a computer generated least squares fit., The linear

correlation coefficient is 0.99337, the Srg, is 0.729+ 0.006, and the
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age is 269 MY. The dashed line is Bottino and others' (1970) cubic

least squares fit to their sixteen points, yielding a 282+ 8 MY isochron
with an Srg of 0. 714.

Figure 15 is a plot of 'cleaned' points. The criteria used for
cleaning are (1) the rock samples were specifically collected for age
dating, (2) they were not near an altered zone in the road cut inter-
secting Southeast Ridge (see Figure 1l), and (3) the data were repro-
ducible. This deletes R4701, R4702, R477'2 (poor reproducibility),
ODC-38, ODC-41, ODC-42 and 78. A least squares fit to the cleaned
data yields an age of 281 MY, the Sr is 0.722+ 0.006, with a linear
correlation coefficient of 0.99709.

Figure 16 is a plot of those samples collected near the southern
contact of the BHP with the PC (see Figure 11). The least squares fit
yields an age of 273 MY and an Srg of 0.718+ 0.002. These points
are plotted to .determine if the southern edge of the BHP might be a
unit of a different age. The ages do not show any marked departure

from the cleaned or total data points isochron.

Aporhyolite Results

Figure 17 is a plot of all Rb-Sr data on the AR, There is a great
deal of scatter. Noisochron is plotted; however, an envelope of ages

is shown.
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Figure 18 shows a plot of the cleaned AR data. The points were

cleaned by including only those which were collected specifically for
age dating.
The cleaned AR data yield an age of 361 MY with an Sr of

0.716+ 0,018, and a linear correlation coefficient of 0.98673.

Discussion of Rb-Sr Systematics

The Rb-Sr pattern for all the units shows considerable scatter.
With the exception of the AR, cleaning the isochrons does not reduce
the scatter, nor does it change the ages.

The Srq of all the units is very high (see Table 6), suggesting that
the isochrons have been rotated (Bence, 1966; Faure and Powell, 1972;
and Hedge and Walthall, 1963). The rotation must be due to a syste-
matic redistribution of Sr or Rb to keep the isochrons as straight as

_they are. The most reasonable guess would be a redistribution of Sr.
The low Sr content of the rocks makes them sensitive to Sr exchange
or confamination.

The raised Sr, values indicate, however, that the .sa.mples with
low Rb/Sr ratios may have absorbed some of the radiogenic Sr. One
mechanism for explaining the rotation of the isochrons is suggested bf
the observation that the Rb and Sr in these rocks are contained in a
single phase -- the alkali feldspar. This phase favors Rb over Sr,

hence Sr will be released during a disturbance. More normal granites
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TABLE 6

Summary of Rb-Sv Ages for Figures ‘in this Work

_ 4 Num ber of
Rock  Uniy Figure Aee Sr, Powts Reference
Quiney granite 'z 326 07230005 4 Thiswork
{2 \
365  0703+0.004 6 b }‘Sfo"f others
Iz 313 0.730 (O Zastmanand Marin
“cleaned (1071)
Quiney grantke i3 318, 0.725t0.006 10 This work
Bive Hills porphy (4 269 0729 +0006 18 This werK .
287 0714 (8 Botlinoznd cthevs
‘cleaned" |5 (o 70)
Blue Hills Porplﬂ\[vy 28| 0.722+0006 10 This work
Blue Hills porphyr 16 7 0118+000 ’
Oloe HiTe o Cwﬂl& 213 71840002 10 This work
APOY“\YO"""6 17 241 0,74310.026 9 This worK
w 1]
cleaned (8 361 07160018 5 This worK

Apovk\[o‘i"’e
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contain minerals (calcium plagioclase, apatite, and epidote) which

absorb the Sr near wheré it is released. This may be why the whole-
rock samples appear to have closed-system behavior. The QG and BHP
lack Sr-acceptor sites, hence the Sr, once released from the parent
mineral, may migrate large distances before being absorbed --
dis;tances\ large enough to redistribute Sr throughout the bulk of the
pluton. Loss of Sr from the rock with no resorption could systematical-
ly lower the slope of the isochron (lower the apparent age) but would not
change the Sr, value. The anomalously high Sr, values show that some
of the radiogenic Sr has been absorbed I‘Dy samples with low Rb/Sr ratios.
It is doubtful that Rb is the element effecting the disturbance in the
ages. If Rb were the element causing the disturbance, it would have
had to have been added. This is doubtful as the Rb content of the units
is lower than in normal rocks (Bottino and others, 1970). Also, the
addition of the Rb does not account for the raised Sr, values. Itis not
likely Rb was added in proportion to the Sr in the rocks so as to produce

such straight isochrons.

POTASSIUM-ARGON DATING

Zartman and Marvin (1971) determined potassium-argon (K-Ar)
ages of 430-458 MY on six samples of riebeckite from tl;.e QG and
301 MY on one sample of riebeékite from the BHP. They used as clean

a sample of riebeckite as little affected by alteration as possible.
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They also determined the K-Ar age of a pyroxene sample to enable
them to quantify the effect a few percent of pyroxene impurity would
have on the age of a riebeckite sample. They measured an age of
934+ 28 MY indicating that excess Ar is present and calculated that this
alters the\ age of the riebeckite by two percent or less. They did not
correct their ages for the pyroxene as it is within the experimental
uncertainty of the method. For example, the riebeckite in sample 211
(see Table 7) yielded an age of 437 MY, if this were corrected for six
percent pyroxene contamination, it woulfl yield an age of 426 MY.

No attempt was made by Zartman and Marvin (1971) to account for
any inherited Ar in the riebeckite structure itself. The effect of in-
herited Ar is greater in minerals of low K content,and would have a
large effect in riebeckite if it were retained. There have been no
definitive studies on the ability of riebeckite to retain Ar, but the possi-
bility must not be ruled out (Dalrymple and Lanphere, 1965). From a
cursory look at the data the riebeckite with low K content does not
produce an age older than one with a higher K content (see Table 7),
"hence the inherited Ar effect is probably slight.

Zartman and Marvin (1971) determined the age on a single rie-
beckite sample from the BHP and felt the age was low due to the altered
nature of the rock and poikiolitic feldspar included in the riebeckite.

The feldspar might have accounted for the high K, O content and might
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Pstassium- Argen Ages  of the Quncy Granite and Bloe Rlls PO"‘P"‘Y")/*

ROCK Sample
U’\“T N M . \ & Age
0. nera KZD /0 MY
%t::m 95  riebeckite 0 93) 430% 13
96 nebecite 0.768 458 14
97 riebecKile 0.953 444 A 3
98  rnebeckle 0612 437%13
21 riebecKite 0.962 437+1\3
21! pyroxene 0.192 934t 28
Blue Hills 213 yiebeckite 1876 301t 9
pevfy

* Data ada.pfecl -?rows Zartman and MarvM, gu, P.943
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have contaminated the K7Oo0f the riebeckite.

ZIRCON DATING

Quincy Granite

The zircon method of age dating has generally been the most
successﬁ\:.l in ""'seeing through' more recent thermal or metamorphic
events. It has proved useful even in cases where K-Ar or Rb-Sr
systems have been reset (Doe, 1970; Steiff, 1959),

Three i..dependent ages (U238/Pb206, U235/Pb207,

Th?32/ pb208)
and one dependent age (Pb207/Pb206) for a single sample may be de-
termined from analysis of thorium (Th), uranium (U), and lead (Pb)
isotopes. The method does not require more than one sample from

a given pluton; however, because of possible post-crystallization Pb
diffusion from the zircon, it is preferable to plot all cogenetic zircons
on a Concordia diagram and determine a regression chord whose upper
intercept yields the best age for the suite of cogenetic zircons,

Zartman and Marvin (1971) analyzed only one zircon fraction from
the QG. They plotted their U-Pb data for the QG on a Concordia plot
along with zircon data from the nearby Cape Ann and Peabody granites
which they assumed to be cogenetic with the QG. A chord fitted to these
points yielded a primary Concordia intercept of 450+ 25 MY which Zart-

man and Marvin interpreted as the best measure of the age for the

three granites.
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" For this paper it is important to estimate an age for the QG alone
without introducing the assumption it is cogenetic with the other granites;
thus, a discussion of how to estimate an age from a single zircon analy-
sis follows.

A unique age determination from a single zircon fraction cannot be
made using the episodic Pb loss model of Wetherhill (1956). Assuming
reasonable dates for post-crystallization disturbance episodes, the fol-
lowing primary ages may be derived: a 400 MY episode (possible em-
placement of AR) yields a primary age of 680+ 25 MY; a 360 episode
(Acadian orogeny) yields 520+ 20 MY (Lyons and Faul, 1968; Quinn and
Moore, 1968); and a 260 MY episode (emplacement of post-Carboniferous
granites) yields 450+ 20 MY (Zartman, Hurley, Krueger and Gilletti,
1970). All primary ages by this model are older than the szo’z/Pb206
age.

The two (;ogenetic zircons from the Peabody granite have a lower
Concordia intercept of 200+ 20 MY (Zartman and Marvin, 1971), showing
no sign of episodic disturbance at any of the times indicated above.

One can use various Pb diffusion models (Tilton, 1960; Wetherhill,
1963) to estimate possible regression lines through a single datum point.

The family of radiation damage diffusive Pb loss models (Wasser-
burg, 1963) yields slightly younger primary ages than the constant dif-

fusive Pb loss model of Tilton (1960). Wasserburg (1963) has shown
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that for nearly concordant zircons the ages from these different models

agree to the first order, and that these ages are only slightly older than

2
the Pb207/Pp?%% age. Hence, Zartman and Marvin's (1971) Pb207/

Pb206 age of 437+ 32 MY probably gives a good estimate of the minimum
age of the QG zircon. The error bracket of + 32 MY is large, due to
the uncert;.inty in the common Pb correction for this particular analysis
(Zartman and Marvin, 1971).

Radon loss could make the Pb207/Pb206

age anomalously old but

does not appear to be a major effect. The interpretations discussed

above assume no intermediate daughter loss, but this is at least a possi-

bility in the QG which has probably never been ''sealed' by deep burial

-(P. M. Hurley, personal communication). Radon loss is explained in
the following paragraph.

An intermediate step in the decay process from U to Pb for both U
isotopes as well as Th is radon (Rn) -- a gas. If the system is subject
to Rn leakage, either through crystal damage due to radioactive break-
down of the parent or to elevated temperature in the parent rock, the
daughter product will then be lost. This loss of daughter product

will produce an erroneous age. In the Pb207/Pb206 age determination,

the two daughter products have different intermediate half lives. The

238 206

U%>% to Pb“"® chain has Rn222 with a half life of 3.8 days, the U433 to

Pb%07 chain includes Rn2!? with a 3.9 second half life. Thus, a system
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open to Rn leakage would have a better chance of retaining the Pb207
than Pb20°,

Because of the above reasons, U238/Pb206, U235/Pb207, Th232/
Pb208 11 yield lower ages. The Pb207/ pp206 age on the other hand
will be too old. Thus an age intermediate between the three low ages

207/Pb206) would yield the most accurate age by

and one high age (Pb
this model.

Zartman and Marvin (1971) analyzed two zircon fractions from the
Peabody granite for their U-Pb isotope content. A normal Tilton (1960)
model regression line for diffusive Pb loss fitsthe two Peabody points
with negligible evidence of any Rn loss having occurred. Thus, diffu-
sive Pb loss clearly dominates the isotope data with only a slight chance
of any Rn loss having occurred. The QG lies within analytical uncer-
tainty on the same chord as the zircon fractions from the PG and would
probably also be dominated by diffusive Pb loss with minimal evidence
of Rn loss.

There is no suggestion from the isotope data or the morphology of
the zircons that xenocrystic zircons are present. For this reason, it

is doubtful that any anomalously old U-Pb age could be obtained due to

older zircon contamination.

Blue Hills Porphyry

A seventy kilogram sample of BHP was collected and processed for
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zircon (Pb-U) age dating to determine if the zircon age would also
yield an older age than the Rb-Sr method for the BHP. However,

insufficient zircon was obtained for analysis.

EVALUATION OF ALL ISOTOPIC WORK

Quincy Granite Results

The zircon (Pb-U) ages and K-Ar ages of the QG are in agree-
ment and yield ages ranging from 413 to about 458 MY. At first, the
results of Rb-Sr work on the QG and BHP appear to be too good to be
dismissed arbitrarily and were, therefore, examined carefully. The
Rb-Sr ages of the QG are younger than the K-Ar or zircon ages by at
least 50 MY.

The results of the Rb-Sr isochron method on the QG yield ages
that range between 313 and 365 MY for computer analyzed results in
apparent disagreement with both the K-Ar and zircon ages. This indi-
cates that either both the zircon and K-Ar ages are anomalously old by
the same amount (a most improbable occurrence), or else the Rb-Sr
system has been reequilibrated after crystallization. The Rb-Sr
system records an age that is a partial response to a late Palezoic

\

disturbance.
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Blue Hills Porphyry Results

The BHP yields Rb-Sr ages that are younger than the Rb-Sr, K-Ar
and zircon ages of the QG. This disagrees with the observed field re-
lationships pointed out in Chapter II. Thus, it is assumed the Rb-Sr
ages for the BHP are altered as well,

The BHP whole-rock Rb-Srisochron of Bottino and others (1970)

yields a 282+ 8 MY age with an Sr_ of 0.717+ 0. 002,

(o]

Cleaning the BHP points, plus including Zartman and Marvin's
(1971) data, does not reduce the scatter at all from the isochron of
Bottino and others' (1970). The origipal isochron yielded an age of 283
MY and the cleaned isochron, 281 MY. The isochron for the BHP near
the contact with the PC shows the least scatter of any BHP isochron,
the age of 273 MY not having changed appreciably. The points not used
for the last isochron (see Figure 16) do not produce any isochron at all.
There is no evidence that the BHP can be broken into two units from the
Rb-Sr data so far obtained.

The BHP must have had its Rb-Sr lowered by the same mechanism
which affected the QG, and which was discussed in the preceding pages.
The effects which lowered the age are more prominent in the BHP whic};
is possibly due to its more surficial location.

A second reason, such as later hydrothermal activity (which may

have lowered the age), is suggested by some altered rock along the road-
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cut at the base of Southeast Ridge.

Aporhyolite Results

The AR shows the largest scatter in Rb-Sr points of any of the
three unéts under consideration. Its data points define no isochron,
either cleaned or using all available points. The uncleaned data yield
a 247 MY age with a large standard deviation. The best fit to the
cleaned isochron yields a 365 MY age, the latter agreeing with the
Devonian paleomagnetic poles reported .for the Mattapan volcanics
(L. D. Schutts, personal communication) which may suggest thaf dis-
turbances did occur at that time.

Some of the AR samples appear to be older than both the QG and
BHP as4they have a higher Srg for the corresponding Rb87/Sr86. Other
ages are lower, no doubt, due, among other things, to the event which
caused the pyritization and faulting along the Route 128 - Route 3 inter-
change just southwest of Pine Hill,

The AR is composed of a series of acid extrusives; thus, ash and
block flows, tuffs, volcanic breccias, and rhyolite flows are all incorpo-
rated into the AR unit. It is not surprising that such a varied unit should
yield varied ages. The possibility of younger volcanics ;)ccurring in the

area cannot be ruled out on the basis of geochronology, petrographic

work, and field work.
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CONCLUSION

It is my opinion, based on Zartman and Marvin's (1971) data, that
the QG was emplaced between 422 and 437 MY ago. This age is early
Silurian or late Ordovician by many time scales (Faul, 1960; Bottino
and Fullager, 1966; Fullager and Bottino, 1968; Edwards, et al., 1959)
and is not in conflict with observed field relationships. It later either
underwent a metamorphic event, which reequilibrated the Sr through-
out the rock, or continuously lost radiogen%c Sr due to weathering.

The lower ages recorded by the AR and BHP are probably the result

of some Permo-Carboniferous hydrothermal activity related to the

Wamsutta volcanics.
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V. DISCUSSION

PETROLOGY AND GEOLOGY OF THE BLUE HILLS
PORPHYRY

The Blue Hills porphyry (BHP) is found to be a single unit despite
the large \textural variation. The texture varies from an aphanitic,
through a porphyritic, to a '"granitic' one. These varieties or facies
have already been noted by Crosby (1900), Warren (1913), and by
Chute (1940, 1969) but could not be shown on geological maps due to

their rapid variations.

The BHP is a shallow intrusion as is evident from the gradational
changes in texture resulting from variable cooling conditions and proxi-
mity to the margin. The presence of low pressure, high temperature,

. bipyramidal, quartz pseudomorphs, is another indication that the BHP

is a shallow intrusion.

A third indication of the proximity of the surface is the vertical
gradation of the texture, The BHP is aphanitic at elevated areas near
the contacts with the aporhyolite, which may or may not have been
preserved. It grades into a granite porphyry in the topographically

lower areas of some notches.

The BHP and Quincy granite (QG) have not been deeply eroded

because little QG or BHP detritus is seen in the Boston or Norfolk
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Basins (Crosby, 1900, p. 462; Pollard, 1965). The BHP has only re-

cently been unroofed. The outer margin of the BHP is indicated by
the fine-grained variety and is still evident on top of hills. This shows
that it is unlikely that the much discussed outcrop at the Route 128-28

intersection is a spheroidally weathered area.

)

Field investigations show that the QG is younger than the BHP, as
was previously determined by Crosby (1900), Warren (1913), and by

Chute (1940) (see Table 8).

Dikes, which intrude the BHP on Ch.ickatawbut and Kitchamakin
Hills, are believed to be a part of the QG. The QG is slightly chilled
against the BHP on Rattlesnake Hill, as shown by a slightly porphyritic
zone developed at the contact. The QG magma is chilled in other places

forming the fine-grained riebeckite granite.

Chute (1969) may have been influenced by Bottino's (1963a) isotopic
age dating and may have reinterp_reted his 1940 observations so that
they agree with the resultant ages (Chute, 1966, p. 92). The features
at some of the contacts in the Chickatawbut Hill area are indistinct, but
the size and shape of the granite bodies point to the conclusion that they

are dikes.
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From the first conclusion that the BHP is a single, albeit variable
* unit, and from the second conclusion that the BHP is older than the QG,
the Wones and Riley hypothesis that part of the BHP may be a Carboni-

ferous volcanic unit (as discussed in the Introduction), is precluded.

Al

The other major units in the Blue Hills area are believed to have
occurred in essentially the same order given by Chute (1969). At one
time, the AR was believed to have been the youngest of the units (Crosby,
1900), but Warren (1913) demonstrated that the BHP is indeed younger
than the AR. Most recent workers have agreed with Warren's inter-

pretation for reasons cited in Chapter II.

GEOCHEMICAL AFFINITY OF THE
BLUE HILLS PORPHYRY AND QUINCY GRANITE

The QG and BHP are related igneous intrusives, Previous investi-
gators have believed that the QG and BHP are comagmatic. They cite
similarities in major element chemistry, mineralogy, petrology, and
field relationships in support of their tenets. The BHP and QG have
the sa.fne type of feldspar, alkali hornblende, and pyroxene, as well as
the same trace minerals, astrophyllite and aenigmatite. The BHP and
QG have the same major element compositions; they both are low in Ca,

and have a similar agpaitic ratio.
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The unusually low Sc content (0.2 ppm) identical for both the
 BHP and QG strongly contrast with 1.3 to 3.3 ppm characteristic of
other alkali granites of eastern Massachusetts. The europium anoma-
lies, and the rare earth element abundances of both units normalized
against the.rare earth element abundance of chondrites, are nearly

identical.

Similar abundances of trace elements in both units offer strong

support to the long-held belief that the BHP and QG may be magma-

tically correlated.

RADIOGENIC AGES

Previous published isotopic age determinations show unusually
large scatter which are difficult to interpret. A single zircon age
of 422+ 16 MY to 437 +32 MY approximates the best age for the onset
of crystallization in the QG. The K-Ar ages determined correlate well
with the zircon age but might be slightly old due to inherited Ar. Itis

06

unlikely that the QG is younger than the U23’5/Pb2 of 413+ 8 MY.

The Rb-Sr ages determined for the QG are much younger than the
K-Ar and zircon ages. The Rb-Sr ages measured for the BHP (Bottino

and others, 1970 ; Zartman and Marvin, 1971), although within the
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stratigraphic limitations, are not compatible with the field relationships

presented in Chapter II, the K-Ar and zircon dates of Zartman and
Marvin (1971), or the results of Crosby (1900), of Warren (1913) and
Chute (1940). The Rb-Sr ages of the BHP afford no help in trying to

refine the age relationships within the BHIC or with its surroundings.

Because of the obviou.;% discrepancy between the Rb-Sr ages of the
BHP with the zircon and K-Ar ages of the QG, it must be concluded
that the Rb-Sr system of the BHP and QG has been open to post-
crystallization Sr migration. It is likely, then, that the Rb-Sr whole-
rock ages of the QG are also anomalous as the mineralogy, petrology,
and location of the QG are so similar to those of the BHP. This is
suggested by the scatter of Rb-Sr data for the QG and AR, and the

extremely high Sr of 0.725% 0. 006 for the ''cleaned'" QG isochron.

The disturbance of the Rb-Sr system is probably the result of a
variety of effects; a mechanism to preserve the apparent linearity of
the isochrons is described on page 79. Nonetheless, the effect of other
post-crystallization events might be superimposed on that of isochron

rotation,

\

The BHP and QG systems show the same disturbance mechanism.
‘ Hence, the mechanism operating in the BHP is probably similar to that

acting in the QG. The more pronounced disturbance on the Sr system
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in the BHP might be accounted for by the more limited presence in
the BHP than are in the QG of trace minerals (i.e., apatite, epidote,

monazite, allanite), capable of reabsorbing radiogenic Sr.

There is no basis, either field petrological, mineralogical, or
‘chemical, for separating a younger BHP from the main BHP. Never-
theless, an attempt was made to separate two isochrons from the
available isotopic data. The resulfcs of Rb-Sr isotopic age dating on
the BHP cannot be split to yield two ''clean' isochrons. No matter
how the data are manipulated, the ége always varies systematically
about 280 MY. This age is not recognized as belonging to any tectonic
or metamorphic event in the area and thus must be due to a partial

reequilibration at some younger period, or due to a continual Sr loss.
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APPENDIX A

SUMMARY OF PREVIOUS WORK
ON THE

BLUE HILLS IGNEOUS COMPLEX (BHIC)

A}

The purpose of this section is to review the evolution of the geo-
logical thoughts about the Blue Hills Igneous Complex (BHIC}, parti-
cularly the Blue Hills porphyry (BHP) since the first field studies made

by Crosby (1900).

Since eastern Massachusetts lacks fossil localities to cross-
correlate the stratigraphic column, the ages assigned to the individual
units depend largely upon complex arguments, based on subjective
interpretation of fiel‘d relationships. These correlations are sometimes
difficult to follow as they commonly include previously published in-
formation that has not been critically reviewed. Therefore, it has
proved necessary to document the evolution of ideas of earlier workers
and evaiuate the validity of current theories. Reference to Table 8 in

the following discussion may prove helpful.,

Nomenclature

The names are sometimes difficult to follow as they have evolved
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Complex by various geologists since Crosby.

00T

Comparison of geologic interpretations of the Blue Hills Igneous
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over the course of a century of study. For coherence, this author

has tried to adopt modern nomenclature, based on that of Chute (1940,
1966, 1969) and use this as consistently as possible throughout the text.
The original descriptive terminology is placed in quotation marks and

other names used, in parentheses; brackets indicate editorial inserts.

PREVIOUS WORKERS

W. O. Crosby

The earliest available work on the ]SHIC is that of Crosby (1900),
who first described and interpreted many of the critical outcrops.

Crosby recognized that the BHIC, composed of the Quincy granite
(QG), aporhyolite (AR) (Mattapan Volcanics), and Blue Hills por-
phyry (BHP) (Blue Hills Granite Porphyry), is younger than the middle-
Cambrian Braintree argillite and older than the Carboniferous Narra-
gansett sediments (Crosby and Barton, 1880).

From chemical analyses (Crosby, 1900, p. 362; Washington, 1896)
of the units in the BHIC, Crosby, among others, concluded that all of
the units were comagmatic with the surrounding plutons. Thus, the
rhombporphyry (RP) (Crosby's (1900) terminology '"basic quartz
porphyry'), Dedham granodiorite ""biotitic normal granite', Sharon
syenite '"diorite or basic granite' and Salem gabbrodiorite '"diorite or

granodiorite' were more basic than differentiates of the same magma
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from which the QG, BHP, AR and fine-grained riebeckite granite
(FGRG) were derived. Crosby (1900) noted the RP had thirteen per-
cent less SiO, than the other units and some of his units, including the
RP, were more calcic. He utilized these findings in his discussion of
the differentiation of the magma and never considered the possibility
of different parent magmas. (The BHIC and environs were considered
a classic example of magmatic differentiation by the nineteenth century
geologists).

Crosby's (1900) ideas were developed from observations of field

contacts. The following summarizes his field observations of contacts

of 'the units:

1) the QG "hornblendic normal granite' intrudes the Braintree
argillite at various localities (Crosby, p. 395);

2) QG contains a.rgillite inclusions (Crosby, p. 395);

3) QG contains FGRG inclusions (Crosby, p. 369);

4) QG contains RP inclusions (Crosby:, p. 367, 368, 370);

5) The BHP grades into fine granite and then to granite (Crosby,
p. 362, 365, 357-358, 366);

6) Fragments of porphyry are inclruded in the fine granite (Crosby,
p. 366, probably RP and FGRG, his descriptions are difficult

to interpret);



7)

8)

9)

10)

11)

12)

13)
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No macroscopic flow texture is evident along contacts of BHP
(he did note microscopic flow texture) (Crosby, p. 361);
"Fine-grained granite of intrusive character passes into
microgranite then quartz porphyry (BHP) .... occurs as dikes
cutting through the normal granite both hornblendic (QG) and
biotitic'" (Crosby, p. 347). Another source of misunderstanding
is that Crosby has three aporhyolites, three quartz porphyries,
and two fine-grained granites. Here he is referring to an acid
fine-grained granite younger than the QG);
FGRG occurs as a contact zone of QG and is older and more
basic (Crosby, p. 347). This is no doubt the FGRG which occurs
as xenoliths in item 3 and is not the fine-grained granite in item
8 because the fine-grained granite in item 8 is younger than the
QG and the fine-grained granite in item 3 is older than the QG;
FGRG con.tinues as a persistent zone between QG and BHP
(Crosby, p. 350);
Generally the AR is absent in the QG and BHP;
The BHP occurs as boulders in the basal conglomerate of the
Carboniferous;
The contact of the BHP and QG is not exposed on Pine Hill

(Crosby, p. 380);



14)

15)

16)

17)

18)

19)
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An apophysis of AR seems to intrude the BHP (Crosby, p. 382
on Pine Hill); |
AR (felsite) is nowhere found in contact with the QG (Crosby, p. 386);
A continuous band of subacid porphyry (BHP? ) separates the AR
and QG (Crosby, p. 382);
""A large part of the area mapped as quartz porphyry .... is a
blending patchwork of aporhyolite porphyry (BHP) and gra-ite
porphyry' (p. 367). Note: According to Moor house (1959 ),
the older usage of quartz-pérphyry meant a metamorphosed felsite
orthyolite and Crosby (p. 357) states that he uses quartz-porphyry
rather than porphyritic aporhyolite. ;
The mottled porphyry "remarkable uniformity of material - only
variation noted consists of two angular inclusions of red jasper or
fine quartzite' (p. 474);
Crc.)sby noted that the quartz-porphyry is not a later intrusion of
surface flow over the granite because (1) the porphyry gradually
passes into granite; (2) inclusions of fragments of porphyry in
fine granite fine granite is the border phase of the QG ; and
(3) the entire absence of flow structure in the porphyry

(Crosby, p. 366).
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Crosby's initial assumptions were that all the igneous bodies
were comagmatic and the Braintree argillite occurs as roof pendants
in the batholith. His theory needed a thick sequence of sediments in
place. Convection currents would homogenize the magma, and upon
cooling it‘would differentiate into the variety of igneous rocks now
exposed. Because of the thick sequence of sediments he needed, he

thought the BHIC was late Devonian or early Carboniferous. His

ages for the rocks from the youngest to the oldest are as follows:

Triassic Later trap dikes

Pennsylvanian Wamsutta Formation
Pondville conglomerate
(basal giant conglomerate)

Carboniferous Period of deep erosion
forming the ''spheroidal'' zone

Late Devonian or Aporhyolite
“early Carboniferous Quincy granite
Fine-grained riebeckite
Granite
Blue Hills porphyry
rhombporphyry
Devonian Thick deposits of sediments
Silurian } now eroded (Crosby, p. 390)
Ordovician
Post-Braintree Older trap dikes
Pre-Quincy

Middle-Cambrian Braintree argillite
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G. F. Loughlin

Loughlin (1911) briefly summarized the geology of the area., He
incorporated recent work of others,i.e., he reported Clapp (1910)
showed that the alkali granite series is distinctly younger than the
"'biotite ‘granite“ of the Boston area.

Loughlin said geologists believed the Boston and Norfolk Basins
were contemporaneous and younger than the QG, but no QG has been
found in either basin. He noted Mansfield's (1906) failure to identify
BHIC rocks in the PC or Roxbury conglomerate. ILoughlin undertook
a petrographic study and confirmed the existence of '"Quincy type
granite porphyry' (BHP) in the basal conglomerate of the PC
(Loughlin, p. 240).

He also described the contact of the northern boundary fault of
the Quincy block from a newly exposed roadcut.

The only c.hange from Crosby's ideas Loughlin made was to

separate the biotite granites from the hornblende granites (BHIC).

C. H, Warren

Warren (1913) published a petrographic and chemical study of
the BHIC. He had done field work under Crosby's supervision.

Warren clarified some of Crosby's terminology and redefined the units,
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APORHYOLITE - Crosby's aporhyolite units were numerous
and included some of the BHP. Warren classified Crosby's termino-
logy and defined the unit we now call AR.

RHOMBPORPHYRY - Warren distinguished the RP as being
distinct from the porphyritic QG and the BHP.

QUINCY GRANITE - Warren (1913, p. 224, 214) described four
variations in the QG and noticed a protoclastic structure of the QG.
He also noticed an inconspicous porphyritic border of the QG (p. 207).

BLUE HILLS PORPHYRY - Warren.(l9l3) described the BHP in
detail, both in the field and under the microscope. His work should
_be referred to for petrographic descriptions { p. 243, 249).

Warren broke the BHP into two distinct,major types: (1) granite

| porphyry, and (2) quartz-feldspar porphyry, and several lesser
varieties. He could not map them separately due to transitions of one
into the other, to their irregular distribution and only minor textural
differences hidden by heavy lichen cover.

GRANITE PORPHYRY - Warre;n (1913, pp. 238, 240) considered
the granite porphyry the most important rock in areal distribution and
volume. He said it is holocrystalline, resembling a fine-grained granite
for which it is usually mistaken. It has abundant phenocrysts of alkali
feldspar and quartz embeeded in a finely granular groundmass with

numerous irregular specks of black mineral. Feldspar phenocrysts
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outnumber the rounded, smaller quartz.

QUARTZ-FELDSPAR PORPHYRY - According to Warren (1913,
© p.240) the granite porphyry grades into quar4tz -feldspar porphyry of
lesser areal extent. Warren describes the quartz-feldspar porphyry
as having a groundmass which is a little finer, darker and more varied
in color th:an the granite porphyry groundmass. A dark mineral
(riebeckite-arfvedsonite? ) is distributed about the groundmass making
it quite dense in appearance. This grades into a phase with a truly
dense groundmass (p. 240). The phenocrysts are less abundant and
quartz forms rounder and more prorniner;t grains than in the granite
porphyry.

Warren (1913, p. 240) said the quartz-feldspar porphyry is a unit
of ""heterogeneous structure' which occurs in blotches and streaks and
the arrangement of the "'streaks and fragments show a pronounced flow
structure''. It resembles a breccia or tuff with contact features even
in areas of the Blue Hills not near a contact (pp. 239-240). He be-
lieved '"'that the contacts were at most only a short distance from the
present surfaces of the rocks as now exposed, and that erosion has
removed very little of the intrusive rock, a point that seems to be en-
tirely borne out by the notable scarcity of rocks of the alkaline type in '
the conglomerate ... of later age' (p. 240).

Warren (1913, p. 258) said the streaked porphyry is not due entire-

ly to weathering, as was supposed by Crosby , since it is not homo-
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geneous to start with. Warren noticed flow structure in the BHP

parallel to the contact with the AR.

BLUE HILLS PORPHYRY CONTACT FEATURES - Warren (1913,
p. 225) found a sharp contact of BHP with QG on Rattlesnake Hill, He
could not find the gradational contact between the QG and BHP noticed
by Crosby (1900, p. 365) in the notches just east of Chickatawbut Hill
but did find '"numerous sharp contacts', which he believed were QG
dikes in the BHP.

On Pine Hill, Warren (1913, p. 259) noticed a gradation between
the BHP and a granite he believed to be the QG. Warren (p. 255) said
"a characteristic of the porphyry (BHP) near the contact is the presence
of what looks like inclusions or of streaks and spots of different color
and texture from the matrix. ... Some of the streaks show evidence
of much recrystallization, and seem to be drawn out and recrystallized
fragments!., ""The porphyry of the contact zone may ... be regarded
as possessing a somewhat modified taxitic structure' (p. 256).

Warren (1913, p. 241) noticedchilled features of the BHP against
the AR. The '"immediate contact ... is a dense quartz-porphyry type'.
Paraphrasing Warren (1913, pp. 253-255), the amount of matrix in the
BHP increases and the quartz and feldspar phenocrysts decrease. The
matrix becomes finer, almost isotropic, and the feldspar less albitized.
Quartz, some showing a dihexahedral habit, increases relative to feld-

spar.
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Warren (1913, p. 256) said:

"In fact, it is often impossible without microscopic preparations
to tell when one is dealing with the aporhyolite and when with the
porphyry. The similarity is increased by the fact that the porphyry
at the contact, here as elsewhere, is much brecciated, giving rise
not only to the appearance of flow structure but also to that of
small apophyses of dense material running into the porphyry, and
these might easily be mistaken for apophyses of the aporhyolite
cutting the porphyry. Such they were supposed to be by Crosby. "
Footnote: '""To illustrate how natural was this mistake regarding
the nature of this contact the writer may say that he collected
several suites of specimens illustrating as he supposed the succes-
sion of types across the contact, only to find, when they were
sectioned, that they were all of the porphyry and that the apo-

rhyolite had not been reached'.

SUMMARY OF WARREN'S WORK - Warren's major disagreement
with Crosby was finding that the AR is older than the BHP. Warren
described the BHP in great detail and believed it is a slightly older
member of the same magma from which QG crystallized. He noticed
no xenoliths of one in the other. He discovered a previously unknown
sharp contact on Rattlesnake Hill, and a sharp contact between the BHP

and what he believed to be a QG dike where Crosby (1900) had seen a



gradational contact. He said that the QG develops a porphyritic 111
texture near its border, and he also noticed gradational features

between the QG and BHP on Pine Hill.

B. K. Emerson

Emerson (1917) summarized the geology of Massachusetts and
Rhode Island. His work gives us a datum of what geologists then
believed.

The QG, BHP, and AR were all assumed to be related. The BHIC
was younger than the middle-Cambrian Braintree argillite and older
than the Pennsylvanian PC. It was also considered younger than the
"Devonian'' Dedham granodiorite because the BHIC related volcanics
were extruded on the Dedham in several localities.

Emerson (1917, p. 194) assigned the AR to the Mattapan volcanic
complex because of the following reasoning: "It [the AR] is assigned to
the Mattpan vol.canic complex because it was first regarded as probably
effusive and younger than the Blue Hill granite porphyry (BHP), but
Warren has since shown rather convincingly that it is more probably
older than the porphyry, but comagmatic with it and probably a remnant
of the outermost shell and first-cooled part of the invading magma. "

The Mattapan is ''the floor upon which a considerable part of the

sedimentary rocks of the [ Boston] basin was deposited" (Emerson,

p. 186).
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The only fossils found in the Roxbury conglomerate were "a few

obscure tree trunks, possibly Cordiates' (Emerson, p. 58). '"The age
of the beds is assumed from what appear to be the most reasonable
correlations with the formations of the Narragansett Basin'' (Emerson,
p. 58). Thus, Emerson (1917, p. 202) correlated the volcanics of the
Narragansett Basin, which are intercalated in the Carboniferous Wamsut-
ta formation, with the Mattapan volcanics. According to Emerson (1917),
the Newbury volcanic complex was originally correlated with the Matta-
pan and Lynn volcanics. However, because Silurian or Devonian fossils
were found in the Newbury volcanic complex, Emerson (1917, p. 164)
preferred not to correlate the Newbury with the Mattapan but chose to
believe the Mattapan volcanics are contemporaneous with the Carboni-
ferous Wamsutta voncanics. His reason for deciding that the Mattapan
volcanics are Carboniferous, is that they could be the Boston Basin
analogue to the interstratified basalt and rhyolite in the Carboniferous
Wamsutta formation (Emerson, p. 202). Emerson (1917, p. .186) be-
lieved "Carboniferous time was another period of eruptive activity.
These rocks are characterized by being more alkali, rich in sodium...
They are in part older than the Carboniferous strata and part inbedded
~with them'’.

Emerson (1917) separ;ated the Siluro-Devonian Newbury volcanics

from the "Carboniferous' Mattapan and Lynn, placing them with the QG —~

#

and related rocks in the Carboniferous era.



M. P. Billings

Billings (1929) Wr‘ote an article on the structural geology of the
Boston Basin. In his article he stated the Mattapan volcanics were
probably Pennsylvanian and the "Quincy batholith'" or BHIC, including
the AR, was probably Devonian in age (Billings, p. 102). Billings
‘(1929, p- 103)''restricts the term Mattapan to the group of volcanics
* which underlie the Roxbury conglomerate... but which rest on the
eroded surface of the Dedham granodiorite and contain pebbles of it''.
He considered these Mattapan volcanics to be Pennsylvanianand he did
not group the AR and Mattapan as one unit. Billings (1929, p. 106)
correlated the Roxbury conglomerate with the Dighton conglomerate
of the Narragansett Basin, thus giving a late Pennsylvanian or early

Permian age to the Roxbury conglomerate.

L. LaForge

LaForge (1932, p. 28) divided the igneous rocks into two general
groups: one, the older - chiefly volcanics of the Lynn, Newbury and
Mattapan complexes; the other, somewhat younger - Quincy related
rocks. LaForge called the Mattapan volcanics Silurian or Devonian

and correlated them with the Newbury. The Lynn and Mattapan were
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presumed to be of equal age as they are deposited on identical terrain.

The field appearance, mineralogy, degree of alteration, lithological

types and chemical similarities indicate they belong to the same
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volcanic cycle. The Newbury was correlated with the Lynn on
structure, geography and field appearance. ILaForge did not correlate
the Mattapan volcanism with that in the Wamsutta Formation (LaForge,
p. 29).

LaForge (1932, p. 33) treated the Brighton melphyre as a separate,
younger intrusion from the Siluro-Devonian Mattapan. He did not like
a Permian age for the Roxbury and placed it,with its interbedded
Brighton volcanics, in the late Devonian.

LaForge (p. 35) believed the BHIC was either Devonian or early
Carboniferous and was ''the final stage of a Devonian igneous cycle of
which the volcanic [Newbury, Lynn, and Mattapanl eruptions were

the initial stages''.

K. G. Bell

Bell (1948) called the QG lower Devonian based on its consangui-
nity with the I;/Iattapan volcanics. He correlated the Mattapan and the
Lynn; the Lynn with the Newbury volcanics with its interbedded lower
Devonian fossils.

He did not correlate the basalt and rhyolite flows in the Narra-
gansett and Norfolk Basins with similar flows in the Boston Basin. He
called the Roxbury Devonian, partially based on the fossils of question-
able (but possible) Devonian age, and partially because it was deposited

upon a basement of lower Devonian volcanics (i.e., Mattapan-Lynn-
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Newbury).

Bell (1948) stated the Dedham granodiorite had to be at least as
old as early Devonian or late Silurian, as it had a deeply weathered
fossil soil developed on it before the Mattapan volcanics were deposited

in lower Devonian time.

Al

N. E. Chute

BLUE HILLS PORPHYRY-QUINCY GRANITE RELATIONS-1940 -
Chute mapped the Blue Hills Quadrangle for the U, S. Geological Survey
in the late 1930's and published a preliminary report in 1940 (Chute,
1940, p. 12). Chute reported two dikes of QG which cut the BHP (Chute,
1940, pp. 11-12). He said the QG is younger than the BHP but that the
two are related.

He quotes his Devonian or lower Carboniferous age for the BHIC
from LaForge. Chute upheld Warren's conclusions that the AR is the
oldest unit as ile found "numerous inclusions along the AR contact
with the BHP on the northwest side of Hemenway Hill that appear to
be fragments of the aporhyolite' (Chute, 1940, p. 14). He also reported
that ""On Pine Hill, the fine-grained granite [ FGRG?] appears to grade
into granite porphyry BHP; and therefore may be regarded as another,
contact facies of the Quincy granite' (Chute, 1940, p. 13).

QUINCY GRANITE-BLUE HILLS PORPHYRY RELATIONSHIPS -

1969 - Chute's (1969) final quadrangle map stated that there was 'new
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evidence'' favoring the interpretation that the QG was older than the

BHP. Chute reported that he had seen large irregular inclusions of
QG in the BHP -- not dikes as previously reported.

From the localities noted on Chute's 1969 bedrock map of the
Blue Hills Quadrangle, these 'large inclusions! were what Warren

called ''dikes' and Crosby interpreted as '""Quincy granite'' grading

into BHP.

CONCLUSIONS ,

The previous workers have all agreed that the AR, QG, and BHP
‘are related and have called them the BHIC. The absolute age of the
BHIC has changed considerably, but it remains between middle-
Cambrian and upper Carboniferous. The age can be readily shifted
up and down within this slot and still fit the relationships.

Although t.he relationships ofthe BHP and QG are non-conclusive,
Crosby (1900), Warren (1913), and Chute (1940) believed the BHP was
slightly older but contemporaneous with the QG. Chute (1969) reversed
this for reasons not clearly stated, allowing the BHP to assume any age
between the Quincy and Pondville. The AR has been established as

being older than both units. The relationship of the AR to the Mattapan

volcanics is not certain. The volcanics of the area have been and can

be variously correlated depending on what age they need to be to fit

various hypotheses.
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APPENDIX B

BLUE HILLS PORPHYRY
AND

Y

PONDVILLE CONGLOMERATE CONTACT

This appendix describes in detail the units present along the
southern margin of the Blue Hills porphyry (BHP). The section showing
the best exposed relationships of the units occurs on the northern side
of the Route 128-28 overleaf. Figure 19, a projection of this outcrop,
accompanies this appendix and is referred to in the text.

As is shown in Figure 19, the outcrop is divided into three zones:
the BHP on the north, the ''spheroidal' zone, and the Pondville con-
glomerate (PC) on the south. The '"spheroidal' zone separates the two

distinctive rock types and will be dealt with later.

A. BLUE HILLS PORPHYRY

A.1 Type Locality

The BHP type locality is on the southeast flank of Rattlesnake Hill,
The BHP here is holocrystalline, light-bluish grey with phenocrysts o}.'
microperthite and quartz in a fine-grained hypidiomorphic matrix.
Poikiolitic riebeckite-arfvedsonite, and aegirine also occur. The feld-

spars are euhedral to subhedral and are generally more abundant and
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and larger than the rounded quartz phenocrysts.

A.2 Route 128-Route 28 Roadcut

On the northernmost part of the roadcut at Routes 128-28 (not shown
on Figure.l9) the BHP is a dark-bluish purple. Riebeckite is developed
along joints and weathers to a rust color. En echelon quartz stringers
are evident,

The groundmass is a dark, dense aphanitic purple. The purple
color probably results from disseminated hematite in the quartz and
feldspar matrix. Dark purple, cloudy, subhedral microperthite pheno-
crysts with a cock's comb fracture are more abundant and larger than
the clear, rounded dihexahedral, embayed quartz phenocrysts. The
quartz shows undulatory extinction. The feldspars are sericitized and
contain minute crystallites of a mafic mineral, probably alkali horn-
blende or aegil:ine. Sericite and muscovite together constitute about
five percent of the rock. Trace amounts of brown amphibole and pyroxene
are present but are not as abundant as at the type locality. Astrophyl-
lite is present in trace amounts.

Position A: [granite porphyry of Warren, 1912] The quartz pheno-
crysts are more abundant here, the microperthite phenocrysts are less
prominent. At Position A, the éroundmass is quite dense, and the rock
shows evidence of shearing and low grade (chlorite) metamorphism.

This shearing, as well as low grade metamorphism,occur elsewhere in
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the Blue Hills. This rock has a granophyric groundmass with the feld-

spars totally altered to sericite. This is probably similar to the paisan-
ite of Warren (1913, p. 242). Trace amounts of brown pyroxene and horn-
blende are present. Magnetite, leucoxene and hematite are present as
alteration products.

Position B: Further south at Position B, the feldspars have almost
regained their former predominance. The quartz phenocrysts are
slightly larger but less abundant. Riebeckite (as an alteration product)
has formed along the joints but in the groundmass seems to be altering
to limonite.

Position C: Two prominent fractures occur at Position C. The
rock is slightly sheared in between them. Areas of hematized rock
seem to characterize the rock for approximately one meter about
Position C. The hematite veins or zones appear as though they are
crossbedded..

Position D; Further south along the roadcut, the hematite veins
diappear. Approximately eight meters south of Position C, at Position
D, is the ledge from which INAA sample 73-4-1 was taken. This rock
is described in Chapter IV [uartz-feldspar porphyry of Warren, 1913] .
It is predominantly a light-purplish grey with a greenish -hue. The
quartz is conspicuous, occurring in grains up to 4 mm in diameter. The

quartz has an equidimensional, dihexahedral habit, embayed and rounded.
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The feldspars are smaller and far less numerous than in most of

the BHP. They occur as if they are ''skeletonized'. Part of the feld-
spars are missing, leaving voids, and the remainder appears as a
"honeycombed! structure. From thin section observations, some of
these voids are occupied by calcite, the remaining feldspar is albite.
The grou;dmass is granophyric, a micrographic quartz-feldspar inter-
growth with the feldspar totally altered to sericite., The groundmass has
very fine-grained leucoxene and hematite dust (see page 48for a more
detailed petrographic description).

Leaving Position D and continuing toward the contact of the
"spheroidal' zone and the BHP, the BHP remains light purplish-grey
with prominent quartz phenocrysts and an aphanitic matrix. Feldspar
phenocrysts are small and are barely recognizable in hand-specimens.

Position E: A metamorphosed hematite and clay clastic dike fills
in a fracture three meters about the base of the outcrop at Position E.
It begins abruptly below the ""'spheroidal’ zone and dips ﬁorth for about
2.5 meters before it pinches out along with the fracture it fills.

Pyrolusite is developed along some of the joint surfaces giving the
rock a blocky outline. The pyrolusite staining seems to derive from the
joints but it appears on flat surfaces as well., It is inferred to be t.he

lowest part of the ""'spheroidally weathered' zone by those who prefer

this hypothesis.
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The BHP is generally massive with few joints, and it weathers to

a light green or buff color. The contact between the ''spheroidal' zone
and the BHP occurs diagonally across the surface projected onto the
figure. Below the contact, the BHP is a light green with pyrolusite
staining. Above the contact, the "spheroidal' zone has both light green
and red units and the pyrolusite staining is not developed. The ''spher-

oidal' zone will be dealt with later in greater detail.

B. PONDVILLE CONGLOMERATE

The Pondville conglomerate (PC) crops out along the southern
border of the Blue Hills for over six kilometers. It varies in thickness
from an estimated 160 meters at the intersection of Routes 128 and 28
to about 500 meters further west at its maximum width (Chute, 1969).

It contains rounded clasts up to 1.3 meters in diameter. The largest
boulders are composed of a fine-grained pinkish-purple to green rie-
beckite granite (F's in Figure 19), probably the same fine-grained rie-
beckite granite (FGRG) occurring as xenoliths in the QG. The majority
of the cobble-sized clasts are white, buff, pink or green rhyolite. Some
angular rhyolite fragments occur as well as the rounded ones. Other
cobbles include dark shale, grey quartzite, and near the base of the
formation a few scarce boulders of a purplish-grey porphyritic rock with

quartz stringers. The porphyry boulders have a greenish rim with a
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purple interior and are probably BHP.

The matrix shows some stratification indicating the rocks dip near-
ly vertically. The elongated clasts were deposited with their long axes
parallel to the stratification. They generally rest on each other with
matrix filling in the voids.

No Q(; has ever been observed in the PC. The BHP clasts are not

present above the base of the PC. The PC has been searched for clasts

that might be derived from the "'spheroidal' zone but none were found.

B.1l Matrix of the Pondville Conglomerate

The matrix of the PC is generally a light-greenish grey or reddish
arkose that grades into a shale. The red coloring is due to hematite,
and the greenish-grey to leucoxene. The arkose is very indurated, poor-
"ly sorted and contains angular lithic fragments generally of rhyolite.
The matrix contains quartz, feldspar, some clay mineral, and a carbon-

ate.

Layering is evident in both hand-specimen and thin section. The
quartz-feldspar matrix is coarser than the matrix in the BHP or ""spher-
oidal' zone. The matrix of the PC is characterized by rounded equant
quartz and feldspar grains, somewhat sutured, and containing an appre-
ciable amount of sericite in the matrix,

Fractures and joints pass around the clasts through the matrix and

do not pass through the clasts. This is a significant feature of the PC
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which does not occur in the "spheroidal' zone.

B.2 Contact with the Wamsutta Formation

The contact between the PC and the Wamsutta Formation lying
directly above it is gradational. The clasts in the PC become progres-
sively smaller and rarer toward the top of the PC, and the beds of shale

become progressively thicker and more numerous.

B.3 Contact with the '"Spheroidal' Zone

The contact between the PC and the underlying "spheroidal'' zone
is abrupt. Itis outlined on Figure 19. It angles across the plane of
Figure 19. The contact between the PC and the ""spheroidal' zone is
placed at the point where the aphanitic matrix of the "spheroidal! zone
disappears and lithic fragments and sand occur in the matrix, The
matrix of the PC has an heterogeneous composition with angular lithic
fragments. It is distinguishable by the naked eye from the even-textured
matrix of the '"spheroidal' zone. The contact also corresponds to where
the clasts are distinct from the matrix and ""pop out" on the weathered
surface of the conglomerate. In the "spheroidal' zone the clasts are as

well indurated as the matrix and do not "pop out'.

C."SPHEROIDAL" ZONE
This zone has initiated many discussions as to the mode of its origin.

The favored hypothesis is, that it is an ancient soil formed upon the BHP
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-(Warren, 1913; Crosby, 1900; Chute, 1940, 1964, 1966, 1969). A

second hypothesis has been recently espoused by Wones and Riley
(personal communication) stating that the zone is an agglomerate either
related to the BHP, or a non-related post-BHP agglomerate of Carbon-
iferous age that is interstratified with the basal member of the PC.
Other hypotheses include (1) the BHP was intruded into the PC
and, therefore, would be late Carboniferous in age, (2) a porphyry sill
intruded along the BHP and PC unconformity. These hypotheses were
discredited (deBruynkop, 1968; Nichols, 1968).
The characteristics of the two models hypothesized for the origin
of this unit are described below, in order that definitive characteristics

of the two hypothesized modes of formation may be recognized.

C.1 Characteristics of Pyroclastic Units

The characteristics of a pyroclastic deposit are many, depending
on the composition of the materig.l, the manner of deposition, the nature
of the vent material and country rock, the amount of volatiles in the
parent magma, etc. They can be layered or unlayered, sorted or
unsorted, composed of one rock type or of many. The volume of the
deposit can vary widely; the oxidation state of the iron can vary as well

as the habit and abundance of phenocrysts {Ross and Smith, 1961;

Smith, 1960).
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C.2 Characteristics of Fossil Soil Horizons

A characteristic of saprolites, noted by Ollier's (1969) book on
rock weathering, is that they are commonly enriched in SiOp, Ni, Co,
Cu, and Fe and Mn-oxides. In known fossil soil zones, spheroids are
largers, lxess altered, and more angular near bedrock. In the upper
portions of the mantle, the spheroids appear further apart, dc not rest
on one another and are more rounded. Regular spacing and distribution
are characteristic of this type of unit but may not necessarily be present
(C. A. Kaye, personal communication). .In spheroidally weathered
terrain, the spheroids fade out and disappear in the proximity of sound
bedrock.

In some cases, spheroids are ''case-hardened'. A more resistant,
siliceous /rim forms around the spheroids and the interior becomes more
weathered than the rim. The conditions under which this occurs are

not well known."

C.3 General Description of the ""Spheroidal'' Zone

This zone is 11 meters wide and contains elements common to both
the PC and BHP. It has a remarkable structure with spheroid-shaped
bodies of various sizes and little orientation that resemble a conglome- ‘
rate. However, the entire zone, matrix and spheroid, is composed of a
porphyry unit that looks like the BHP. The ''spheroidal' zone is probab-

ly some type of igenous extrusive deposit of granitic composition.
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The ""spheroidal'' zone is remarkably uniform in lithology. No

xenoliths were found. The porphyry in the unit varies only in the size
and abundance of feldspar phenocrysts and in the amount and distri-
bution of the alteration products -- hematite and leucoxene.

The ['spheroids' are green porphyry, with feldspar and quartz
phenocrysts, surrounded by a matrix of reddish-purple porphyry, with
feldspar and quartz phenocrysts. The greenish color is due to leuco-
xene, and the reddish color to hematite disseminated throughout the
matrix, No augite or riebeckite-arfvedsonite is seen in either matrix
or ''spheroids'. Magnetite is altered to hematite in the majority of the
rock,

The rock in this zone can be broken into four types:

Type One: A purplish-red aphanitic rock resembling an ash

which only occurs in the matrix;

Type Two: A purplish-red aphanitic rock with quartz pheno-
crysts generally in layers resembling an ash fall
which occurs in the matrix;

Type Three: An aphanitic quartz porphyry. This is an extremely
fine-grained rock with a matrix of guartz and feldspar.
and rounded, bipyramidal quartz phenocrysts. The
matrix is sprinkled with hematite or leucoxene dust.
This appears to be a chilled margin of Type Four;

Type Four: Quartz-feldspar porphyry. This is a fine-grained
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quartz-feldspar rock with highly broken and fractured

albitized feldspars and quartz fragments. Type Four
can be red or green and occurs both as matrix and as

"spheroid!,
»

None of the above four types corresponds to the BHP from the
type locality., Types Three and Four are found elsewhere in the Blue
Hills and are not just local varieties., They appear to be Warren's (1913)
quartz-feldspar porphyry. Types One and Two have only been found at
this roadcut.

Near the top of the roadcut at Position G, there is a definite contact
Between the BHP and the '"'spheroidal'' zone. Here, the ''spheroidal®
zone gives the distinct impression of being pyroclastic because of its
blotchy, streaked appearance caused by elongated, stretched masses of
quartz-feldspar-{Type Four) porphyry in a matrix of Type One. Upon
closer inspection, gradational features at the contact between the
""'spheroidal! zone and the underlying BHP are not as dominant as the

sharp features,

C.4 Matrix of the "Spheroidal'' Zone

The matrix material seems to occur in one of two textures: an
aphanitic ash-like unit (Types One and Two) or a porphyritic grano-

phyric texture (Types Three and Four).
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Types One and Two: This fine-grained matrix can either
be free of quartz phenocrysts (I'ype One), or it can contain a few percent
of these phenocrysts, both euhedral and broken (Type Two). Zones of
quartz-free aphanitic red matrix (Type One) are interbedded with an
aphanitic matrix with numerous quartz phenocrysts (Type Two). If the
matrix does contain quartz phenocrysts, they generally occur in a

layered fashion, but they also occur randomly. The quartz phenocrysts

are usually equidimensional, bipyramidal, rounded and embayed.

Type Three: Type Three matrix is porphyritic and was em-
placed in a liquid state, Its groundmass is aphanitic, either greenish
(leucoxene present in larger amounts than hematite), or reddish (hema-
tite more predominant than leucoxene). Type Three has large quartz
phenocrysts up to 5 mm in diameter, of dihexahedral shape, but
embayed and rounded. The smaller quartz phenocrysts are often broken,
rounded and/or embayed. Type Three is not as abundant as Types One

or Four. It appears to be a chilled Type Four.

Type Four: This porphyry has the same quartz phenocrysts
characteristics of Type Three. The distinctive feature of Type Four is
the badly altered, brokenperthitic feldspars albitized along fractures.
These range in size from minute broken fragments up to fractured and

albitized perthites larger than the quartz phenocrysts. The feldspars
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occur locally in the ''skeletonized' or "honey-combed' fashion described

on pagel2l,
One to two percent carbonate is found in Type Four porphyry of
the matrix of the "spheroidal' zone at two localities 2,.6 km apart, sug-

gesting that perhaps the whole zone was subaqueously emplaced.

C.5 General Characteristics

Equidimensional, dihexahedral quartz phenocrysts are ubiquitous,
occurring in varying percentages. In Type Three 'spheroids', quartz
occurs as the most abundant phenocryst with broken feldspar crystals of
minor importance.

A diligent search was made for any structures which might pass
through the matrix and "spheroids'' alike, but no such structure was found.

Type Two matrix shows no evidence of the quartz phenocryst layers
passing through the "spheroids', and in areas the phenocryst layers are
not even continuous on the other side of the !""spheroids!, Type Two
generaliy does not occur in the vicinity of the '"spheroids'' but occurs
more often in areas barren of "spheroids' and showing a more homo-
geneous, massive, aphanitic texture,

In the "spheroidal' zone composed of Types Three and Four, the
matrix and "spheroids' generally grade into each other, the only differ-

ence being in color., Upon close inspection, some of the Type Four
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matrix contains angular or rounded"micro-spheroids'' of varying
colors bounded by minute amounts of Type Three. Because TypesThree
and Four are gradational, the boundary between them is not definable

making it difficult to notice some of the ''spheroids!''.

C.6 "Spheroids'

The majority of the "spheroids' are a greyish-green Type Three
or Four porphyry. Types One and Two do not occur as ''spheroids',
probably because they are recrystallized ash and would not have formed
blocks prior to the deposition of this uni‘t. The most abundant
"spheroids! are Type Four with feldspar phenocrysts which are larger
and more abundant than the quartz phenocrysts. All the feldspar
occurs as perthite, some of it in the "honey-combed' manner already
described, others as normal perthite., The feldspars are generally
broken and albitized. ''Spheroids' adjacent to Types One and Two
have a definite contact.

Other "spheroids', such as I and J,are clearly distinguishable
from afar. They are yellow, deeply weathered centers which grade
outward into a greenish less weathered rim. No specimen of this
type could be inspected under the microscope due to the location and
attitude of this type of '"spheroid!, but it appears to be badly altered
Type Four porphyry.

These altered "'spheroids' (I and J) do not occur in layers but are
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randomly scattered. The greenish rim appears to grade into the red

matrix with little suggestion of a boundary. Iand J do not seem to be
a different rock type than the surrounding Type Four "spheroids');

however, they do appear more altered.

C.7 General Features

There does not appear to be any pattern associated with the
""spheroidal'' zone that might be related to a fracture system. No
gradation in size of the ''spheroids' from the top of the zone to the
bottom of the zone occurs. The shape of the '"spheroids!' may vary
somewhat, however, round ''spheroids' occur both near the top of the
unit and near the bottom. Angular "spheroids' do not appear to be as
common near the top of the unit, but this may be deceiving because
more frequent and thicker beds of Types One and Two matrix occur.

The majority of medium and large sized ''spheroids' are sub-
rounded, but between such "spheroids'' are subangular blocky ''spheroids!
The majority of these large ”spheroids“ are Type Four and can have
Type Three or Type Four matrix in between. Type Two and One matrix
appear more often as units by themselves, such as at Positions H and K.

Joints cut across the "spheroids' and matrix alike, although a few
"spheroids' seem to have cracks rimming them. Joints cutting across
the two colors or four porphyry types are more frequent than joints

separating them.
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The '"'spheroids' tend to be subangular in shape, some are ellipti-
cal, others are trapezehedral or flat-iron shaped. ''Spheroids'' almost
half a meter in diameter occur which are quite rounded. Angular ones
occur both in centimeter size as well as ones close to half a meter long.

There is some evidence of flow structure in the ""spheroidal'' zone
(at Position G). Faint stratification or layering appears in the matrix
and is especially evident in the area under the large overhanging block
of PC near Position H.

Only rarely do ''spheroids' actually rest on one another. There is
usually some matrix present between the '"spheroids'’. Locally the
unit is eutaxitic. It isgreaked and blotchy with bands not only of leuco-
xene or hematite-rich matrix, but it also contains some small micro-
xenoliths of a fine-grained recrystallized ash or rhyolite (Type One or
Two). Under the microscope, these recrystallized fragments have a
coarser texture, interlocking equidimensional feldspar and quartz
crystals, The matrix of the eutaxitic rock appears streaky and dirty
with no well defined crystals.

No glass shards were recognized. Microxenoliths (Type One or
Two) of either recrystallized tuff or ash fall origin were recognized.

Spherulites are absent from the zone.
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D. DISCUSSION

The microxenoliths, quartz fragments and embayed, rounded
quartz phenocrysts, as well as the eutaxitic structures, indicate some
type of pyroclastic material.

The BHP below the '"spheroidal'' zone has abundant hematite and
pyrolusite (a Mn-oxide) staining. Quartz, a detrital mineral, is
present in the '"spheroidal' zone matrix (Type Three) when feldspar is
not. The groundmass (all types) is so fine-grained that it is difficult
to determine what minerals do occur. There are abundant clay
minerals, hematite, and sericite. The abundance of Ni, Co, and Cu
was not determined. The possibility that some of the Type Four
"'spheroids' with yellow interiors and less weathered borders could be
the result of a ""case-hardening' phenomena was also examined. How-
ever, no outsta.nding weathering features were found, and this possibi-

lity was eliminated.

CONCLUSION

The contact of the "spheroidal' zone with the overlying PC is sedi-
mentary. The features found in the "spheroidal'' zone, as well as the
PC-BHP contact, are not truly distinctive. Not all characteristics of
an agglomerate are present in the '"spheroidal' zone. There is no

evidence of xenoliths, spherulites, .or glass.



135

There are some clues, howe ver, as to the nature of the unit.

The base of the "spheroidal' zone is probably sharper and more easily
defined than a BHP- fossil soil contact would be. The presence in the
outcrop of microxenoliths, fragmental quartz, and the high temperature/
low pressure bipyramidal embayed quartz, favor the agglomerate
hypothesis. Faint layering parallel to both upper and lower contacts

in the Type Two matrix may indicate that this deposit is a welded block
or ash fall,

Traditionally, the unit has been call'ed a spheroidally weathered
zone. The lack of size gradation in the "'spheroids', their angularity,
and the lack of pattern disfavor the weathering hypothesis. The occur-
rence of a rounded spheroid, such as '"I', so close to the unaltered bed-
rock where one would expect to find more angular boulders, is unusual
for a weathered zone but would not be unusual for a pyroclastic deposit.

At Position G, where one would expect to find spheroidally weathered
rock resting on other rock, one finds a layered matrix and "spheroids"
unsupported by other "spheroids'. Any "spheroid' this close to sound
bedrock should be supported and should not show sedimentary layering
parallel to the contact.

Identical composition and texture of "spheroid" and matrix would
probably not occur in a spheroidally weathered zone. Some elements

would be leached and others enriched. It is possible that Type Two could
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developed by advanced rock decay of Type Three or Four, but Type
One could not.

Whatever the lithology of the "'spheroidal' zone, it is further
obscured by low grade chlorite metamorphism. Sheared and slicken-
sided surfaces occur ubiquitously in the Boston area and this outcrop
isnot anexception, Recrystallization of the entire unit has occurred,
hiding the identity of the original matrix of the '"'spheroidal' zone.

The natur: of the ''spheroidal'' unit is still questioned, although
the microxenoliths and shard nature of some of the quartz strongly

suggest a subaqueous extrusive deposit.
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