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GEO 4O7 FIELD TRIP

MESO.ZOTC TqAGTU,ATTSM TN THE NE9IAFII< E,ASTN
Saturday, March 3-L, 1995

Leave Penny Hatl O63Oi leave Mister Donut o7o0.

FoIIow New Jersey Turnpike to exit Ll-, foIlow Garden State Parkway north
to f-280. Exit onto I-280 westbound.

At the intersection and on 280 westbound, look for red sandstones and
shales of the Brunswick Formation, of the late Triassic to early Jurassic
l{ewark Group. These sediments formed the land surface onto which the
orange Mountain basalt flowed.

Which way to the sedimentary rocks dip?

As we drive west, are we going toward older or younger rocks?

What color are the rocks? Why are they that color? What kind of
depositional environment do you think these rocks accumulated in? What's
your evidence?

Begin to clirnb Orange Mountain.
roadcut on right.

Pull over and stop at beginning of large

STOP 7- ORANGE MOTJNTATN

L/2 L hour; be very careful of traffic, and do not cross road. Take
hammers, hand lenses and camera.

This magnificent road cut exposes the Orangre llor+ntain Basalt, a 42'm-
thick pile of Early Jurassic basalt flows. The Orange Mountain Basalt
is the earliest of three periods of outpouring of basaltic lava onto the
alluvial plain of the Newark rift basin. Each concentration of basalts
holds up a najor ridge, Iocally called the First, Second and Third
WATCHUNG I.{OUNTAINS. Orange Mountain is another name for First Watchung
Mountain. These large volumes of extrusive magma are almost certainly
the extrusive representatives of the same magrma system that created the
nearly coeval, intrusive, Palisade sill.

The Orange Mountain Basa1t consists of several major lava flows, some in
direct contact with each other and others separated by sedirnent. See if
you can identify flow boundaries in the cut. They probably resulted
irom subaerial (literally, rrunder the airrt, as opposed to subaqueous =
underwater) eruption, above fluvial redbeds of the Brunswick Formation,
which nay be visible at base of the cut and eastward along 28O.
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STOP 7 rnd D. Orangc Mountain Basalt; lower flow unit.

Objective: To examinc a Tomkeieff sequence of
colonnades and entablatures near thc classical site of
O'Rourke's Quarry. (Sce photograph facing thc title page
of this articlc.)

Background: This structure is describcd in the text under
'Columnar Jointing'.

When built in 1969, this road cut was the deepest
federally-financed highway cut east of the Mississippi
River. About 33 m dcep, the cut exposes a complete section
of the lower flow unit of thc Orange Mountain Basalt. and
a broad array of joint patterns that formcd as the basalt
cooled. Thc largc "basin" structure on the southeast wall
was first describcd about lfl) years ago by J.P. Iddings
(1886) of the U.S. Geological Survey in John O'Rourke's
Quarry, about 3fi) m souh of the roadcut. Whilc such
complcte structures have noa been observed clsewhere in the
Watchungs, similar joint structures, c.q. chevrons. obliquc
and reverse fans and rosettes (terminoiogy of Spry. t962)
may be studied in this roadcut and in almost every quarry
along srrike for a distance of 80 ro 100 km.

This structurc (about 33 m thick) conformably overlies a
fluvial red bed sequence of shales and sandstones and,
when firsr exposed, displayed a complete Tomkeieff
sequence of: (l) a lower colonnade (10-15 m); (2)
entablatures (20-30 m); and (3) an upper colonnade ( l -2 m)
(Fig. l7). While the lower colonnade is composed of
massive 4-5 or 6-sided polygonal and subvertical prisms, rhc
cntablature is composed of long (25-30 m) slender narrow
joint prisms that radiate from an apparent focus. Several
juxtaposed bundles or sheafs of radiating prisms may be
observed in thc roadcut, comprising fan and chevron-like
fcaturcs. Cross joints, intersecting radiating prisms at high
angles, arc prominent and appear to be conccntrically
arranged about the apex of radiation. An incomplete
section pseudo<olumns overlie the entablature.

IB

Figure 18, depicting mineral and texturat variations
within the structure, shows an increase in grain size, an
incrcase in the abundancc and sizc of the interstitial glass.
and an increasc in the olivine content in the entablature
(Fig. l9). This suggests that although cooling may have
proceeded very slowly from the sedimenr-volcanic
interface, once a groundmass capable of transmitting stress
was established thc remaining melt cooled almost instantly.
The obscure joint paltern in the upper colonnade may form
from convective heat loss near the upper part of the flow.

The early cooling history of the magma is manifested by
well-developed horizontal striations observed on the joint
surfaces of the lower colonnade. While lddings (tgg6) may
have becn thc first to report horizontal striations on joint
surfaces (from O'Rourke's quarry), James (1920)
speculatcd that thcse striations represent successive srages
or pulses in which the rock brokc and the columns formed.
Recent studics by Ryan and Sammis (197g), and Justus and
others ( 1978) at this site show that the srriations are records
of discrete thermal evcnts, characrerized by sudden periods
of crack advance in the cooling basalt. Features such as
chisel marks, pinch and swcll and kink structures on rhe
curvi<olumnar joints may also represent an episodal
cooling history. Each of these features may be obseived on
thc walls of the highway cut.

- The striations rcporred by Iddings (tgg6) show up onjoint surfaces of the lower cotonnade as cyclical bands of
smqrth and rough zones, about every 5-7 cm. Ryggand
Sammis (1978) report that as the crack growrh proceigs, the
first-formed zone is smooth and associated wirh a t{rmal
shock event; the second zone is rough, has positive ielief,
and is associated with the halting of each crack advance.

Joints of the entabtature are also cut by concave-upward
"dishlike" joints that arc cur by strike-slip faults. While
lhe origin of this structurc is debarable, it trends N 50" E
and evidently formed after the basalt cooled and before
faulting occurred.

Dikc intrusion into fluvial channel sands.
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Field sketch showing contacr of the Orange Mountain
Basalt with orienred pipe amygdaloids (pa), pipe vesicles
(pv) and vesicle cylinders (vc), and underlying cross-beddcd
pe.bbly sandstone of the Passaic Formation, McBridc Ave.,
Paterson. Strucrures indicate thar the lava flowed towards
lhe norlheast, alrhough the sedimentary paleoslope was
inclined to the southwesr.
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Columnsr Jointing (Field trip stops Z and D)

A spectacular columnar joint system, marked by a
lower and upper colonnade with a central entablature, is
the single most consistent and prominent feature of the
lower flow unit of the First Watchung basalts (Fig. l7).
It is remarkable that this three-fold joint pattern may be
observed for a distance of almost 80 km along strike. It
marks a uniform flow condition and cooling history
over a vast area, suggesting that the lava was ponded.
It is unlikely that these ponded lavas could have reached
far beyond the northern limits of the current basin. First
described almost l(X) years ago by Iddings in lgg6, these
structures are equal in prominence to those described by
Bailey (1924) of the Mull province, Tomkeieff (l%O) of
the Devil's Causeway, and Waters (1960) of the Colum-
bia River basalts.

This joint system is most completely exposed along
Interstate Route 280 in West Orange, near the site of thi
O'Rourke Quarry described by lddings in lgg6' (Manspeizer, 1969). The structure, overlying a fluvial
red bed sequence of shales and sandstones, consists of:
(l) a lower colonnade; (2) an entablature; and (3) an uD-
per colonnade. The lower colonnade, about 15 m thick,
is composed of massive 4-5 or Gsided polygonal sub-
vertical joint prisms up to 13 m high and 0.5 _ 1.2 m
wide. The entablature consists of long (20 to 30 m),
slender, slightly undulating curved polygonal columns
that pinch and swell, and radiate from the apices<rf
wide-angle cones that form upright, inverted aid
oblique fans and chevron structures (see Spry, 1961, B.
195.) Sheafs of curved downward radiating fans and
chevrons are significantly more abundant than upward
radiating structures by a factor of perhaps l0:1. Cross
joints, intersecting the radiating columns at high angle,
appear concentrically distributed about the apex of
radiation. The density of joints, as manifested by the
long slender prismatic columns, is the key factor dif-
ferentiating the entablature from the colonnades. While
the entablature of the First Watchung is curvi-
columnar, in the Second Watchung it is characteristical-
ly composed of very long (about 25 m) and fairly con-
tinuous, slender (about l0 cm in diameter), non-
radiating, parallel columns that are perpendicular to the
flow surface. Poorly developed blocky columns and
massive basalt of the upper colonnade overlie the en-
tablature in most areas.

Petrographic studies of these structures in the First
Watchung show some correlation between texture and
mineralogy and the joint type (Fig. lg). The grain size is
aphanitic throughout the flow but tends to increase
from the lower contact to the base of entablature, re-
maining constant through the entablature, and reaching
a maximum in the lower part of the upper colonnade.
Microphenocrysts of plagioclase and augite occur in all
three units.

The mineralogy includes pigeonite, augite,
labradorite, and olivine (serpentinized) with few ac-
cessory minerals. Glass with magnetite is present in the
interstices of almost all the samples. Six to ten percent
olivine is present in the entablature and in the lower few
feet ofthe upper colonnade, but only traces occur more
than a few feet above or below the entablature.
Pigeonite is absent from the entablature. The relative
proportions of glass, total pyroxene and labradoritc
vary little in the upper two units. Glass and total pyrox-
ene content in the lower colonnade show an inverse rela-
tionship. The amount of glass increases from l09o at the
lower contact to 3890 below the entablature. The pyrox-
ene content decreases from 4390 at the lower conlact to
l29o below the entablature. Glass and pyroxene $ntent
in the entablature and the upper colonnade ur. hrpr.-
tively 27 to 32a/o and 25 to 35qo of the rock. Neither thc
anorthite content nor the total percentage of thc
labradorite shows any relationship to the joint struc-
tures of the flow.

Petrographically the curvi-columnar joint pattern of
the entablature is characterized by an increase in grain ,

size, an increase in the abundance and size of the in-
terstitial glass, and the virtual restriction of olivine to
this zone. These relationships suggest that although the
rate of cooling of the hot flow interior may have pro-
ceeded slowly, once a ground mass capable of transmit-
ting stress was established the remaining silicilte melt
cooled almost instantaneously. The greatir rate of cool-
ing near the center of the flow would produce more
fractures per unit volume and a greater release of the
total energy in the system (Spry, 196l). The clarity of
joint ieflection from the lower colonnade into the en-
tablature indicates that joint propagation proceeded
along master joints, as suggested by Spry (1961). The
obscure joint pattern observed almost everywhere ia the
upper colonnade may be the result of convective heat
loss near the upper part of the flow.

Other explanations offered for the origin of the curvi-
columnar jointing in the entablature of the First Watch-
ung basalts include: (l) an undulatory upper surface (Id-
dings, 1886; Manspeizer, 1969); (2) varying rates of
cooling at the upper contact (Iddings, lE86); (3) the oc-
currence of feeder dikes (Bucher and Kerr, 1948); (4) the
effects of master joints upon stress in the entablature
(Spry, l97l), and a fracture-controlled quenching pro-
cess whereby temperature and stress distribution are
altered by water introduced through joints (Justus and
others, 1978).This issue, and the observations by Ryan
and Sammis (t978) are further discussed in the Road
t"og.
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We will examine outcrops in the lower part of the exposure, and will
concentrate on looking at the east-facing cliff across the roadstay.

TIIE ROCK ITSELF:

TEXPURES: fn the outcrops, look for:

aphanitic grain size. Typical of subaerial basalt.

Phenocrysts? phyric or aphyric? Who are phenos?

Vesicles? Scoria? Anygdaloid? any evidence for vesiculation?
separation of a gas phase?

Any internal structures in the basalt? is structure layered? or is
it rnassive and homogeneouq?

Flow toes? tops? Pressure ridges?

Look for vesicles. Had gas separated from this magma while it was
being erupted? Why or why not? What is your evidence?

l'tIilERALocY: Look in the rocks with your hand lens. Try to see very
smaIl but visible grains of olivine. plagioclase, and probably
Dvroxene a1so.

TTIE COLT]UNAR JOIMTS:

Examj-ne the columnar joints, and the columns, here on the east side.

What is the average width, or trdiameter'r, of a column?

What is the average number of sides of a colurnn?



Draw a cross-sectional
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view of the ends of some columns.

Draw a schematic view of the fanning behavior of columnar joints in the
outcrop near where lde are parked.

As you examine the cliff across the roadwdy, which if we played our
cards right is basking in the bright sunlight, look at the columnar
jointing that is spectacularly displayed. Consult the diagrams of
jointed flow units on the next page, and try to find these features in
the cliff:

a Tonkieff sequence, which consists of

upper and lower colonnades, of straight columnar joints.
Iower colonnade is spectacular.

Sketch onel

The



middle entablature,
sketch a bundle:

4

of curving, radiating columnar joints:

Contrast the columns of the colonnade and the entabl-ature with
respect to size, length, straightness, and consistency of
orientation:

Columnar joints are conmonly thought to develop with their long axes
normal to the nearest cooling surface, and normal to the least principal
stress axis or. They are thought to be essentially tension joints,
caused by contraction of the rock. The long dimension of the columns is
normal to the plane in which o, Iies. Why are the joints of the
colonnade straight and paralIel, while those of the entablature are
curved and radiating?
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THE PALISADE SILL

THEMES TO DEVELOP:

the GRAfN SfZE story

the MINERALOGY story

the IRON-ENRICHII{ENT StOry

the PEGI{ATITE-MICROPEGMATITE story

sToP 2 _ PALTSADE DRTVE ETENEAT,'
GEORGE I{AST{TNGTON E RTDGE

2.5 hours; take your gear with you. Take hammers and hand lenses, and
rain gear if appropriate.

Start at south end of Palisade Drive, walk north beyond George
Washington Bridge, examining rocks as hte go.

First station: around the bend, first outcrop

examine and determine grain size, mineralogry', phenocrvsts. Compare
texture and mineralogy to those of Orange Mountain basalt.

What Similaritieq?

What differences?

The large, flat vertical surfaces are columnar joints. Examine
mineraloqy on the weathered joint surfaces.

Describe the texture: equiqranul.ar?-paxphyritic? phaneritic? etc.

Take a samnle for comoarison later-
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AT EACH SUCCEEDTNG STATION:

compare grain size, mineraloqry. and phenocrysts with those of first
station. Look for trends of change along the outcrop.

Take small samples at each station, for comparison, label them,

As you walk, pay attention to the changes.in elevation of the road
surface. It nay be significant in your interpretations.

At- atrorrt t-hd ?rd or 4th station:

Frorn what you have seen so far, can you tell what the shape of the
intrusion is? or what orientation it has? What evidence can you
use to reason this out? How do you know that your hunches are
correct, based only of what you have seen so far?

What is the logic of locating your position in an igneous intrusion,
in the absence of layering for reference? Which way you are walking
in the intrusion? Parallel to a contact? toward a contact? away
from a contact? What evidence do you have for which direction you
are walking? Wtrat would you expe-ct to ,find when walking toward/away
from a contact?

What textural changes have you noticed in the rocks so far?

At atrout the 6th station:

You will encounter some changes. Figure out what they are.
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What are the light and dark, layered rocks? what is your evidence?
Sketch some evidences of the oriqinal nature of these rocks.

What happens to the homogeneitv of the rock in this zone?

Compare and contrast the textures of grains in the dark rocks.

Sketch some evidences of silt-like relations, and some evidences of
dike-like relations. What is the definition of each term dike and
si11?

Eventually you will encounter some rocks that look different from
what hrerve been seeing. Determine if these rocks are iqrneous,
sedimentary, or metamorphic. What is your evidence? What kind of
rocks were the pafents of these present rocks? What convincing
features of the rocks' origin can you find?
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Sketch the relations of the rock masses at the north end of the
layered rocks.

Are these layered rocks the floor of the siIl? or are they a
xenolith? What criteria did you use to make your decision?

Name some primary sedimentary structures you see in the layered
rocks.

Look for sma}I, Iight-colored rheomorphic (= remobilized) dikes, and
figure out the intrusion sequence. What is mineralogy? Which rock is
intruding which? Which is earlier and which is later? Sketch the
relations:
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Stand under the bridge, and look across into Manhattan. The east bridge
towers are footed in Precambrian Fordharn Gneiss, that was deformed
during the Paleozoic Taconian and Acadian orogenies. The west towers
are footed in late Triassic to early Jurassic sedinentary rocks of the
Newark Basin. The unconfornity separating Triassic from underlying
Precambrian lies beneath the river.

Consider the engineering geolo<ry of the bridge. What factors would be
irnportant in locating the bridge at this particular spot? What effect
on construction decisions would the petrology of the Palisade siIl have?

Walk north of the Bridge, and examine the basal,contact of the Palisade
siIl in detail. Observe and examine outstanding examples of:

concordant, sill-like contact:

discordant. dike-like contacti

sharp (razor-sharp) and diffuse contactsi

nearly vertical normal faults, with offsets of less than 2 ml

rheomorphic relations in light-colored meta-sandstonesi

outstanding Brimary sedimentary strrrctures in the now-metamorphic
rocks; and

dark rrspotsn in the light meta-sandstones; these are porohyroblasts
of biotite, that vrere produced by nucleation and growth of new
crystals during the contact metamorphisrn of sedimentary rocks by the
silt's heat.

TT'RN AROT'ND AIID WAI.K BACK $O TfiE VAI{S.

on the way back, study the cliff face on your right. Note a rather
persistent trbenchrr - a slight change in slope, !ilhere there is nore
grass and more trees than on the steep rock portions above and
below. Why is that bench there? Is it just coincidence, and
meaningless, oF is there a cause? and if there is a cause, is it
man-made or natural?



STOP 3: SOUTH END'
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PALTSADE DF?TVE

Look at weathered surfaces, with hand lens.
closely. What minerals can you identify?

Look for mi-neralogy,

Why is the rock so crunbly? This is certainly anomalous, compared
to the rocks we have just walked through. Look closellz at it with
hand 1ens. What is average grain size? How does grain size compare
to our starting station?

Look at the weathered soil, the rrrbble, with your hand lens. Look
for Beikilitic texture, that is, grains of one mineral inside
another rnineral.

What is the mineralogry of these rocks?

Why is the rocl< so red-stained?

Where is this location relative to the base of the sill?



L1_

Where is this location relative to the benqh you have been
followinq?

Why is the rock so apparently-fAyered?. What do you think controls
and produces that apparent layering?

What is the best explanation for these rocks?

STO.P 4: FORT LEE PART< - Lunch and pits

Short stop to examine texture. grrain size and uiJreralognJ' of siII 3o-4o n
above last station along Palisade Drive.

What is the averacte qrain size (in mn) here?

Describe the overall texture of the rocks here.
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Look with hand lens at low outcrops. Concentrate on the Byroxenes here.

you can see relatively large, 2'3 mm bronzite rnicrophenocrysts. Tan to
light brown, sometirnes bronze-looking. Good crystals sometimes. They
may be ophitic around plagioclase, if you look hard. Bronzite is an
orlhopyroxene, part of the enstatite series, and has a composition of
MgnoFe.o to MgroFe.o. It is more magnesian than hypersthene.

Look hard for elongate, bladed black crystals.
as of yet. What does their absence signify?

I haven't found any here

What 6re early-cryslallizincr minerals? tate-crystallizing minerals?

Look at the textures in the rock. This is textbook-typical diabasic
texture.

Look for cumulate plaqioclase laths, arranged like logs and surrounded
by pyroxene.

Look for interstitial orthopyroxene (or pigeonite). A beer (a six-pack)
to anyone who finds inverted pigeonite with their hand lens.

These outcrops show glaciat qrooves and scour on the smooth rock
surfaces; the ice got at least this far south-



STOP 5:
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TALLMAN MOUNTATN STATE PARI< - NY

Consider the najor themes of the trip at this stop: grain-size
variation, textural varj-ation, and mineralogical variation. Compare
these features here with their counterparts at the previous stop.

What are the maior uinerals in the rock here?
long black bladed nineral?

What is the cm- to 2-cm-

Any oreferred orientation of the crystals?

How do texture and qrain size compare with Fort Lee Park?

Look with hand lens at rock texture. Can you see gBartz?
rnicropecrmatite? Look hard.

Look on the outcrop face for areas and patches of pegmatite, regions of
rock that are significantlv coarser-grained than the adjacent rock. The
pegrmatite masses have irregular, blob-Iike shapes and may have diffuse
or-gradational borders. Sketch a pegmatite mass.
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What do you know in general about the cooling history of pegmatite
masses? What was the cooling history of the pegrnatite compared to that
of the surroundinq rock? What was different about the pegrmatite cooling
history?

How and why did the masses of pegnatite form? What do they signify
about the magma from which they crystallized?

Why is the outcrop surface so smooth?

Note the big boulder sitting above the exposure. What kind of rock?
Did it come from this outcrop? Why or why not?

EXAilTilE . TIIE .TEXITIRES:

STOP 6: US 9l.l - AT C LOSTER DOCI< ROAD

20 minutes. Be careful of traffic here, especially when crossing the
road.

The purpose of stopping here is to examine texture and mineralogy to see
if you can determine stratigraphic position within the sill.

what is averaqe--qrai.n-size?
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What is the dorninant texture? any phenocrArsts?

How do texture and grain size compare to those at Fort Lee Park?

to those at Tallman Mountain?

E)(AIIIINE TIIE Ii'TINERALOGY:

What were the naior minerals crystallizing from the magma here?

What kinds of BFexenes. are present? Anything new here?

How about the b1ack, bladed nineral? Is it present here? If so, how
does it conpare to black mineral at Tallman Mountain?

Look carefully with hand lens for small, irregular patches of
microoegrnatite, which is interstitial between the large pyroxenes and
plagioclases.

Where do you think you are in the sill? Higher or lower than Fort Lee
park? Higher or lower than Tallnan Mountain? What's your evidence?

fn arriving at your opinion, what rnodel for the overall development of
the siIl did you use?
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STOP 7 -- f -AO WESTBOUND - NORTH ,4IALL

Take hard hats, hammers, boots. Do not leave vans unattended, or they
will be towed.

sTAy BEHTNp THE GUARDRATL AT ALL TTHES. I|ATCH YOUR FOOTTNG, AND WATCH OUT
FOR FALLTNG ROCKS FROT.T ABOVE.

The road cut exposes the upperlnost 34O feet (98 n) of the siIl. The
upper third. Keep these stories doing: the textural variation story,
the mineralogry change story, and the Beomatite-micropegrnatite story.
A11 three stories come together here.

Start at the east end of the outcrop just beyond the on-railp, and walk
west to the end of the outcrop. You are walking obliquely up-section,
and are getting higher in the sill.

As you examine the section, use the high bridge as a dividing point,
QomBare and contrast the rocks EAST OF and llESf OF the high bridge.

EAST O! TEE ETGfl BRTDGE:.

What are the maior mir.rerals in the rock?

Look for free quartz, and K-feldspar.

What mineral constitutes the largest grains in the rock?

Watch the grain size change as you go west. Hott does it change?

Is the texture equigrranular? or inequigrranular? Watch the texture
change toward the west.
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Look for clearly visible patches of micropegrmatite (grain scale) in
between the feldspar and pyroxene grains of the diabase.

Watch for the appearance of pegmatite. What minerals are found in the
pegmatites?

How are the pegrnatites distributed in the rock? What are the shapes and
sizes of the pegrnatite masses? What are the contacts with surrounding
rock tike (sharp or gradational)?

What are the grain sizes of the various minerals in the pegmatites?

Watch how the grain size in the pegnatites varies as you go west.

Is there any correlation between lgrain size] and sharpness of the
contactsl with the [size of the mass] of pegmatite bodies as you go
west? Work on this particularly just west of the high bridge.
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STRUCTT'RAI GEOLOGV:

The rock is strongly jointed here, but these are secondary, tectonic
joints rather than cooling joints. Zones of closely-spaced joints
represent fracture and fault zones, and slickensides are common on the
fractures surfaces and mineral coatings-

Identify conjugate shear fracture pairs, by the acute inter-fracture
angle.

Look at the hydrothermal alteration adjacent to sorne of the fractures.
These are fil1ed with calcite and zeolite and prehnite nineralization
along the fracture surfaces. Some good calcite collecting. I once
found an inpressive crystal of galena here.

WEST OF TEE EIGfl BRTDGE3

What happens to the overall grain size as you go west from the bridge?

Is the texture equigrranular? or inequigranular? Does it change? or
stay the same?

What happens to the nicropegmatite as you go west?

What happens to the Begrmatite masses? , to the maximun grrain size in the
peqmatilbs? to the sharpness of their borders?
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V[hat are the major minerals in the rocks west of the bridge? What is
the largest mineral you can identify?

Wlrere else today have you seen rocks that look like these rocks west of
the bridge?

Wtrere does it aII end? will it ever end?

How do you tell when you are in netamorphic rocks? What are the
criteria for netamorphic (: non-igneous) origin of these rocks?

Find and xenolith in the sill rocks, and sketch the relations.

Are the contact relations sill-like or dike-like? 9ilhat is your
evidence?

Wtrere else today have you seen metamorphic rocks like these?



20

CENTRAL QUESTTONS TO PONDER:
SI'MMAFTY OF THE TRT P

Where in the sill was the maximum crrain size? Why was it there (in
that place)? What petrologic processes might have been involved in
locating it there?

Did the position of maximum grain size correspond to the position of
maximum pecrmatite abundance? If so, why should that be? What does
the correspondence mean in petrologic terms?

What petrologic processes does the grrain-size variation represent?

What processes do the pegatilgs represent? What causes the
irregular, localized concentrations of Such very coarse grains?

What do the contact relations indicate about the nechanism of
intrusion of the magi"ma?

What evidence did you see that supports a nodel of fractional
crvstal1ization of magnna?
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What evidence did you see that supports a moddl of grravity settling
as a mechanism of differentiation of the sill?


