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IN TRO DUC TION

This re port pres ents the pre lim i nary re sults of a four-week
field study of the Passadumkeag River pluton and con tact au re -
ole in the Spring field and Scrag gly Lake 15-min ute quad ran gles, 
and anal y sis of sam ples col lected dur ing that study.  The pri mary
ob ject of the study was the def i ni tion of brit tle and duc tile shear
fab rics in the Passadumkeag River gran ite, and the re la tion of
these fab rics to ma jor fault sys tems found to the north of the
study area, par tic u larly those de scribed by Ludman (1985),
Morisi and Ludman (1985), and my self.  Of ne ces sity, this was a
re con nais sance study, with de tailed re con nais sance of some key
ar eas; the re sults of the study, how ever, are ex tremely sig nif i cant
for the un der stand ing of Late Acadian tectonics in this part of the 
state.

Four dis tinct trends of frac tures and shears have been de -
fined, trending ap prox i mately N5°W, N40°W, N45°E, and
S75°E; the lat ter two bear the most sig nif i cance for the re gional
tec tonic pic ture.  The N45°E fab ric, in par tic u lar, is di rectly re -
lated to dextral oblique faults which were ac tive through out and
fol low ing the em place ment and cool ing of the pluton.  Re sponse
of the gran ite to shear on all these trends var ied as cool ing pro -
ceeded, so that rel a tively pre cise tim ing of the fault ing as so ci -
ated with Late Aca dian de for ma tion has been ob tained.  Re la tion 
of these fab rics to struc tures in the sur round ing sed i men tary and
vol  ca nic  rocks of  the Kearsarge-cen t ral  Maine,
Aroostook-Matapedia, and Miramichi tracts pro duces a more
com plete pic ture of Late Aca dian tec ton ics in east ern Maine than 
any ob tained thus far.  This pic ture re mains in com plete in many
key ar eas, re quir ing fur ther study, and much of the Early
Acadian, and pre-Acadian history remains uncertain as well.

GENERAL  ASPECTS  OF  TECTONIC  FABRIC

The pri mary sources of in for ma tion on tec tonic fab rics of
the Passadumkeag River pluton, prior to the pres ent study, have
been the re port of Ayuso (1984), and a se ries of lin ea ment maps

pre pared for the Maine Geo log i cal Sur vey, cov er ing por tions of
the Millinocket and Fred er ic ton 2-de gree sheets.  Ayuso’s work
is pri mar ily geo chem i cal, and he was care ful to de scribe his
struc tural work as “pre lim i nary” (Ayuso, 1984, p. 43); he none -
the less notes the ap pear ance of sev eral struc tural el e ments re -
lated to those de tailed in this study.  Most sig nif i cantly, he
de scribes north east-trending mylonitic zones within the ad ja cent 
Whit ney Cove pluton, which are shown on this map (Ayuso,
1984, Plate 1) to lie at a low an gle to the more east-trending
Norumbega fault zone.  One such zone is shown ter mi nat ing
against the Passadumkeag River pluton, im ply ing that it is un af -
fected by this fault ing and there fore youn ger than the Whit ney
Cove pluton.  Also de scribed from the Whit ney Cove pluton, but
not in the Passadumkeag River, are east-west trending my lon ite
zones which Ayuso does not re late to any re gional struc tures.
Fur ther ev i dence for the rel a tive ages of the plutons, given by
Ayuso, is that “....rock types char ac ter is tic of the Passadumkeag
River pluton in trude rocks typ i cal of the Whit ney Cove pluton”
(Ayuso, 1984, p. 6).  Ra dio met ric ages cited by Ayuso (op. cit., p. 
5-6) for both plutons gen er ally over lap, rang ing from 374 to 404
Ma.  For the pur poses of this re port, and the time ta ble of Late
Aca dian events de vel oped be low, it seems safe to con sider 385
Ma as the pluton age; certainly it would be no older than 400 Ma,
and no younger than 375 Ma.

The lin ea ment maps are of two types, one set pro duced
from air pho tos, the other from Land sat im ag ery; rose di a grams
sum ma riz ing each map are given as Fig ure 1, a-d.  The dom i nant
trends shown by both types of map are ap prox i mately due north,
N40°E, and N40°W; the N60°E  trend in the Fred er ic ton maps re -
flects the over lap of the Norumbega fault zone with the map area. 
East-west struc tural trends are ab sent from these maps, al though
Ayuso, as noted above, de scribed some struc tures with this ori -
en ta tion from the field.

Fig ure 2 is a rose di a gram show ing the pat tern of all brit tle
frac tures, pre dom i nantly joints, mapped dur ing field work for
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this pres ent study.  This fig ure re veals fab ric el e ments trending
ap prox i mately N5°W, N45°E, N40°W, and a strong N75°W fab -
ric ab sent from the lin ea ment maps.  The N40°W trend is not as
strik ing as it ap pears on the lin ea ment maps, most likely be cause
the re gional trend of gla cial lineations is also ap prox i mately
N40°W.  Gla cial and bed rock fab rics can not be dis tin guished on
the lin ea ment maps, and the tec tonic sig nif i cance of the N40°W
trend is ex ag ger ated on rose diagrams drawn from them.

The ap pear ance of each of these trends in the field and in
thin sec tion is gen er ally dis tinc tive.  The N40°W trend ap pears
as a straight for ward, re gion ally pen e tra tive joint ing fab ric, pro -
duc ing widely spaced, near ver ti cal, rough-sur faced frac tures in
out crop.  Dikes par al lel to this trend are rare.  This fab ric is the

only one of the four that does not man i fest it self in thin sec tion;
the other three all ap pear as thin lin ear zones of high strain and
occasional cataclasis.

The N5°W trend is de fined in out crop by near-ver ti cal
joints with gen er ally pla nar faces; spac ing on these frac tures is
quite vari able, rang ing from a few inches to sev eral tens of feet,
al though a wider spac ing of sev eral feet is more com mon.  It is
also as so ci ated with peg ma titic dikes along the pluton mar gin,
and other, mi nor dikes in the pluton core; the dikes are de scribed
in fur ther de tail be low.  This fab ric is fre quently ab sent from thin
sec tion, but it is found in thin sec tions of the pegmatites, as an ex -
tremely nar row zone of highly strained and fre quently frac tured
grains, with no ap par ent off set.  Bi o tite (?) grains are com mon
along these zones and are typically highly deformed.

Fab rics trending ap prox i mately N75°W are ubiq ui tous in
the study area.  They most com monly take the form of nar row
zones of anastomosing frac tures, rang ing in width from al most
two inches down to a sin gle frac ture along any one trend, al -
though a width of one-half to one-quar ter inch is most com mon.
Spac ing of these zones var ies from four inches to sev eral feet.
Joints par al lel to these frac tures tend to have rel a tively smooth,
pla nar faces; no slick en sides were ob served along these faces,
and no un am big u ous off set is ap par ent on these frac tures in the
field.  Dikes par al lel to this trend are rel a tively un com mon.  In
thin sec tion this fab ric is nearly al ways pres ent, tak ing the form
of a zone of highly strained and com monly frac tured grains up to
1 mm in width.  Cataclasis is com mon but not typ i cal, and sin gle
frac tures are rare, un like the due-north fab ric, or the N45°E fab -
ric dis cussed be low, which tend to ap pear in thin sec tion as thin
zones of high strain, less than 0.2 mm in width, typ i cally with
nar rower zones of cataclasis or sin gle brit tle frac tures.  Mi nor
off sets, less than 0.2 mm, are rare; where pres ent, they tend to be
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Fig ure 1.  Rose di a gram struc tural fab rics in di cated on lin ea ment maps drawn from Land sat pho to graphs and air pho tos of se lected
ares in the Fred er ic ton and Millinocket 2-de gree sheets:  a) Millinocket Land sat, n=113; b) Fred er ic ton Land sat, n=62 c)
Mmillinocket airphoto, n=225; d) Fred er ic ton airphoto, n=135.  Tick marks denot 10%.

Fig ure 2.  Rose di a gram show ing ori en ta tion of all brit tle frac tures mea -
sured in the field dur ing this study.  Tick marks de note 10%; n-157.



sinistral in the plane of hor i zon tal sections.  Usually no offset is
apparent across these zones.

The N45°E fab ric is the most di verse of the four in terms of
the forms it takes in the field, and, in terms of un der stand ing the
re gional tec ton ics, it is per haps the most sig nif i cant.  It is most
com mon as near-ver ti cal joints with rel a tively smooth, pla nar
faces, but is also rep re sented by dikes, zones of brit tle and duc tile 
shear, and ex ten sive hy dro ther mal al ter ation, typ i cally se lec tive
kaolinitization of plagioclase and de po si tion of he ma tite in
closely spaced ver ti cal frac tures; he ma tite com poses 10-15% of
some sam ples by vol ume.  These lat ter three tend to oc cur in as -
so ci a tion, al though not all dikes show mac ro scopic ev i dence of
strain.  Spac ing of the joint fab ric, and its dom i nance on in di vid -
ual out crops, ap pears to be re lated to prox im ity of the out crop to
one of the zones of fault ing and hy dro ther mal al ter ation.  This
sug gests that the ef fects of strain along par tic u lar faults is dis trib -
uted through a much wider band of gran ite than that im me di ately 
ad ja cent to the fault it self, al though this is dif fi cult to prove,
given the gen eral pov erty of ex po sure.  For this same rea son, it is
dif fi cult to gauge the ex act width of par tic u lar fault zones, al -
though the Rand Hill ex po sures, dis cussed be low, sug gest that
the zone of in tru sion, al ter ation, and cataclasis may be on the or -
der of one hun dred feet in width.  Dikes as so ci ated with this
trend tend to be pink gran ites, pos si bly bear ing iron-rich feld -
spars re flect ing the same Fe-en rich ment of late-stage mag mas
shown by the he ma tite.  Most dikes in the Passadumkeag River
pluton, what ever their ori en ta tions, are thumb-width or thin ner,
but some zones of pink gran ite in the south east por tion of
Lakeville Town ship are at least one hun dred feet in width.  Mac -
ro scopic cataclasis of these gran ites is not ap par ent, but they do
bear prom i nent, closely spaced, N45°E-trending joints, and
zones of high strain and cataclasis trending approximately
N45°E are seen in thin sections of these granites.

Thin sec tion tex tures as so ci ated with the N45°E trend are
sim i lar to those de scribed above, al though they oc cur in a greater 
va ri ety of lithologies.  The highly strained zones, in this case, are
more of ten clearly as so ci ated with off sets of frac tured grains and 
ex ten sive cataclasis of the strained min eral grains.  Many of the
dike rocks, even those not found in as so ci a tion with the he ma -
tite-bear ing zones, show ex ten sive al ter ation of feld spars and
am phi boles; feld spars, pref er en tially plagioclase, gen er ally are
al tered to seri cite along twin and compositional zone bound -
aries, and am phi boles to chlorite.  Hy dro ther mal min er als, com -
monly epidotes and pos si bly some zeolites as well, are of ten
frac tured as well, but do not show the ex ten sive al ter ation seen in 
plagioclase.  Thin, anastomosing bands of dark, amor phous ma -
te rial, re sem bling pres sure so lu tion folia, occur in many of the
wider cataclasite zones, trending N45°E.

Ayuso (1984) de scribed the oc cur rence of rel a tively rare
dikes in the pluton, but did not dis tin guish sys tem atic ori en ta -
tions of these dikes.  Fig ure 3 shows that, in gen eral, dike ori en -
ta tions par al lel the struc tural trends de fined in Fig ure 2, with the
lion’s share subparallel to the N5°W trend, a lesser share along

the N45°E trend, and only mi nor diking par al lel to the remaining
two trends.

Dikes ob served in the Passadumkeag River pluton may, if
crudely, be sorted into four types:  thin fel sic gran ites, zoned
pegmatites, pink gran ites, of ten bear ing epidote veins, and hy -
dro ther mally al tered zones.  The first type, sim ple thin fel sic
dikes, rarely greater than an inch in width, are the most com mon.
These dikes oc cur along all the struc tural trends, but the N40°W
and N75°W trends bear only dikes of this sort.

Zoned peg ma tite dikes, with coarse, feld spar-rich,
leucocratic mar gins and cores con sist ing al most en tirely of me -
dium-grained quartz, with mi nor amounts of feld spar and bi o -
tite, are found only along the N5°W trend.  The quartz-rich zone
is not al ways pres ent; where it is found, it may be up to
one-and-a-half inches in width, with mar gins up to half an inch
thick on ei ther side.  Con tacts be tween the leucocratic mar gins
and the host gran ites are some times gradational over a quar ter
inch or so, pos si bly re flect ing al ter ation of the host rock.  These
dikes are found in place at only one lo cal ity, at the very mar gin of
the pluton on Gran ite Ridge in the Spring field quad ran gle, but
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Fig ure 3.  Rose di a gram show ing trend of all dikes mea sured in the field
dur ing this study.  The di a gram is shaded ac cord ing to whether the dikes 
were lo cated in the rim fa cies of core fa cies (af ter Ayuso, 1984) of the
pluton.  Tick marks de note 10%, n=28.



have been seen in float in the south east quar ter of Lakeville
town ship.  The dikes are in ter preted as form ing along cool ing
cracks de vel oped per pen dic u lar to the pluton mar gin; the
east-west trend of that mar gin through out the study area may
well have led to ex ag ger a tion of the N5°W trend in Fig ure 3.
Fig ure 3 di vides the dikes into two pop u la tions, those found
within Ayuso’s rim fa cies gran ite, and those within his core fa -
cies.  These pegmatites dominate the rim facies trend and are
absent from the core.

The two re main ing dike forms are ex clu sive to the N45°E
trend, and, as far as this pre lim i nary sur vey has found, to the core
of the pluton as well.  (As these dikes oc cur along re gional fault -
ing trends, I ex pect that sim i lar ig ne ous bod ies will even tu ally be 
lo cated in the pluton rim, un less the rim was too far re moved
from the re main ing magma at the time of fault ing.)  Pink gran ite
dikes range in width from less than an inch to pos si bly over a
hun dred feet.  These dikes of ten con tain thin veins, some times
with comb struc ture, of euhedral and subhedral epidote, and typ -
i cally show thin zones of highly strained and frac tured grains
par al lel to the N45°E trend.  These zones may be ap par ent on a
mac ro scopic scale as cataclasite bands sev eral mil li me ters in
width, as on Rand Hill (see be low), or only found in thin sec tion.
Sericitization of some feld spars along twin planes and
compositional zone boundaries is common in these rocks.

The hy dro ther mal zones are char ac ter ized by al ter ation of
plagioclase to kaolinite and seri cite, and de po si tion of he ma tite
along thin, closely spaced, ver ti cal frac tures.  These zones are
per haps sev eral tens of feet in width.  Only on Rand Hill is one
ex posed in cross-sec tion; it is some thirty-five feet in width, with
mar gins gradational over eight-to-ten feet.  Al tered zones do not
oc cur as mar ginal fa cies of the pink gran ites, al though they are
of ten found in as so ci a tion, but are in ter preted as a dis tinct, later
event re lated to es cape of Fe-bear ing mag matic wa ters along the
same ac tive faults on which the pink gran ites were in truded ear -
lier.  Ex ten sive cataclasis of these al tered rocks shows that ac tiv -
ity on these faults continued after cooling of the pluton.

KEY  LOCALITIES

This sec tion pro vides thumb nail de scrip tions of cer tain lo -
cal i ties con sid ered cru cial to the de vel op ment of the tec tonic his -
tory pre sented in this re port.  Many of the par tic u lars of these
lo cal i ties have been dis cussed al ready; the pur pose of this sec -
tion is to place those fea tures in their lo cal con text, to em pha size
the im por tance of a few key ex po sures in an area poor in out crop, 
and to sug gest that ef forts should be made to pre serve at least one 
of these ex po sures — that on Rand Hill — for further study.

Rand  Hill

Nu mer ous good ex po sures of the core fa cies of the
Passadumkeag River pluton oc cur on Rand Hill in the Spring -
field quad ran gle, pri mar ily along an un paved road lead ing from
south of Weir Pond, along the south shore of Up per Sysladobsis

Lake, and join ing with the road lead ing south from Spring field to 
The Pines.  The most sig nif i cant ex po sure lies south east of the
crest of the hill, just north of the 480-foot sur veyed point shown
on the Spring field 15-min ute map.  The out crop stretches per -
haps two hun dred feet, in a pit dug into the east side of the hill, ly -
ing to the west of the road it self.  Much of the ex po sure is deeply
weath ered, but rel a tively fresh sur faces can be eas ily ob tained
with a lit tle scrap ing, and good float blocks are plen ti ful.  Three
lithologies are ex posed; the first is ap par ently a deeply weath -
ered gran ite of Ayuso’s core fa cies, and need not con cern us fur -
ther.  The other two are a pink-to-red gran ite with abun dant,
closely spaced ver ti cal frac tures, and a metasomatically al tered,
red mot tled gran ite bear ing abun dant hematite, also in closely
spaced vertical fractures.

The pink gran ite oc curs as a five-foot-wide dike, trending
ap prox i mately N45°E, nearly ver ti cal, bro ken by nu mer ous frac -
tures spaced less than half an inch apart.  In thin sec tion, these
frac tures are seen to be filled with ma te rial, in ter preted as a
cataclasite, con sist ing of amor phous, sericitized(?) ma te rial,
frag ments of quartz and feld spar grains, and epidote, oc cur ring
both as frag ments and as euhedral crys tals along frac ture walls.
Not all of the frag ments are compositionally re lated to ad ja cent
grains, sug gest ing some mo bil ity of the cataclasite frac ture fill
dur ing fault ing.  Al ter ation tex tures are prom i nent through out,
prin ci pally sericitization of feld spar along twin and
compositional zon ing bound aries, and al ter ation of bi o tite and
am phi bole to chlorite.  Both quartz and feld spar grains are typ i -
cally highly strained and frac tured through out the rock.  Within
the cataclasite are dark, thin, anastomosing zones re sem bling
pres sure so lu tion folia; sev eral grains are abruptly trun cated
against these, possibly indicating late strain along this same
trend.

The metasomatically al tered gran ite shows se lec tive
kaolinitization of plagioclase, and is penetratively frac tured,
with nu mer ous closely spaced, he ma tite-filled ver ti cal frac tures. 
Ir reg u lar zones of cataclasite, up to one inch in width, are found
through out this li thol ogy.  This zone is per haps fifty feet in
width, with mar gins gradational over eight-to-ten feet.

This out crop is in ter preted as an ex po sure of a fault zone
which was ac tive dur ing and af ter the lat est stages of in tru sion
and cool ing of the Passadumkeag River pluton.  This fault is not
ex posed else where in the pluton, al though other ex po sures of
sim i lar lithologies are not un com mon.  Sim i lar al tered gran ites
are found in out crop along the south side of Up per Sysladobsis
Lake, and in the south east cor ner of Lakeville town ship.  A
search for the north ward con tin u a tion of the Rand Hill fault will
be part of the 1988 field program.

Gran ite  Ridge

Gran ite Ridge, in the south ern most part of Spring field
town ship, bears sev eral ex cel lent pave ment ex po sures that lie
along the con tact be tween the Passadumkeag River pluton and
the sur round ing meta sedi ment.  Gran ites here be long to Ayuso’s
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rim fa cies; the meta sedi ments are bi o tite-grade sandy
metapelites, many of which re tain bed ding and sed i men tary
struc tures.  Thin veins of calc-sil i cate min er als are com mon
here, and more com mon around Tredwell Hill, im me di ately to
the west, where cross cut ting calc-sil i cate veins may in di cate
mul ti ple ther mal events.  Fo li a tion in the meta sedi ment on Gran -
ite Ridge is of ten warped around lenses and pods of gran ite, most 
likely in di cat ing plas tic de for ma tion of hot coun try rock ad ja -
cent to the in trud ing gran ite.  Thin, dis con tin u ous string ers of
very-fine-grained gran ite within the meta sedi ment may rep re -
sent min i mum melt of the coun try rock.  In thin sec tion, the fold -
ing of the fo li a tion and dis tor tion of the gran ite veins are not
ac com pa nied by any strain ing of grains in ei ther ig ne ous or
metamorphic rocks, supporting the idea that this distortion is
synchronous with intrusion.

Joint ing in the gran ite at these ex po sures be longs to the
N5°W and N75°W sets.  N5°W joints are par al leled by the zoned 
peg ma tite dikes de scribed above, and their traces are gen er ally
marked by rusty stains along the frac ture.  This close to the con -
tact, these dikes may well have de vel oped along cool ing frac -
tures formed per pen dic u lar to the pluton mar gin.  One dike veers
from the due-north ori en ta tion, swing ing to ap prox i mately
N45°E for ten inches, and then re join ing the more north erly
trend.  As there is no mac ro scopic ev i dence of brit tle frac ture re -
lated to this ap par ent fold ing, it must have de vel oped while the
mar gin was rel a tively plas tic.  Whether it rep re sents sim ply one
dike jump ing to an ad ja cent frac ture in a rel a tively cool mar gin,
or ac tual dextral shear fold ing of a dike in a crys tal mush, re -
mains un cer tain; the for mer is con sid ered more likely, since no
other dikes show folding at this locality.

In thin sec tion, the quartz of these dikes shows brit tle frac -
tures trending par al lel to the dike mar gins, as well as the ubiq ui -
tous N75°W fab ric.  It is not clear at pres ent if this north-trending 
de for ma tion re cords ac tiv ity on an in ferred north-trending splay
of the North Bancroft fault par al lel ing Mattagodus Stream, or
whether shear along the N45°E trend has here ac com mo dated it -
self to a strong compositional bound ary.  Fo li a tion in the meta -
sedi ment here trends approximately N40°E.

Other Lo cal i ties

Grouped un der this head ing are brief dis cus sions of two ar -
eas, the com plex i ties of which are be yond the pres ently avail able 
data, but which do pro vide ev i dence for the se quence and tim ing
of de for ma tion, par tic u larly post-meta mor phic deformation.

The nu mer ous out crops on re con structed lum ber roads
around Cushman Ridge, south west of the town of Spring field,
show highly de formed lime stones of the Carys Mills For ma tion
cooked to just within the bi o tite isograd.  The prom i nent fo li a -
tion in these rocks trends N50°E, but it is tightly folded about a
par al lel trend; the se quence of events in di cated by this fold ing is
the same as that dis cussed be low, de ter mined along the North
Bancroft fault in the Wytopitlock quad ran gle.  Ex act lo ca tion of
the fault mapped on Cushman Ridge is spec u la tive, and based on

an ap par ent in crease in in ten sity of de for ma tion north ward
across the ridge.  Al ter nately, this could re flect lo cal vari a tions
within a wide zone of de for ma tion usu ally found within the
Carys Mills For ma tion along its con tact with the Siluro - De vo -
nian sand stone and pelite sec tion.  Thin sec tions of the Cushman
Ridge lime stone show fo li a tion de fined by fine euhedral grains
of bi o tite; small kinks are common, however, tightly folding
these grains about a N30°E    trend.

An ex ten sive clearcut north of Lombard Lake cov ers an
area un der lain by calc-sil i cate rock and cor di er ite-bear ing
metapelite.  Ex po sures in this area are not par tic u larly good, but
sam ples from the ones which do ex ist show un am big u ous ev i -
dence of post-meta mor phic de for ma tion.  Bi o tite grains and cal -
cite crys tals in the calc-sil i cate rocks are clearly de formed and
trun cated against thin, anastomosing folia re sem bling in sol u ble
res i dues along so lu tion cleav age.  In the metapelite, ir reg u lar
bound aries of ret ro graded cor di er ite porphyroblasts are sim i -
larly trun cated against ap par ent so lu tion folia.  Ro ta tion of the
porphyroblasts is am big u ous, but the fo li a tion is clearly dis -
torted around them, and pres sure shad ows are found ad ja cent to
many of them.  Min i mum-melt (?) gran ite veinlets of sim i lar
mor phol ogy to those found on Gran ite Ridge are also pres ent in
these metapelites; they show a sim i lar pinch-and-swell struc ture, 
but here that struc ture is as so ci ated with some strain shad ow ing
of grains in the gran ite and dis tor tion of grains in the pelite.
Pull-apart ar eas be tween gran ite lenses are filled by iron sul fides
and micaceous ma te rial, gen er ally poorly pre served.  Open
kinks of biotite grains in the foliation, trending approximately
N70°W, are also found.

TIMING  OF  ACADIAN  DEFORMATION  IN
EASTERN  MAINE

This study of the Passadumkeag River pluton, to gether
with pre vi ous re search by my self and oth ers in the Spring field,
Wytopitlock, Danforth, and Scrag gly Lake quad ran gles, has led
to the de vel op ment of a rel a tively pre cise time ta ble of pre vi ously 
un dated deformational events, due to the pres ence or ab sence of
char ac ter is tic struc tures in the pluton, and the vari able re sponse
of the gran ite at var i ous stages of its cool ing his tory.  The gen eral
pat tern of events is sum ma rized in Fig ure 4 and discussed in
detail here.

The char ac ter is tic Aca dian de for ma tion in east ern Maine is 
the de vel op ment of open, up right folds with ax ial sur faces and
ax ial pla nar S1 cleav age trending N20 - 30°E is clearly pres ent in
the coun try rocks sur round ing the Bot tle Lake Com plex.  The
sub se quent D2 de for ma tion in volved high-an gle de for ma tion on
faults of the North Bancroft and Stet son Moun tain sys tems.  Po -
ten tially, these faults are sur face traces of deep base ment struc -
tures (Ludman, 1986) which break through the folded Siluro -
De vo nian sed i men tary cover as re verse faults at the cli max of
Aca dian crustal short en ing.  D2 de for ma tion is lim ited in ar eal
ex tent to rocks very close to traces of these faults; on the east side 
of the Bancroft rail road bridge in the Wytopitlock quad ran gle,
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con glom er ates of the Daggett Ridge For ma tion are in tensely
sheared ad ja cent to the North Bancroft fault in the
Mattawamkeag River, where frac tured peb bles in di cate a
high-an gle de for ma tion.  Less than a quar ter mile away, how -
ever, the con glom er ates re main mas sive.  In part, this may re flect 
the com pe tency of the unit; in the Cary’s Mills For ma tion, on the
west side of the North Bancroft fault, D2 de for ma tion seems
more in tense, with S1 lay er ing, ax ial pla nar to D1 folds, tightly
folded and sheared in a sense in di cat ing west-side-up high-an gle 
mo tion on the fault.  An S2 fo li a tion con sist ing of a so lu tion
cleav age and high-an gle shear planes is common at this locality,
but seems rare in admittedly poorer exposures at greater distance 
from the fault.

D3 is rec og nized in the low-grade rocks as a dextral oblique
slip along the same faults ac tive dur ing D2.  It is ap par ent
through out the lower Pa leo zoic sec tion as steeply plung ing folds 
in bed ding and S1 lay er ing, and also as en enchelon folds with
ax ial sur faces trending ap prox i mately due north.  The oc cur -

rence of these folds is in ferred from a vari ably plung ing
crenulation in the plane of S1, and from off sets in the out crop pat -
tern which do not ap pear to be re lated to fault ing.  Disharmonic
dextral fold ing of the S2 cleav age in both the Carys Mills and
Daggett Ridge For ma tions shows that this event must post date
the D2 high-angle faulting.

D4 is a clearly dis tinct event, ap par ently un re lated to the
dom i nant fault sys tems; it is de fined by sinistral kink bands ori -
ented E-W to N70°W.  Most prom i nent in less com pe tent units
such as the Cary’s Mills, this is some times seen as open warps of
S0 and S1 in all other units.  These kink bands are not off set along
S3 slip planes, and it is in ferred that this event must be youn ger
than the dextral D3.

The ma jor crustal short en ing as so ci ated with D1 must pre -
date in tru sion of the gran ite, so that D1, in the Spring field area, is
con fi dently dated as prior to 385 Ma.  Rocks af fected by D1 in the
Danforth quad ran gle have pro duced Up per Si lu rian fos sils
(Ludman, 1985), so this event can not be much older than the
Siluro-De vo nian bound ary, as shown in Fig ure 4.  S1 fo li a tion,
which in the Wytopitlock and Danforth quad ran gles trends gen -
er ally N20-30°E, swings to N40-50°E some where im me di ately
north of the bi o tite isograd in the Spring field quad ran gle, as seen
in Plate 1.  It is con fi dently iden ti fied as S1, how ever, on the ba sis
of its ori en ta tion subparallel to bed ding in the meta sedi ment and
the fact that it is the old est tec tonic fab ric pres ent in the rocks of
the au re ole.  Why the ori en ta tion of the fab ric and bed ding
should change as the pluton is ap proached is by no means clear.
It may, in part, re flect the shoul der ing aside of coun try rock as
the pluton ex panded, but, as faults within both pluton and au re -
ole also trend N40-50°E in this area, that can not be the en tire
cause.  The map (Plate 1) in this re port re flects a model con sid -
ered likely at pres ent, in which a fault trending ap prox i mately
N40°E, par al lel to a lin ea ment along Mattakeunk Stream, links
the North Bancroft fault zone to an other zone far ther to the west,
pos si bly the Kingman fault zone, de fined by Morisi and Ludman 
(1985).  Fur ther map ping in the north west quad rant of the
Spring field quad ran gle in the sum mer of 1988 will do much to
re solve this prob lem.  In any event, this fo li a tion is clearly older
than the Passadumkeag River pluton; in many places, par tic u -
larly Granite Ridge in the Springfield quadrangle, it is seen to
terminate abruptly against the granite.

If D2, as pres ently de fined, is pri mar ily a com pres sive
event, it seems un likely that a sig nif i cant vol ume of gran ite could 
have in truded dur ing this phase, al though there is no di rect ev i -
dence that this is the case.  In Fig ure 4, there fore, D2 is as signed
to, pri mar ily, a pre-pluton age.  It can not be much later than D1,
and, as it may re flect the same re gional stress field, the two may
overlap slightly.

Ev i dence ex ists for a gap be tween the ces sa tion of D2 and
the ini ti a tion of D3, be yond the nec es sary change in the re gional
stress field.  Thin sec tions of chlorite-grade rocks from the
Wytopitlock and Danforth quad ran gles show ing both S1 and S3

re veal S1 de fined by thin folia of fine chlorite crys tals, while S3 is
de fined by thin, amor phous, some times weakly pleochroic folia
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Fig ure 4:  Di a gram show ing ap prox i mate time ranges for var i ous stages
of Aca dian de for ma tion af fect ing rocks of the Passadumkeag River
pluton and sur round ing coun try rocks.  The hor i zon tal dashed line
marks the Si lu rian - De vo nian bound ary; ver ti cal axis is scaled in mil -
lions of years.  The shaded en ve lope rep re sents the wid est rea son able
time en ve lope for in tru sion of the Bot tle Lake Com plex.  “Ab so lute
ages” of the de for ma tions are de pend ent, in part, on the time span of this 
en ve lope; the se quence of de for ma tions with re spect to one another and
to pluton emplacement is certain.



of ap par ent so lu tion res i due, im ply ing that the deep est burial of
these rocks, and the re gional phase of great est meta mor phism,
lies be tween D2 and D3.

D3 events in cluded the fault ing of the Passadumkeag River
pluton as well as the nearby Cen ter Pond pluton, and the de vel -
op ment of the my lon ite mapped by Ayuso within the Whit ney
Cove pluton.  D3 must be gin af ter the in tru sive phase of the
Passadumkeag River pluton is al most com plete, and con tinue
well af ter the end of crys tal li za tion.  The off set along any one
fault dur ing D3 can not have been great, how ever, as there are no
ap par ent sharp changes in meta mor phic gra di ents, and the
pluton mar gin is not pres ently mapped as off set.  The most ob vi -
ous D3 ef fects in the Passadumkeag River in clude the faults and
dikes on Rand Hill, and other, sim i lar, struc tures and lithologies
else where in the study area.  The high strain and cataclasis as so -
ci ated with N45°E-trending frac tures must also be a late D3

event.  The de formed pegmatites on Gran ite Ridge, dis cussed
above, may have un der gone brit tle de for ma tion dur ing D3 due to
late mo tion on a splay of the North Bancroft fault trending down
Mattagodus Stream in the Spring field quad ran gle, as shown in
Plate 1.  The warp ing of these dikes may rep re sent ei ther late D2

ef fects on the crys tal mush of the pluton rim, or a jump ing of the
dike from one cool ing crack to an other.  D3 ef fects within the au -
re ole are less pro nounced, but none the less pres ent.  Kink ing of
bi o tite in sam ples from Cushman Ridge is as signed to D3, as are
the dis tor tion of fo li a tion around cor di er ite porphyroblasts, brit -
tle frac ture of min i mum-melt dikes, and so lu tion cleav age found
in the metapelites north of Lombard Lake.  D3 can not have be gun 
be fore about 385 Ma, and must have con tin ued af ter cool ing,
plac ing the min i mum-age bracket no older than about 375 Ma.
This dextral oblique fault ing is distinct from the Norumbega
event, but it is not impossible that it continued until that time.

D4 is found in the gran ite as the ubiq ui tous N74°W frac tur -
ing, and the as so ci ated zones of high strain and cataclasis ob -
served in thin sec tion.  East-west trending my lon ite zones found
by Ayuso in the Whit ney Cove pluton (Ayuso, 1984, p. 43) may
also be of D4 age.  All struc tural fab rics as so ci ated with D4 in di -
cate that this event must be youn ger than the fi nal cool ing of the
pluton, cer tainly youn ger than 385, and prob a bly youn ger than
370 Ma.  Ev i dence at pres ent in di cates that D3 must have been
com plete prior to ini ti a tion of D4.

This time ta ble ob vi ously must be re fined by fur ther field
study.  Two ar eas are con sid ered cru cial for study dur ing the
1988 field sea son:  First, the north west quad rant of the Spring -
field quad ran gle must be ex plored to de ter mine the na ture and
ex tent of the change in S1 ori en ta tion from N20°E to N40°E, and

whether this is in deed re lated to faults link ing the North Bancroft 
zone with other faults to the west.  Sec ond, the area be tween Up -
per Sysladobsis Lake and the pluton mar gin must be thor oughly
ex plored in or der to link the Rand Hill fault with other faults
within the au re ole.  The map shows a fault lo cated by Ludman
(1987, pers. comm.) near the pluton mar gin, which is hy po thet i -
cally linked with the Stet son Moun tain fault.  This may link up
with a fault south of Up per Sysladobsis Lake, in ferred from out -
crops of hy dro ther mally al tered, he ma tite-bear ing gran ite.  I do
not feel at pres ent that the Rand Hill fault can be made to link up
with the Stet son Moun tain fault di rectly, and plan to ex plore the
area north of Up per Sysladobsis Lake to find its con tin u a tion
into the aureole.

CONCLUSIONS

1)  Gran ite of the Passadumkeag River pluton is
penetratively frac tured, with ori en ta tions of the frac ture sets
trending ap prox i mately N5°W, N45°E, N40°W, and N75°W.

2)  At least two of these frac ture sets, N45°E and N75°W,
are un am big u ously re lated to zones of high strain and cataclasis
within the gran ite and to tec tonic struc tures in the sur round ing
lower Pa leo zoic sed i men tary sequence.

3)  All ma jor crustal short en ing, and, there fore, the pres ent
con fig u ra tion of the Kearsarge - cen tral Maine, Aroostook -
Matapedia, and Miramichi tracts must have been at tained well
prior to 385 Ma.

4)  Dextral oblique fault ing be gin ning ap prox i mately 385
Ma has pen e trated the Passadumkeag River pluton along sev eral
faults, al though the to tal off set ap pears to have been mi nor.
Some of this fault ing may be as re cent as Norumbega age, al -
though these struc tures are dis tinct from those of the Norumbega 
fault zone.
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