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IN TRO DUC TION

This re port sum ma rizes prog ress in bed rock map ping in
east ern Maine over a 16-year pe riod (1974-1989), and pres ents
an up dated ver sion of the ge ol ogy de scribed in last year’s prog -
ress re port (Ludman, 1988).  The area dis cussed in de tail in this
re port (Fig ures 1, 2) spans three of the lithotectonic tracts that
com prise south east ern Maine—the Aroostook-Matapedia belt,
Miramichi anticlinorium, and Fred er ic ton trough—al though
some men tion will be made of ad vances in un der stand ing of two
ad di tional belts—the Kearsarge-cen tral Maine synclinorium
and St. Croix belt.  Each of these tracts con tains a unique com bi -
na tion of stra tig ra phy and de for ma tion his tory, and each may
there fore be con sid ered as a sep a rate terrane as de scribed by Co -
ney et al. (1980) and Wil liams and Hatcher (1982).  The quad -
ran gle maps that ac com pany this re port show that each of these
ter ranes is fault-bounded and may be ex otic with re spect to at
least some of its neigh bors.  The na ture of many of the bound ary
faults has been de ter mined and will be de scribed in this re port,
but fur ther work is needed to resolve the remaining ambiguous
relationships.

Map ping dur ing the sum mer of 1989 was fo cused pri mar -
ily in the Scrag gly Lake, Danforth, Waite, For est, Vanceboro,
and Kellyland quad ran gles, with only a few tra verses in the ad -
join ing Spring field, Wytopitlock, and Am ity quad ran gles.  Al -
though I did no new field work in the Calais and Big Lake
quad ran gles, the in ter pre ta tion of their ge ol ogy has been
changed sig nif i cantly by the dis cov ery in New Bruns wick of
graptolites in one of the for ma tions that com prise the Cookson
Group of the St. Croix terrane (Fyffe, pers. commun., 1989).
Fig ure 3 in cludes the re vised stra tig ra phy of the St. Croix belt,

based on fau nal ev i dence from two of the three for ma tions pres -
ent.  Only a brief de scrip tion of the tec tonic im pli ca tions of the
re vised stra tig ra phy is given in this pa per; in ter ested read ers are
re ferred to Ludman (1990) and Ludman and Hill (1990) for de -
tailed dis cus sions of the St. Croix belt and the southern part of
the Fredericton trough.

I have made no sig nif i cant changes in my pre lim i nary map
of the Spring field quad ran gle, and there fore have not in cluded
an up dated ver sion with this pa per.  John Hopeck has con tin ued
to re fine the ge ol ogy of the Wytopitlock quad ran gle; see Hopeck 
(in prep a ra tion) for the most up-to-date ver sion of that bedrock
map.

In ter pre ta tion of the tec tonic his tory of the re gion has been
aided im mea sur ably by a seis mic re flec tion tra verse con ducted
across the Bot tle Lake pluton by John Costain, Cahit Çoruh, and
Bill Doll (Costain et al., 1990; Doll and Potts, 1990).  A pa per de -
scrib ing the tec tonic fea tures im aged by that line is in the fi nal
stages of prep a ra tion for sub mis sion to Ge ol ogy, but some of its
con clu sions will be sum ma rized later in this paper.

SUMMARY  OF  MAJOR  ADVANCES  IN  1989

Map ping in the Aroostook-Matapedia, Miramichi, and
Fred er ic ton trough tracts in 1989 has gen er ally sup ported the
strati graphic mod els de scribed last year (Ludman, 1988; see also 
Hopeck et al., in re view).  Most of the changes in volve an im -
proved un der stand ing of the tec tonic vs. strati graphic na ture of
some for ma tion con tacts and have been brought about by a large
num ber of ex po sures along new log ging roads through out the re -
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Fig ure 1.  Sim pli fied tec tonic frame work of  Maine.  Shad ing in di cates area cov ered in this report.

Fig ure 2.  Area cov ered in this re port.



gion.  The strati graphic de tails will he dis cussed later; here I will
briefly sum ma rize the larger conceptual advances.

Na ture of the Re la tion ship Be tween Miramichi Strata De pos -
ited Be fore Mid dle Or do vi cian De for ma tion and Those De pos -
ited Later.

Hopeck (1988, 1989) un rav eled a com plex strati graphic
pack age in clastic sed i ments along the west ern mar gin of the
Miramichi anticlinorium.  These rocks were fit ted into four for -
ma tions of in ferred Late Or do vi cian through Early De vo nian
age, the in for mally named Mill Priveledge Brook, Sam Rowe
Ridge, and El len Wood Ridge For ma tions, and the Daggett
Ridge For ma tion named by Larrabee and Spencer (1963).  It had
be come ob vi ous last year that these units shared com plex fa cies
re la tion ships with one an other, but their re la tion ship to the un -
der ly ing pre-Late Or do vi cian vol ca nic and sed i men tary units of
the Tetagouche Group was unclear.

Petrographic ex am i na tion now re veals that the youn ger
suite con tains clasts of ev ery for ma tion pres ent in the older
Tetagouche Group.  Struc tural anal y sis shows that the four for -
ma tions named above have been de formed only once, by up right
open to iso cli nal folds, whereas the older rocks have been de -
formed at least one ad di tional time.  The con tact be tween the two 
suites was mapped last year as an un con formity in which the
basal clastic suite de rived from the Tetagouche Group had trans -
gressed upon part of its erosionally truncated source region.

De tailed map ping in the north ern part of the Danforth
quad ran gle and the north-cen tral part of the Scrag gly Lake quad -
ran gle sug gests that al though the sed i men tary link age be tween
the two suites is inarguable, their pres ent con tact is prob a bly a
thrust fault.  This is in di cated by de for ma tion fea tures on both
sides of the con tact and by the fact that con tacts within both
suites trun cated along their bound ary in the Danforth quad ran -
gle.  Re con structed fa cies re la tion ships sug gest that the thrust ing 
was east-vergent, bring ing dis tal strata of the Sam Rowe Ridge
For ma tion east ward over its vol ca nic source re gion.  Later
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Fig ure 3.  Sim pli fied stra tig ra phy of east ern Maine.



high-an gle dip-slip fault ing iso lated these allochthonous rocks
as klippen in the Scrag gly Lake and Danforth quad ran gles.  The
amount of trans port can not be de ter mined, but does not seem to
have been con sid er able.  The tim ing of thrust ing is not fully con -
strained, but ap pears to have been an early Aca dian event since
Si lu rian rocks (Daggett Ridge For ma tion) are involved and the
thrust was itself folded by Acadian-aged folds.

Re fine ment of the Map Pat tern of this Thrust Fault.

Last year’s prog ress map was char ac ter ized by sev eral dot -
ted lines filled with ques tion marks, pri mar ily be cause of very
poor out crop cov er age in large ar eas of the Danforth and Scrag -
gly Lake quad ran gles.  Three ex ten sive sets of log ging roads (1)
in the vi cin ity of Jimmey Moun tain in the Danforth quad ran gle,
(2) north of the Danforth-Bancroft road in the Danforth quad ran -
gle, and (3) a new log ging “high way” con nect ing Route 6 in the
Scrag gly Lake quad ran gle with Route 169 in the Danforth quad -
ran gle have opened pre vi ously in ac ces si ble ar eas and at the same 
time have provided hundreds of new outcrops.

There is now no doubt that much of the north west ern part
of the Scrag gly Lake quad ran gle is un der lain by rocks of the Sam 
Rowe Ridge For ma tion, and that these rocks trun cate mem bers
of the un named Mid dle Or do vi cian (Caradocian) fel sic vol ca nic
for ma tion (Ovf).  The Baskahegan Lake For ma tion un der lies a
larger ex panse in the north-cen tral and north east ern parts of the
Danforth quad ran gle than had been thought in pre vi ous years.
Re ex am i na tion of pelitic rocks north of Danforth at the con tact
with the Pokiok pluton has led me to in di cate that slates with
sparsely interbedded sand stones, shown last year as pos si ble
equiv a lents of the Scott Sid ing Slate of New Bruns wick, are ac -
tu ally con tin u a tions of the Sam Rowe Ridge For ma tion.  This
has simplified the map pattern significantly.

Orig i nal Re la tion ship Be tween the Miramichi Anticlinorium
and Aroostook-Matapedia Belt, and Age of the Mill Priveledge
Brook, Sam Rowe Ridge, El len Wood Ridge, and Daggett
Ridge For ma tions.

Most of the ev i dence for the ages of these units co mes from
the work of Hopeck (1989; in prep a ra tion) in the ad ja cent
Wytopitlock and Spring field quad ran gles.  In at least three sep a -
rate tra verses, it can be dem on strated that the Mill Priveledge
Brook For ma tion interfingers with micritic lime stones of the
Carys Mills For ma tion.  The age of the Carys Mills For ma tion
has been much de bated, but is now rel a tively well es tab lished as
Ashgillian to Llandoverian (Late Or do vi cian to Early Si lu rian;
see Osberg et al., 1985).  Al though there are no fos sils in the Mill
Priveledge Brook For ma tion, the field re la tion ships in di cate that 
it has a com pa ra ble age.  The Carys Mills For ma tion is over lain
by the Llandoverian-Wenlockian Smyrna Mills For ma tion,
while the Mill Priveledge Brook For ma tion is over lain by and

interfingers with the Sam Rowe Ridge, El len Wood Ridge, and
Daggett Ridge For ma tions.  Fig ure 3 shows the in ferred age
relationships and correlations of these other units.

These fa cies re la tion ships are of crit i cal im por tance in tec -
tonic re con struc tions for the re gion.  It is now clear that the
Aroostook-Matapedia and Miramichi ter ranes were linked
stratigraphically by at least the Late Or do vi cian.  Al though there
is ev i dence that the for mer was thrust east ward over the lat ter,
and de spite the fact that the two are now sep a rated lo cally by the
Stet son Moun tain and North Bancroft fault zones, it is clear that
the two ter ranes are not and were not ex otic rel a tive to one an -
other after the Middle Ordovician.

Na ture of the Base ment Be neath the Fred er ic ton Trough

The na ture of the base ment be neath the Fred er ic ton trough
has been one of the hot test items for de bate among re gional tec -
tonic mod el ers, some call ing for an ocean ba sin and oth ers for an
ensialic en vi ron ment.  Prior to the sum mer of 1989, there was lit -
tle if any in for ma tion within the tract to help re solve the de -
bate—the Fred er ic ton trough con tin ued as a nearly
ho mo ge neous,  mo not  o  nous  sea of  cal  car  e ous
quartzofeldspathic wacke for nearly 30 miles across strike from
the Codyville fault at Topsfield to the South Prince ton-Crawford
fault at Wood land.  Downdropped fault sliv ers of post-Aca dian
molasse ex posed along branches of the Norumbega fault zone
re vealed what had lain above these wackes, but there was no
indication of their substrate.

Things changed dras ti cally when Fyffe (pers. commun.,
1989) dis cov ered a se quence of pelitic rocks with mi nor cal car e -
ous sand stones at the New Bruns wick-Maine bor der.  I have now 
traced these rocks some dis tance into Maine and agree with
Fyffe’s con clu sion that these must be much older (prob a bly Or -
do vi cian) than the Flume Ridge For ma tion that com prises most
of the Fred er ic ton trough in Maine.  The ev i dence is both struc -
tural and meta mor phic.  The Flume Ridge For ma tion has es sen -
tially been de formed only once, by up right Aca dian folds.  The
un named pelites (Opx on the ac com pa ny ing maps) have been
de formed at least once and prob a bly twice prior to the Aca dian
de for ma tion.  They re veal re cum bent iso cli nal folds that have
been re folded about the same up right folds as are found in the
sur round ing Flume Ridge For ma tion.  In ad di tion, these re cum -
bent folds typ i cally de form a pre vi ously ex ist ing fo li a tion de -
fined by me dium to coarse-grained mus co vite flakes, sug gest ing 
a yet ear lier fold ing event.  In ad di tion, rocks mapped as Opx
con tain fo li ated flakes of bi o tite, clearly the prod uct of re gional
meta mor phism ac com pa ny ing one of the two fold ing
events—prob a bly the ear lier.   In con trast, none of the rocks of
the Flume Ridge For ma tion that are in con tact with Opx con tain
any bi o tite.  The only bi o tite found in wackes of the Flume Ridge
For ma tion is in contact aureoles; regional metamorphic grade in
these wackes is always chlorite zone or lower.
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Na ture of the Norumbega Fault Zone

The jux ta po si tion of Opx and unmetamorphosed redbeds
of prob a ble Car bon if er ous age across a branch of the
Norumbega fault zone sug gests sig nif i cant dip-slip mo tion on
the fault zone.  In de pend ent ver i fi ca tion of this con clu sion co -
mes from the seis mic re flec tion line across the Bot tle Lake
pluton (Costain et al., 1990; Doll and Potts, 1990).  This line
crossed two branches of the Norumbega fault zone and im aged
them clearly through out the en tire crust.  In deed, they cut the en -
tire crust and off set the Moho vertically by as much as 1.5 km.

The sig nif i cance of this ob ser va tion is that it sug gests a
very late date for mo tion along faults of the Norumbega fault
zone.  Stew art (1989) has pos tu lated that the strongly re flec tive
lower crust and the con fig u ra tion of the Moho re sult from Me so -
zoic ex ten sion.  If this is cor rect, it is un likely that Moho off set
now ob served on the Norumbega fault zone could have sur vived
such ex ten sion.  At least some of the dip-slip off set on the
Norumbega fault zone must be more re cent than the for ma tion of 
the ob served Moho; Ce no zoic or Late Me so zoic offset is a
definite possibility.

STRATIGRAPHY

There has been lit tle change in the re gional strati graphic
model pre sented in my most re cent prog ress re port (Ludman,
1988), other than the dis cov ery of the Opx unit and re vers ing the
se quence of for ma tions in the Cookson Group of the St. Croix
belt.  The dis cus sion that fol lows is a brief de scrip tion of strati -
graphic re la tion ships in south east ern and east-cen tral Maine and
cov ers the Kearsarge-cen tral Maine and St. Croix terranes for
completeness.

Kearsarge-Cen tral Maine Synclinorium

The strata of the Kearsarge-cen tral Maine synclinorium in -
clude in ter me di ate and dis tal turbidites in cen tral (Osberg, 1980;
Pankiwskyj et al., 1976) and north-cen tral Maine (Roy, 1981;
Neuman 1967).  More prox i mal fa cies crop out along the west
flank of the synclinorium in west ern Maine (Moench and
Pankiwskyj, 1988).  The dis tinc tive Perry Moun tain -
Sangerville - Smalls Falls - Ma drid - Carrabassett - Seboomook
se quence de fined in cen tral and west-cen tral Maine does not ap -
pear to be pres ent in the pres ent study area; nei ther are the fos sils
that pro vide the crit i cal ages for those units.

The cen tral Maine se quence is rep re sented in the
Wytopitlock and ad ja cent quad ran gles to the west and north by
an ap par ently mo not o nous se quence of gen er ally thick bed ded
cal car e ous quartz-feld spar wackes interbedded only rarely with
ap pre cia ble amounts of pelite.  These wackes have been mapped
as be long ing to the Siluro-De vo nian Ma drid For ma tion (Osberg
et al., 1985), but have been re ferred to lo cally as the Lawler
Ridge For ma tion by Roy (1981).  The wackes un der lie all or

nearly all of sev eral quad ran gles just west of the pres ent study
area and are in ap par ent fault con tact with the Matapedia belt in
the Wytopitlock quadrangle.

In pre vi ous re con nais sance stud ies I sug gested that this
pile of wackes might be sub di vided based on a vari ably cal car e -
ous na ture and on bed ding style (Ludman, 1985).  Two units are
ten ta tively bro ken out of this se quence and are mapped pro vi -
sion ally as mem bers of the Ma drid For ma tion.  One, DSmc, is a
punky or ange-brown weath er ing, cal car e ous quartz-feld spar
wacke with abun dant de tri tal mus co vite flakes.  Fresh rock, of -
ten dif fi cult to find in deeply weath ered ex po sures, is in vari ably
me dium to light gray.  Beds are gen er ally ho mo ge neous, with
few sed i men tary struc tures, lit tle if any vari a tion in grain size,
and lit tle pelite be tween sand stone beds.  Thick ness of in di vid ual 
beds ranges from 5 cm to over 3 m, with most beds greater than
20 cm thick.  Ho mo ge ne ity of the wacke makes it difficult to
identify bedding and/or facing in many instances.

The sec ond unit, DSmf, is a chalky white weath er ing, gen -
er ally non-cal car e ous, quartz-feld spar wacke that lacks the mus -
co vite con tent of DSmc.  It con tains more feld spar than DSmc
and less (if any) of the py rite and an ker ite that cause that mem ber
to weather or ange-brown.  The range of bed thick ness is com pa -
ra ble to that in DSmc, but graded bed ding is some what more
com mon and DSmf ap pears to be slightly more coarse-grained.

Cur rent map ping sug gests that DSmc and DSmf are in con -
form able con tact.  Re ver sals of graded bed ding and ev i dence
from rare load casts sug gest that DSmc is older than DSmf, but
much more work is needed to con firm this hy poth e sis.  It is un -
likely that sim ple “layer-cake” stra tig ra phy will ex plain re la tion -
ships be tween these mem bers, and a com plex interfingering of
fa cies de vel oped on a ter race formed by co alesc ing deep-sea
fans is en vis aged for the Madrid Formation.

The age of these units is not well de fined.  If they are in deed 
part of the Ma drid For ma tion, and if that unit is not
time-transgressive, a Late Si lu rian to Early De vo nian age is in di -
cated.  Mid dle Si lu rian fos sils found just be low basal wackes of
the Lawler Ridge For ma tion by Roy (1981) sug gest that age re la -
tion ships are not as sim ple as the state map has sug gested.  The
pile of cal car e ous and non-cal car e ous wackes de scribed here
may be equiv a lent to the en tire Sangerville-through-Ma drid se -
quence fur ther west and thus span nearly the entire Silurian.

The con tact be tween the cen tral Maine and Matapedia belts 
is shown on the state map as a fault of un spec i fied type (Osberg
et al., 1985), pri mar ily based on my re con nais sance map ping.
This fault is now in for mally named the cen tral Maine bound ary
fault.  Units of both belts are trun cated by the cen tral Maine
bound ary fault and the early (syndepositional?) Kingman fault
zone is also cut by the fault.  The cen tral Maine bound ary fault is
it self folded in the Mattawamkeag Lake quad ran gle north west of 
the area cov ered in this year’s re port and is be lieved to be of
Early Aca dian af fin ity.  Sense of dis place ment along the fault is
not well con strained at this point; Hopeck and I fa vor a
west-over-east thrust sense in our mod el ing, but other
possibilities cannot be ruled out.
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Aroostook-Matapedia Anticlinorium  (“Matapedia Belt”)

Much of the Spring field and Wytopitlock quad ran gles west 
of the area cov ered in this year’s de tailed re port is un der lain by
thin-bed ded strata shown on the state map as un named lime -
stones and pelites of pre sumed Si lu rian age.  It was men tioned in
pre vi ous re ports (Ludman, 1988; Hopeck, 1988) that the lime -
stones are equiv a lent to the Late Or do vi cian-Early Si lu rian
Carys Mills For ma tion and the pelites are com pa ra ble to the
Smyrna Mills For ma tion of the Aroostook-Matapedia belt in the
Houlton area as de fined by Pavlides (1974).  This con clu sion
changes the map pat tern of the Aroostook-Matapedia belt sig nif -
i cantly.  A south ern lobe of the belt now ex tends south east ward
of the Kearsarge-cen tral Maine synclinorium into the present
study area.

Carys Mills For ma tion (SOcm).  A large por tion of the
Matapedia belt in the study area is com posed of very
fine-grained gray ar gil la ceous micritic lime stones.  These rocks
have not had a dis tin guished place in re gional map ping his tory.
Larrabee et al. (1965) com pletely ig nored them, lump ing this li -
thol ogy with sim i larly gray but non-cal car e ous rocks of pre -
sumed Si lu rian age.  Doyle and Hussey (1967) showed small
out crop ar eas of this unit in the con tact au re ole north of the Bot -
tle Lake pluton in the Winn and Spring field quad ran gles, and re -
ferred to it as Or do vi cian-Si lu rian un named lime stone.  My
re con nais sance and semi-de tailed map ping in these quad ran gles
as well as in the Wytopitlock and Am ity quad ran gles re vealed
that ar gil la ceous lime stones are far more wide spread than pre vi -
ously sus pected (see Osberg et al., 1985). They sug gested a Si lu -
rian age, but did not at tempt cor re la tion with ei ther the Carys
Mills For ma tion to the north or the rib bon lime stones of the
Waterville or Sangerville Formations to the southwest.

The dis tinc tive bed ding style that char ac ter izes lime stones
of the Carys Mills For ma tion in its type lo cal ity near Houlton is
rarely pre served in the study area.  It is re placed by one or more
sets of trans posed lay er ing cre ated dur ing fold ing and/or fault -
ing.  Bed ding is ob served in less than 5% of the out crops of the
Carys Mills For ma tion in the study area.  Where pres ent, beds
are 2-5" thick and con sist of vari ably dolomitic and calcitic
micrite sep a rated in some in stances by thin lay ers of pelite.
These pelitic lay ers are prob a bly pres sure-so lu tion res i dues
rather than pri mary beds.  Dif fer en tial weath er ing (buff vs. me -
dium gray) dis tin guishes the two types of carbonate beds.

Smyrna Mills For ma tion (Ssm; Ssmg).  Very thinly lay -
ered pelites with sub or di nate sand stone com prise the rest of the
Matapedia belt in the study area, par tic u larly near the con tact
with the Kearsarge-cen tral Maine suite.  By anal ogy with the
Matapedia rocks of the Houlton area, these pelites are as signed
to the Smyrna Mills For ma tion (see Pavlides, 1974).  The
Smyrna Mills For ma tion is di vided into two mem bers (Ssm and
Ssmg)  in the study area based al most entirely on color .

Ssm is a gen er ally mo not o nous se quence of thin-lay ered
me dium gray slates in ter ca lated with sub or di nate amounts of
gray-weath er ing, fine-grained quartzose sand stone and

siltstone.  Trans po si tion has af fected these rocks also, and it is
dif fi cult to dem on strate con clu sively that lay er ing in most out -
crops is true bed ding.  Most lay ers range from 0.5 to 2.5 cm, and
slate ac counts for ap prox i mately 65-75% of this mem ber.  It can
be dif fi cult to dis tin guish deeply weath ered  lime stones of the
Carys Mills For ma tion from slates of Ssm if weath er ing has
leached out cal cite from the for mer.  Zones of in tense dis rup tion
have been found lo cally in Ssm, and the dis rup tion is at trib uted
to early-stage syndepositional fault ing.  Small(?) lenses of
fine-grained lime stone sim i lar to those of the Carys Mills For -
ma tion oc cur within the gray pelites of the Smyrna Mills
Formation , but are not abundant.

Ssmg dif fers from Ssm in a few dis tinc tive ways: (1) it is
highly chloritic and hence green in most of its out crops, ex cept
for those that are hematitic and red dish-ma roon; (2) sand stones
are more feldspathic than those in Ssm, and as a re sult weather to
a chalky buff color rather than gray; (3) sand stones are per haps
slightly more abun dant than in Ssm and oc cur lo cally in thicker
beds (up to 7 cm).

Ssmg and Ssm are dis trib uted geo graph i cally in a reg u lar
man ner that sug gests ei ther strati graphic or con sis tent struc tural
con trol.  Ssm is most prom i nent in the east ern part of the
Matapedia belt, ad ja cent to the Carys Mills For ma tion, and Ssmg 
is ab sent from this area.  Ssmg oc cu pies the west ern (up per?)
part of the Matapedia belt, and the red ho ri zons seem to be re -
stricted to lo ca tions near the cen tral Maine bound ary fault.
Syndepositional fault ing has se verely dis rupted Ssmg, as along
the Kingman fault zone, and this mem ber is fur ther com pli cated
by as many as three sets of transposed layers.

Con tact Be tween the Matapedia and Miramichi Belts.
The con tact be tween Matapedia and Miramichi lithologies is a
tec tonic one ev ery where.  Lo cally, the North Bancroft and Stet -
son Moun tain fault zones sep a rate rocks of the two belts, and in
my ear lier mod el ing I had con sid ered these faults as pos si ble
terrane-bound ing su tures.  It has be come ap par ent in the past two 
sum mers, how ever, that Matapedia rocks crop out on both sides
of the North Bancroft fault, and pos si bly on the east side of the
Stet son Moun tain fault as well.  These north-trending faults are
rel a tively late in the re gional tec tonic his tory; jux ta po si tion of
the two tracts is thought to have oc curred along ear lier east-di -
rected thrusts that have since been off set by the later faults.  It
pres ently looks as if the early thrusts were early Aca dian fea -
tures, and that they are in turn deformed by late Acadian folds
(see below).

Miramichi Anticlinorium 

The Miramichi anticlinorium in Maine is di vided into two
un equal parts by the Bot tle Lake Com plex, a small seg ment
south of the pluton near Orono (the Greenbush seg ment), and a
larger area (the Danforth seg ment) be tween the Bot tle Lake
Com plex and the Ca na dian bor der.  Larrabee and Spencer
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(1963) and Larrabee et al. (1965) mapped sev eral for ma tions in
the Danforth seg ment, in clud ing an un named vol ca nic unit.  Un -
for tu nately, few of those units have stood the test of sub se quent
map ping, and those that are now rec og nized bear only a slight re -
sem blance to the group orig i nally pro posed.  This re port will fo -
cus on rocks of the Danforth seg ment; al though most of the
lithologies found there are also pres ent in the Greenbush area, I
have not done enough de tailed work to con firm a similar
stratigraphic sequence.

The Danforth seg ment of the Miramichi anticlinorium con -
tains a wide va ri ety of rocks rang ing in age from Cam brian(?)
through Siluro-De vo nian, and in li thol ogy from mafic vol ca nic
rock to lime stone con glom er ate.  As shown in Fig ure 3, two un -
con formi ties di vide the se quence into three dis tinct parts; from
old est to youn gest these are the Baskahegan Lake For ma tion
(equiv a lent to the Lower Tetagouche Group of New Bruns wick), 
the Up per Tetagouche Group, and a pack age of con glom er ates,
grits, and slates here in for mally named the Prentiss Group.

Baskahegan Lake For ma tion (OCbl).  Rocks of the
Baskahegan Lake For ma tion are thought to be the old est in the
re gion.  They oc cur in two belts (see at tached quad ran gle maps)
in the Danforth, Scrag gly Lake, For est, and Waite quad ran gles,
sep a rated by the youn ger sed i men tary and vol ca nic rocks of the
Tetagouche and Prentiss Groups.  The for ma tion is named from
su perb ex po sures along the east ern shore of Baskahegan Lake
near Brook ton in the Danforth quad ran gle, and many spec tac u -
lar pave ment out crops have been ex posed east of that lake on a
new network of lumber roads.

The Baskahegan Lake For ma tion con tains mas sive to well
graded, gen er ally thick-bed ded gray, green, and ma roon
quartzose and quartzofeldspathic sand stones and wackes,
interbedded with green and ma roon slate.  Two mem bers are rec -
og nized, with dis tinc tions made by color, bed thick ness, and pro -
por tion of sand stone and pelite.

Lower Mem ber (OCblm).  The low est ex posed part of the
for ma tion con sists of pink to deep red-ma roon sand stones and
interbedded red-ma roon slates, in di cated as OCblm on the ac -
com pa ny ing maps.  These crop out in the cores of anticlines
south of Brook ton.  They have not been found in the north ern
belt of the Baskahegan Lake For ma tion, sug gest ing that the
rocks north and west of Danforth rep re sent only the up per part of 
the for ma tion.  Sand stones and coarse siltstones dom i nate this
low er most mem ber of the Baskahegan Lake For ma tion, and
prob a bly com prise 80-85% of its out crops.  Sand stones of
OCblm are gen er ally thick-bed ded; they range from 10 cm to as
much as 3 m, but most are be tween 20 cm and 1.0 m thick.  The
clasts con sist of quartz and feld spar in vary ing pro por tions, but
are typ i cally more quartzose than in the over ly ing OCblg mem -
ber.  The bases of some beds con tain gran ule-sized clasts (up to
4.5 mm), but these are rare.  The ma trix con sists of mus co vite,
chlorite, and vari able amounts of hematite that control the
redness of the rocks.

Most beds are ho mo ge neous, but some dis play ex cel lent
graded bed ding, with gran ule-sized par ti cles at their bases pass -

ing up ward through sand-sized grains to silt or slate at their tops.
Color also tends to grade up ward in these beds, from pink ish
gray at the base to deep ma roon at the top as he ma tite con tent in -
creases.  Slate oc curs most of ten in OCblm as the tops of these
graded sets, and only rarely forms sep a rate beds be tween
sandstone layers.

Up per Mem ber (OCblg).  The vast bulk of the Baskahegan
Lake For ma tion is made up of gran ule con glom er ates, sand -
stones, siltstones, and pelites that are nearly iden ti cal to those of
OCblm ex cept for the fact that they are green.  These rocks, des -
ig nated OCblg, lie con form ably and ap par ently gradationally
above the red va ri et ies.  The tran si tion is well ex posed on lum ber
roads east of Route 1 just south of Jack son Brook Lake, and west
of Route 1 near the Kossuth town line, and con sists of
interbedded green and red lithologies.  Well de vel oped graded
beds in both ar eas in di cate that OCblm lies beneath OCblg.

Most of the sand stones of OCblg weather chalky white be -
cause of their high feld spar con tent.  Bed thick nesses are com pa -
ra ble to those in the lower mem ber, but some mas sive
quartz-feld spar wackes in OCblg at tain thick nesses of 5 m.  Most 
of the sand stones are fea ture less, but a few soft-sed i ment slump
folds have been iden ti fied in the thicker beds.  As in OCblm,
pelite beds are rare, and most shale/slate oc curs at the tops of
graded beds.

Wackes of both OCblg and OCblm dis play a dis tinc tive so -
lu tion cleav age that is well de vel oped in most out crops.  It is
com monly reg u larly spaced (1.0-2.0 cm), giv ing the sand stones
a unique “sliced bread” ap pear ance that I have not seen in any
other for ma tion in the re gion.  Pelitic in sol u ble res i due is con -
cen trated along the “breadslicer” cleav age planes, and these sec -
ond ary lay ers may lo cally be mis taken for bed ding.  This
cleav age is com monly re fracted within a sin gle graded bed, and
in some ex po sures has clearly been folded.  This char ac ter is tic
cleav age is pre served even in high-grade hornfelses ad ja cent to
the Bot tle Lake and Pokiok plutons, but the ba sic color dif fer -
ence be tween OCblg and OCblm is destroyed by metamorphism
at the biotite isograd.

Age and Cor re la tion.  No fos sils have ever been found in
the Baskahegan Lake For ma tion, and the com plex ity of its con -
tacts with ad ja cent units de stroys any cer tainty of a con tin u ous
se quence.  As a re sult, the in ferred po si tion of the for ma tion be -
low the Caradocian fos sils of the vol ca nic unit can not be dem on -
strated un equiv o cally.  In the Ca na dian Miramichi ex po sures,
the most sim i lar sand stone-dom i nant unit has been mapped as
un named Cambro-Or do vi cian sand stones (OCs) im me di ately
across the bor der (Venugopal, 1978; Lutes, 1979), and has been
cor re lated with the lower part of the Tetagouche Group as de -
scribed by Fyffe (1982).  Bed ding styles and thick nesses, color,
and pro por tions of sand stone and pelite of the lower Tetagouche
Group are lo cally iden ti cal to those of the Baskahegan Lake For -
ma tion (see de scrip tions by Irrinki, 1980).  There are, how ever, a 
few im por tant dif fer ences.  Lower Tetagouche rocks ex posed
along the Trans-Can ada High way be tween Tem ple and the
Houlton turn off are more quartzose and less feldspathic than
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most of the Baskahegan Lake wackes, and as a re sult weather
gray rather than chalky white. A few sim i lar ho ri zons have been
ob served in the Baskahegan Lake For ma tion, but are rel a tively
mi nor.  “Breadslicer” cleav age has been ob served in some of the
Ca na dian Miramichi ex po sures, but is not nearly as per va sive as
in the rocks in Maine.  Fi nally, many of the rocks of the lower
Tetagouche Group are a deep olive-green that contrasts with the
paler green of OCblg.

The next belt of Pre-Si lu rian rocks to the north west, the
Weeksboro-Lunksoos Lake anticlinorium, also con tains a sim i -
lar unit—the Grand Pitch For ma tion (Neuman, 1967).  The
Grand Pitch is also unfossiliferous, other than the pres ence of the 
trace fos sil oldhamia, but it lies be low Arenigian fos sils, and
Neuman has sug gested a Cambro-Or do vi cian age.  Lith o logic
sim i lar ity and re gional re la tions thus tend to sup port the pro -
posed age of the Baskahegan Lake For ma tion, but I have also
worked with a model in which the for ma tion is post-vol ca nic and 
ei ther of Si lu rian or late Or do vi cian age.  This con cept can not be
ruled out, but my pref er ence at this time is for the Cam brian to
Early Ordovician age shown in Figure 3.

Up per Tetagouche Group.  The up per con tact of the
Baskahegan Lake For ma tion is com pli cated lo cally by fault ing,
so that what is pre served prob a bly does not rep re sent a con tin u -
ous stra tig ra phy.  Al though the Baskahegan Lake For ma tion
passes into vol ca nic units on both the west and east, the se -
quences are dif fer ent in the two ar eas.  To the east, OCblg passes
into feldspathic sand stones with car bo na ceous pelite (OCr) and
then into mafic vol ca nic rocks.  To the west, the for ma tion is in
ap par ent fault con tact with a se quence of black, car bo na ceous
pelitic rocks (Or); or thin bed ded gray slates with mi nor sand -
stone (Op); or an al ter na tion of these two units that may be the re -
sult of ei ther fold ing or interfingering.  Rocks of Or pinch out in
tight folds in the Spring field and Scrag gly Lake quad ran gles,
pre sum ably be cause of mi nor slip page along their con tact with
Op and Ovf dur ing fold ing.  Al ter na tively, there may be a
complex facies relationship among these three units.

OCr (Un named Anoxic Pelitic and Arenaceous Rocks in
the For est and Waite Quad ran gles).  Pelite-rich ho ri zons as -
signed to OCblg in the north west cor ner of the Waite quad ran gle
pass east ward into a se quence of thin-bed ded feldspathic sand -
stones and pyritiferous, vari ably car bo na ceous pelite des ig nated
as OCr.  Out crop con trol is poor, but the tran si tion ap pears to be
con form able.  The sand stone weath ers buff to chalky-buff, is
gen er ally fine-grained, and ex hib its poorly de vel oped graded
bed ding.  Beds range from 2.5 to 12.5 cm in thick ness, but pinch
and swell in the area where they are best ex posed.  Dis rup tion of
bed ding be comes ex treme near the ad ja cent mafic vol ca nic
rocks of Ovm, and be cause the Codyville fault is nearby, I had
orig i nally at trib uted the dis rup tion to ef fects of that struc ture.
Fur ther anal y sis sug gests more duc tile de for ma tion than that as -
so ci ated with the Codyville fault else where, and it is possible
that syndepositional faulting was responsible.

Pelitic beds range from highly car bo na ceous, sooty types
to barely car bo na ceous, me dium gray slates.  Both ex tremes con -

tain euhedral py rite crys tals ap prox i mately 1.5-5.0 mm across.
Pro por tions of sand stone to pelite vary con sid er ably within the
small out crop area of OCr and it is dif fi cult to gen er al ize beyond
that statement.

Age and Cor re la tion.  The age of this unit is poorly con -
strained.  It lies above the Baskahegan Lake For ma tion and be -
low(?) ad ja cent mafic vol ca nic rocks, but none of these units is
fossiliferous.  If the Baskahegan-Grand Pitch cor re la tion is cor -
rect, an Early Or do vi cian age is sug gested.  OCr would then be
equiv a lent to the Arenigian Shin Brook For ma tion of Neuman
(1967), and the mafic rocks could cor re late with mas sive bas alts
de scribed by Neuman in the same stratigraphic position.

Un named Mafic Vol ca nic Rocks (Ovm).  Brown-weath er -
ing, dark gray to black metabasalt and metadiabase crop out east
of OCr in the Waite quad ran gle, and sim i lar rocks have been
found in the Mattawamkeag River in the north west cor ner of the
Danforth quad ran gle and south west cor ner of the Am ity quad -
ran gle.  In the lat ter in stance, how ever, OCr is ab sent and the
mafic rocks di rectly ad join sand stones of the Baskahegan Lake
For ma tion.  In many ex po sures these rocks are mas sive and may
have been ei ther lava flows or hypa bys sal dikes and sills, but pil -
low-like struc tures and well de fined lay er ing in a few places in -
di cate that at least some of them were eruptive.

Most of the mafic rocks are fine-grained, aphyric
metabasalts, now con verted to actinolitic green stones in the con -
tact au re ole of the Bot tle Lake pluton.  Some, how ever, are por -
phy ritic and con tain plagioclase pheno crysts up to 7.5 mm long.
Par al lel ism of plagioclase laths in some spec i mens sug gests pri -
mary flow band ing.  A tuffaceous or i gin is prob a ble for some of
the rocks, which now ap pear as actinolite-plagioclase green -
stones with very fine-grained and comp lexly su tured tex tures.  A
unique li thol ogy as so ci ated with the mafic rocks is a strongly pit -
ted (in for mally “Swiss cheese rock”) rock which is com posed of
two thor oughly in ter mixed, but very dif fer ent com po nents:  dark 
green actinolite-plagioclase lay ers anastomosing with light gray
to white cal cite-epidote-actinolite lay ers.  It is dif fi cult to pin -
point the protolith of this mixed rock.  It may be (a) a mix ture of
ba saltic ma te rial and lime stone, caused by erup tion of lava into
un con sol i dated muds, (b) a strongly sheared volcanogenic brec -
cia, (c) strongly sheared lime stone con glom er ate intruded by
basalt, or (d) something completely different.

Age and Cor re la tion.  As dis cussed above, there is lit tle age 
con trol for this unit other than the fact that it is in truded by the
Bot tle Lake pluton, and must there fore be older than Early De vo -
nian.  A ten ta tive Early Or do vi cian age is sug gested here, based
more on pos si ble cor re la tion with the Weeksboro-Lunksoos
Lake anticlinorium than on re li able information.

Un named Car bo na ceous, Sulfidic Pelites (Or).  Along the
west ern (faulted) flank of the out crop belt of the Baskahegan
Lake For ma tion, in the Spring field, Scrag gly Lake, and
Danforth quad ran gles, OCr and Ovm are ab sent.  The
Baskahegan Lake For ma tion is sep a rated from a dom i nantly fel -
sic vol ca nic sec tion by pelitic rocks lo cally sep a rated into car bo -
na ceous types (Or) and non-car bo na ceous types (Op).
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Or con sists of sulfidic, rusty weath er ing pelites in ter ca -
lated with sub or di nate amounts of quartzose sand stone.  These
rocks crop out well in the au re ole of the Bot tle Lake pluton in the
Scrag gly Lake and Spring field quad ran gles, where they ap pear
to de fine a com plex map pat tern in volv ing at least two gen er a -
tions of folds.  Sim i lar rocks are found in the same strati graphic
po si tion fur ther north in the Danforth quad ran gle just south of
the town of Danforth, but it has not been pos si ble to trace the
rocks con tin u ously from one area to the other.

Pyritiferous quartzose sand stone oc curs in beds 2.5 to 30.0
cm thick that are of uni form grain size and tex ture.  Lo cally, ei -
ther these psammites or the interbedded pelite may be the dom i -
nant li thol ogy, but pelite dom i nates for the unit as a whole.  The
pelite var ies con sid er ably in the amount of car bon and py rite that 
it con tains.  Black, soft, sooty shales/hornfelses gen er ally con -
tain lit tle if any sand stone and only small amounts of sul fide.
Dark gray to black pelites are less sooty, con tain thin beds of
quartzose sand stone, and tend to be more sulfidic.  As a re sult,
they weather to a more rusty appearance.

Or dif fers from OCr in three ways: (1) it is gen er ally thicker 
bed ded, (2) its sand stones are less feldspathic, and (3) the sand -
stones are not as well lam i nated or graded.

Un named Gray Pelite and Siltstone (Op).  Or passes up -
ward, and lo cally seems to interfinger with gray slates and
siltstones of Op.  Gray, non-sulfidic and non-car bo na ceous slate
and phyllite com prise most of this for ma tion (60-70%), with the
re main der be ing a gray-weath er ing quartzofeldspathic siltstone
and fine-grained wacke.  Wacke and pelite gen er ally oc cur in
well graded beds with pelite slightly more abun dant than the
coarser ma te rial, but mas sive ho ri zons con tain ing only the pelite
are also com mon.  The for ma tion is thinly bed ded.  Most beds are 
1.5 to 5.0 cm thick, but a few wacke beds reach 15 cm.  Most of
the wackes and siltstones, and all of the pelites, are
non-calcareous.

Graded beds of Op lo cally pass up wards, and may also
interfinger with a gray ma trix-sup ported con glom er ate that I
have not sep a rated on the ac com pa ny ing maps.  Ex po sures of
this con glom er ate are lim ited to the Danforth quad ran gle just
south of Kinney Cove on both sides of Route 169; it does not ap -
pear to be pres ent fur ther south in ei ther the Scrag gly Lake or
Spring field quad ran gles.  Clasts are up to 30 cm in di am e ter and
in clude cryptocrystalline vol ca nic rock, slate chips sim i lar to
most of Op, and some manganiferous siltstone.

Ages of Op and Or.  Or lies at the base of what seems to be a
con tin u ous se quence of Or-Op-Ovf.  No fos sils have been found
in Op, but Caradocian graptolites have been iden ti fied in Ovf
(Larrabee and Spencer, 1963).  Brad Hall and Phil Osberg (pers.
commun. 1987) men tioned that graptolites had been col lected
from “vol ca nic rocks near Tolman Hill” (in the Spring field quad -
ran gle) and that these had also yielded a Caradocian age.  A large
se ries of ex po sures of Or and Op is found near Tolman Hill, and
it is likely that the graptolites came from one of these.  Ac cord -
ingly, Op and Or are con sid ered to be Llandeilian or Caradocian.

Un named Fel sic Vol ca nic Rocks (Ovf).  This unit was orig i -
nally re ferred to by Larrabee et al. (1965) as “rocks of Snow
Moun tain.”  It forms a dis tinc tive out crop band that is trace able
from the Pokiok pluton just east of Danforth through the
Danforth, Scrag gly Lake, and Spring field quad ran gles into the
Bot tle Lake pluton.  Iden ti cal rocks emerge from the pluton in
the Greenbush area where they are in con tact with wackes of the
Vassalboro For ma tion (Osberg et al., 1985).

Three mem bers have been rec og nized in the Danforth area, 
and are la beled Ovf1, Ovf2, and Ovf3 on the ac com pa ny ing maps, 
in or der of de creas ing age.  Ovf1 con sists al most en tirely of
chalky white weath er ing, green ish gray cryptocrystalline vol ca -
nic rock, but in a few ex po sures, these rocks are pale red.  Bed -
ding is only rarely iden ti fi able; when pres ent it is re vealed by
slight dif fer ences in grain size and weath ered color.  These rocks
are brit tle, ex tremely hard, and sup port the elon gate ridge lo cally 
named Owl Moun tain and Stet son Moun tain in the Danforth
quad ran gle, as well as Bow ers Moun tain and Tolman Hill in the
Spring field quad ran gle.  They also un der lie Baker, Bennett, and
Howard Ridges in the Danforth quadrangle.

In a unit as ho mo ge neous as Ovf1, a few “strange” rock
types stand out sharply.  Coarser (up to 2.5 cm long) fragmental
vol ca nic rocks are pres ent in some out crops, and prob a bly rep re -
sent ashflow tuffs de pos ited along with the ashfall tuff (and
lava?) that make up most of the mem ber.  Frag ments are largely
endogenetic, but a few sed i men tary clasts are also pres ent.  Two
dif fer ent types of spots are pres ent in the cryptocrystalline rocks
of Ovf1.  Small (0.5mm) ovoid spots prob a bly rep re sent lapilli
flat tened dur ing com pac tion, and slightly larger (0.75-1.0 mm)
spots prove to be euhedral to subhedral ferroan car bon ate
rhombs.  Sed i men tary rocks are rare, and con sist of car bo na -
ceous pelite and saccharoidal volcanogenic arenites.

Petrographic ex am i na tion of Ovf1 is ham pered by its small
grain size.  Most of the rocks con sist of cryptocrystalline ag gre -
gates of su tured quartz and feld spar, al though there are a few
microporphyries with euhedral quartz and feld spar pheno crysts.
Chem i cal anal y ses of five sam ples from Ovf1 show that the rocks 
are rhyolites and rhyodacites.

Ovf2 is one of the most dis tinc tive units in the re gion, and
con tains sev eral unique rock types.  The di ag nos tic li thol ogy is a
mas sive, fine-grained, dark gray to black rock with abun dant
euhedral mag ne tite octahedra.  It is as so ci ated with beau ti fully
banded iron-for ma tion con sist ing of al ter nat ing red, he ma -
tite-rich lay ers in which there are few mag ne tite crys tals, and
black, mag ne tite-rich lay ers rich in man ga nese ox ides and hy -
drox ides.  Also pres ent are thinly (1 to 2.6 cm) bed ded
manganiferous siltstone and pelite, and mi nor ashflow tuffs.
Some of the siltstones con tain 1.0 mm spher i cal ag gre gates of
ferroan car bon ate that dis play a strongly de vel oped ra dial struc -
ture.  Rock types and tex tures found in Ovf2 are re mark ably sim i -
lar to some col lected in New Bruns wick along the Trans-Can ada
High way near Tem ple, in rocks as signed to the red
manganiferous chert mem ber of the Up per Tetagouche
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volcanics (Caradocian; Venugopal, 1979).  The dif fer ences are
ap par ently due to a more com pli cated diagenetic and
metamorphic history for the rocks of the Danforth area.

Ovf3 com prises the bulk of the fel sic vol ca nic unit, and
con tains a more var ied lith o logic as sem blage, in clud ing a large
pro por tion of volcanogenic sed i men tary rock.  It also has the
coars est grained vol ca nic ma te rial in Ovf.  The dif fer ences make
it much eas ier to iden tify orig i nal lay er ing/bed ding than in Ovf1.
Rock types iden ti fied in Ovf3 in clude:  cryptocrystalline
rhyolites and rhyodacites iden ti cal to those in Ovf1;
microporphyries in which 0.5 to 3.0 mm pheno crysts of
subhedral feld spars and rounded or embayed quartz are set in a
fine-grained to cryptocrystalline ma trix; clast-sup ported con -
glom er ates com posed mostly of vol ca nic frag ments; vol ca nic
ag glom er ate sim i lar to the con glom er ate, but with a rhyodacitic
ma trix; lithic and quartzofeldspathic arenites; coarse-grained
pink ag glom er ate with red chert, red tuff, and gray chert frag -
ments up to 0.5 m in length; small lenses of car bo na ceous pelite.
In two localities, thin basalt flows (?) have been observed.

Petrographic ex am i na tion shows that shard out lines are
pre served in sev eral of the Ovf3 fragmental rocks, as are col -
lapsed pum ice frag ments and lapilli.  Scour-and-fill fea tures and
flame struc tures at the Ovf2/Ovf3 con tact pro vide the vi tal fac ing
ev i dence for the vol ca nic sec tion, as do dis tinc tive frag ments of
Ovf2 in cor po rated in coarse Ovf3 ag glom er ates.  The bas alts dis -
play a well de vel oped pri mary flow foliation of feldspar laths.

Age and Cor re la tion.  No new fos sil lo cal i ties have been
found in Ovf, and its Caradocian age is based on graptolites from 
an out crop of car bo na ceous pelite just north of Danforth
(Larrabee and Spencer, 1963) and from the Tolman Hill fos sils
de scribed above.  This age and the lith o logic as sem blage in di -
cate cor re la tion with the Tetagouche vol ca nic pack age of the
Miramichi anticlinorium in Can ada (Fyffe, 1982), and with vol -
ca nic rocks of the Weeksboro-Lunksoos Lake anticlinorium to
the northwest.

Ovf re cords an im por tant ep i sode of pyroclastic erup tive
ac tiv ity ac com pa nied by lava flows, and fits tem po rally into the
mid-Or do vi cian vol ca nism de scribed through out the North ern
Ap pa la chians.  It dif fers, how ever, in that mafic rocks are al most
to tally ab sent, whereas bas alts com prise sig nif i cant parts of
other Caradocian vol ca nic tracts in the re gion—in clud ing in the
Canadian Miramichi to the northeast.

Prentiss Group.  The Baskahegan Lake For ma tion and Up -
per Tetagouche Group are over lain, ei ther un con form ably or tec -
toni cally, by a com plex as sem blage of clastic rocks de scribed
pre vi ously by Hopeck (1989) and Ludman (1988), and here
grouped in for mally as the Prentiss Group, af ter the town ship in
which these rocks are well ex posed.  The Prentiss Group rep re -
sents a sed i men tary cover se quence eroded from the older
Miramichi rocks; clasts eas ily rec og niz able as com ing from the
Baskahegan Lake For ma tion and the vol ca nic rocks of Ovf (in -
clud ing Ovf2) have been iden ti fied in the coarser grained con -
glom er ates.  De tailed map ping by Hopeck in the east ern part of
the Wytopitlock quad ran gle has led to much of the new in ter pre -

ta tion pre sented here and has been confirmed by this past
summer’s mapping.

Mill Priveledge Brook For ma tion (SOmp).  The Mill
Priveledge Brook For ma tion is the old est unit in the Prentiss
Group.  It con sists for the most part of lithic sand stones and gran -
ule con glom er ates interbedded with car bo na ceous pelite.  The
sand stones and grits con tain quartz, feld spars, and a va ri ety of
lithic frag ments in sizes rang ing from 0.25 mm to about 5 mm.
De spite the rel a tively fine grain sizes, sev eral dif fer ent kinds of
vol ca nic rock, all fa mil iar from stud ies of Ovf, are rep re sented in 
the clast pop u la tion.  Euhedral py rite cubes up to 1 mm on edge
are sparsely dis trib uted in the grits and sand stones, and are not
much more abun dant in the pelitic interbeds.  Slates as so ci ated
with the coarser rocks are gen er ally car bo na ceous, but are not as
sooty as those of Or.

Bed ding style and thick ness are vari able.  Some beds of
both sand stone/grit and slate are mas sive, with lit tle change in
com po si tion or grain size, and reach thick nesses of 75 cm.  The
slate beds are strongly cleaved, and in many in stances it is dif fi -
cult to iden tify bed ding in slates where the cleav age is well de -
vel oped.  Many beds are graded, how ever, with coarse grit at the
base pass ing through sand stone into car bo na ceous slate tops.
These beds range in thick ness from 2 cm to nearly 1 m.

Cob ble con glom er ates with a highly car bo na ceous ma trix
crop out in Baskahegan Stream in the Danforth quad ran gle near
the stream that drains the Hot Brook lakes, and I ten ta tively in ter -
pret these as a more prox i mal fa cies of the Mill Priveledge Brook 
For ma tion.  The con glom er ate is ma trix sup ported and con tains
mod er ately well rounded clasts rang ing from 2.5 cm to 35 cm in
di am e ter.  In ad di tion to the vol ca nic clasts com mon to the finer
grained grits, sand stone frag ments ap par ently de rived from the
Baskahegan Lake For ma tion are also present in this
conglomerate.

Age and Cor re la tion.  The pres ence of clasts from Ovf and
the Baskahegan Lake For ma tion at least in di cate that the Mill
Priveledge Brook rocks are youn ger than the Caradocian vol ca -
nic suite.  I have found scraps of grap to lit ic ma te rial in two out -
crops, but noth ing yet that was worth send ing for iden ti fi ca tion.
Map ping by Hopeck in the Wytopitlock and Spring field quad -
ran gles shows that the Mill Priveledge Brook For ma tion
interfingers lo cally with micrite and sand stone of the Carys Mills 
For ma tion.  This in di cates a Late Or do vi cian to Early Si lu rian
age for the Mill Priveledge Brook Formation.

It is tempt ing to cor re late rocks of the Mill Priveledge
Brook For ma tion with the Belle Lake Slate of New Bruns wick, a
sim i lar pack age of car bo na ceous slate and lithic wacke eroded
from the Tetagouche vol ca nic pile (Venugopal, 1978; Fyffe,
1982).  Fyffe et al. (1983) re port a Caradocian age for the Belle
Lake Slate, sug gest ing that the for ma tion formed by ero sion of
newly emer gent vol ca nic is lands.  It is cer tainly pos si ble for the
Mill Priveledge Brook For ma tion to ex tend back as far as
Caradocian times, but it must have been de pos ited fol low ing
Mid dle Caradocian fold ing of the Baskahegan Lake and Upper
Tetagouche strata.

Allan Ludman

10



Sam Rowe Ridge For ma tion (SOsr).  The Mill Priveledge
Brook For ma tion is over lain, ap par ently con form ably, by the
me dium gray sand stones, siltstones, and non-car bo na ceous
slates of the Sam Rowe Ridge For ma tion.  Beds are gen er ally
thin (2.0-8.0 cm) and well graded with nearly equal amounts of
fine-grained sand stone/siltstone and slate.  Sand stones of the
Sam Rowe Ridge For ma tion con tain few lithic frag ments, per -
haps be cause of their grain size, are quartzofeldspathic, and
weather gray or chalky buff de pend ing on quartz:feld spar ra tio.
Most of the for ma tion is rel a tively fine-grained, sug gest ing de -
creased re lief in the source area com pared with the Mill
Priveledge Brook source, or an orig i nally more dis tal lo ca tion in
the depositional ba sin.  In the vi cin ity of Tar Ridge in the NE cor -
ner of the Spring field quad ran gle, graded sets of the Sam Rowe
Ridge For ma tion con tain small py rite and an ker ite crys tals and
weather to a unique li mo nite-spot ted ap pear ance.  Nei ther pyrite
nor carbonate are abundant elsewhere in the formation.

New ex po sures in the north west part of the Scrag gly Lake
quad ran gle and south west part of the Danforth quad ran gle re -
veal coarse grit and con glom er ate ho ri zons in ter spersed with the
more fine-grained sand stones and siltstones of the Sam Rowe
Ridge For ma tion.  Dis rupted bed ding be neath the con glom er -
ates sug gests that the coarse rocks were emplaced as de bris
flows.  In ad di tion to the con glom er ates, a few beds of vol ca nic
rock are also found within the Sam Rowe Ridge For ma tion, but
amount to less than 1% of the unit.  These are gen er ally or -
ange-brown weath er ing, fine-grained ba saltic flows or tuffs, but
some coarser ashflow tuffs have also been observed.

The ab sence of car bo na ceous pelite and grits clearly dis tin -
guishes the Sam Rowe Ridge For ma tion from the un der ly ing
Mill Priveledge Brook For ma tion.  The Sam Rowe Ridge For -
ma tion is less feldspathic, finer grained, and gray, dis tin guish ing
it from the sim i larly bed ded but chalky weath er ing green rocks
of the over ly ing El len Wood Ridge For ma tion.  An other char ac -
ter is tic of the rocks of the Sam Rowe Ridge For ma tion is that the
pelite tops of graded beds are com monly bur rowed.  Long
(7.5—2 cm) rel a tively straight bur rows with one or two branches 
are found on many bed ding planes, and have not been found in
the other units of the Prentiss Group.

Age and Cor re la tion.  Con straints on the age for the Sam
Rowe Ridge For ma tion are that it must be youn ger than the Mill
Priveledge Brook For ma tion and older than the El len Wood
Ridge For ma tion, and also older than the Daggett Ridge For ma -
tion (Si lu rian-De vo nian).  A Si lu rian age is most prob a ble, but I
have played it safe by sug gest ing an Or do vi cian-Si lu rian age.
Nei ther the Sam Rowe Ridge nor the El len Wood Ridge rocks
have close cor re la tives in the adjacent Canadian Miramichi.

El len Wood Ridge For ma tion (SOew).  The El len Wood
Ridge For ma tion con sists of chalky weath er ing, green ish gray
feldspathic wackes interbedded with green ish gray slates.  Bed
thick nesses are sim i lar to those of the Sam Rowe Ridge For ma -
tion, but are more vari able at a sin gle out crop so that the for ma -
tion does not seem as rhyth mi cally or reg u larly bed ded as the
Sam Rowe Ridge For ma tion.  Grain size is also not as uni form as

in the Sam Rowe Ridge For ma tion, and graded beds com monly
have me dium to coarse sand stones at their bases.  Coarse con -
glom er ates oc cur at sev eral places in the for ma tion, but ap pear to 
be chan nel de pos its rather than re li able strati graphic mark ers.
These con glom er ates con tain clasts up to 50 cm long of fel sic
vol ca nic and hypa bys sal (?) rocks, and a va ri ety of sed i men tary
frag ments.  Some of the clasts are rem i nis cent of wackes of the
Baskahegan Lake For ma tion, but the prov e nance of oth ers is un -
cer tain.  Dense black manganiferous siltstone has been ob served
in two places along Ellen Wood Ridge, but is rare within the
formation.

A thin ho ri zon(s) of tuffaceous fel sic vol ca nic rocks oc curs 
near the up per most ex posed part of the El len Wood Ridge For -
ma tion.  Al though fine-grained, these rocks are fragmental and
made mostly of en dog e nous frag ments in a tuffaceous matrix.

Age and Cor re la tion.  The prob lems with dat ing this for -
ma tion are by now fa mil iar.  The El len Wood Ridge For ma tion is
un con form ably over lain by the Daggett Ridge For ma tion, and
lies con form ably above the rocks of the Sam Rowe Ridge For -
ma tion; not much more can be said.

Par al lels with gross vari a tions in other rocks of the re gion
lead to spec u la tions about pos si ble cor re la tions, ages, and tec -
tonic events.  Smyrna Mills sand stone/pelite se quences are sim i -
lar to those of the Sam Rowe Ridge graded cou plets, but are
thin ner and even finer grained.  The tran si tion up ward from gray
(gen er ally quartzose) to green (quartzofeldspathic) rocks in the
Smyrna Mills For ma tion is mir rored by the Sam Rowe Ridge-El -
len Wood Ridge tran si tion in which, once again, the rocks of the
El len Wood Ridge For ma tion are coarser than the green rocks of
the Smyrna Mills For ma tion (Ssmg).  I cur rently fa vor a model in 
which the Sam Rowe Ridge For ma tion and El len Wood Ridge
For ma tion rep re sent a more prox i mal fa cies of the Smyrna Mills
For ma tion.  An east ern source — the Miramichi volcanic islands
— is indicated.

Daggett Ridge For ma tion (DSd).  Con glom er ates along
Jimmey Moun tain and Daggett Ridge in the Danforth quad ran -
gle were named the Daggett Ridge For ma tion by Larrabee and
Spencer (1963) and Larrabee et al. (1965), but the out crop belt
that they mapped for this for ma tion con tained rocks as signed
here to sev eral other units.  Their maps show the Daggett Ridge
For ma tion cross ing what is now rec og nized as the North
Bancroft fault, and in clud ing what I map as the: Carys Mills
lime stones, Smyrna Mills slate/sand stone se quences, and much
of the Prentiss Group.  My work last sum mer and that by Hopeck
(pers. commun.) sug gest that the  Daggett Ridge For ma tion may
interfinger west ward with the Mill Priveledge Brook For ma tion,
and pos si bly also with the Sam Rowe Ridge and El len Wood
Ridge For ma tions.  An al ter nate ex pla na tion is that the Daggett
Ridge For ma tion lies un con form ably above these units.  I had fa -
vored this lat ter in ter pre ta tion in pre vi ous re ports (Ludman,
1988), but cur rently feel that a fa cies re la tion ship fits the outcrop 
pattern better than an unconformity.

The Daggett Ridge For ma tion, sensu novo, con sists of peb -
ble, cob ble, and boul der con glom er ates interbedded with sub or -
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di nate amounts of slate, siltstone, and sand stone.  It is well
ex posed along Daggett Ridge, on Jimmey Moun tain, in
Baskahegan Stream, and along the Ca na dian Pa cific tracks in the 
Danforth quad ran gle, and across the Mattawamkeag River from
Bancroft in the Wytopitlock quad ran gle.  Un less there are
interbeds of finer grained rocks, it is usu ally dif fi cult to iden tify
bed ding in the con glom er ates.  The rocks are strongly cleaved
and clasts are flat tened par al lel to cleav age, par tic u larly near the
North Bancroft fault.

Con glom er ates in the Daggett Ridge For ma tion are both
clast and ma trix-sup ported.  The ma trix in both types is green,
chlorite-rich, vari ably cal car e ous, and gen er ally quite
fine-grained.  Weath er ing of cal car e ous ma trix ma te rial causes
clasts to stand out in re lief in many out crops, and leads to
disaggregation in some.  Clasts tend to be well rounded in the
finer grained types, more an gu lar in the coars est.  Clast size
ranges from a few cen ti me ters in the fin est grained rocks to over
2 m (yes, me ters) in the coars est rocks ex posed on Jimmey
Moun tain.  At one stage of my map ping I found my self mea sur -
ing strike and dip on what turned out to be a large clast.  Bed ding
within the Daggett Ridge For ma tion is re vealed only by rel a -
tively rare interbeds of green, chloritic slate/phyllite, green ish
grits and gran ule con glom er ates, and even rarer al ter na tions of
green and red sand stones.  The finer grained con glom er ates were 
trans ported and de pos ited by water; the coarser types were
probably debris flows.

Most of the Miramichi stra tig ra phy is rec og niz able as
clasts  in the Daggett  Ridge con glom er ate.   Green
quartzofeldspathic wackes of the Baskahegan Lake For ma tion
com prise much of the clast pop u la tion, as do cryptocrystalline
Ovf1, Ovf2 iron for ma tion, and coarsely fragmental Ovf3 tuffs.
Boul ders of well-bed ded sand stone and slate sim i lar to Sam
Rowe Ridge and El len Wood Ridge lithologies have also been
ob served.  A few clasts of mafic rock are also pres ent, but their
tex tures do not match those seen in Ovm.  Car bo na ceous pelite
clasts have not yet been found, so that Or, OCr, and the Mill
Priveledge Brook For ma tion are ap par ently not rep re sented.
This may, of course, be due to the relatively easy transportation.

Age and Cor re la tion.  At last, some fos sils!  Larrabee and
Spencer (1963) re ported fos sils from an out crop in Baskahegan
Stream, and later de scribed them as “Si lu rian” (Larrabee et al.,
1965).  It was not clear from their de scrip tion whether the fos sils
(brachi o pods) were from the con glom er ate ma trix or clasts.
Lum ber roads in the north west cor ner of the Danforth quad ran -
gle have ex posed a few more fos sil lo cal i ties from which I re cov -
ered pieces of brachi o pods and rugose cor als.  These are
as sur edly from the ma trix of the con glom er ate, but were not par -
tic u larly use ful as age in di ca tors.  A Si lu rian through Early De -
vo nian age is thus pos si ble for the Daggett Ridge For ma tion.  It is 
tempt ing to sug gest a Late Si lu rian age so that the for ma tion
could be cor re lated with other con glom er ates in east ern Maine
whose de po si tion dur ing that time is taken as in di cat ing the
Salinic Dis tur bance—and clearly I am tempted enough to men -
tion the pos si bil ity.  Sim i lar rocks in the Ca na dian Miramichi

near the Maine border are mapped as the Pocowogamis
Conglomerate (Lutes, 1979).

Un named Con glom er ates and Slates (DScgl).  Coarse con -
glom er ates interbedded with gray slate and siltstone crop out in
the north west cor ner of the Scrag gly Lake quad ran gle and south -
west part of the Danforth quad ran gle, and are among the most
prob lem atic rocks in the study area.  In pre vi ous years I had
lumped them with Ovf as the youn gest mem ber of that for ma tion
(Ludman, 1985), and rec og nized that they cross cut con tacts be -
tween the older mem bers.  I now think that they, like the Daggett
Ridge For ma tion, lie un con form ably above the Or do vi cian vol -
ca nic sec tion and are prob a bly Silurian to Early Devonian in age.

The con glom er ates are finer grained than all but the fin est
of the Daggett Ridge con glom er ates, but still con tain clasts up to
15 cm across.  Most of the clasts are of vol ca nic rock types com -
mon in Ovf, al though some slate chips and sand stone frag ments
are also pres ent.  The ma trix of these con glom er ates is strik ingly
dif fer ent from that of the Daggett Ridge For ma tion: a tightly in -
ter lock ing mo saic of quartz, feld spar, and mi nor cal cite in some
places, an ap par ently cherty ma te rial in oth ers.  I have won dered
whether some of these might in deed be vol ca nic ag glom er ates,
but tex tures generally suggest a sedimentary origin.

Interbedded slates and siltstones are me dium gray and
weather gray, sug gest ing a rel a tively low feld spar or ash con tent. 
They oc cur in reg u larly bed ded graded se quences 10-20 cm
thick, and ex hibit lit tle fo li a tion of the fine-grained mica flakes
that are pres ent.  Cleav age is strongly de vel oped in the slates and
passes into a broadly spaced joint ing in the siltstones.

This unit seems to have been un usu ally lit tle de formed,
with ev i dence for only one set of rel a tively open folds.  It is cer -
tainly not as tightly folded as rocks of Suite IIIa, and the lack of a
fo li a tion par al lel to bed ding in di cates that it has not been sub -
jected to the same in tense iso cli nal re cum bent fold ing as the
volcanic sequence.

Un named Lime stone Con glom er ate (DSc).  This un named
con glom er ate is one of the most dis tinc tive lithologies in the en -
tire study area, but is best ex posed only in a small area be tween
U.S.  Route 1 and the Pokiok pluton north east of Danforth.  The
unit con sists of buff-weath er ing, gray and white lime stone and
dolostone clasts in a dolomitic to cal car e ous and ar gil la ceous
ma trix.  In the au re ole ex po sures, the clasts are recrystallized to
white mar ble and the ma trix to actinolite-bear ing calc-sil i cate
granofels.  Clasts range up to 20 cm in di am e ter and are typ i cally
well rounded.  The con glom er ate seems to be come more
polymictic to ward the south west, and ex po sures near Croperly
Turn con tain fel sic vol ca nic frag ments as well as lime stone and
dolostone.  Larrabee et al. (1965) re ported that a brachi o pod
from one of the clasts was of Si lu rian age, suggesting a
Siluro-Devonian age for the conglomerate.

Age and Cor re la tion.  There are no ex posed lime stones or
dolostones in the study area that could have been the source for
this con glom er ate, but the Can ter bury Lime stone (Si lu rian-De -
vo nian) of New Bruns wick was de pos ited at about the same time
(Venugopal, 1979; Lutes, 1981) and may well be related.

Allan Ludman
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Fred er ic ton Trough

Two im por tant changes have been made in my in ter pre ta -
tion of the stra tig ra phy of the Fred er ic ton trough.  One is the dis -
cov ery by Les Fyffe of pelites of prob a ble Or do vi cian age
ex posed as a fault slice within rocks of the Flume Ridge For ma -
tion in New Bruns wick just east of the in ter na tional bound ary.
These have now been traced into the Kellyland and Waite quad -
ran gles, and prob a bly rep re sent part of the base ment be neath the
Flume Ridge For ma tion.  The sec ond is the rec og ni tion that the
Pocomoonshine Lake For ma tion, hith erto as signed to the
Cookson Group of the St. Croix terrane, is struc tur ally and
stratigraphically more log i cally part of the Fred er ic ton trough
suite and lies below the Digdeguash Formation.

The Fred er ic ton trough terrane in Maine is now thought to
con tain five dis tinctly dif fer ent for ma tions, none of which are
fossiliferous.  Age con straints for these units are not very tight,
and are dis cussed in de tail in Ludman (1990) and Ludman and
Hill (1990).  As shown in Fig ure 3, un con formi ties are in ferred
to sep a rate sev eral of the for ma tions from one another.

Un named Pelitic Rocks (Opx).  This newly dis cov ered
for ma tion con sists for the most part (80%) of me dium to light
gray slate with sub or di nate thin siltstone laminae.  Lay er ing is
gen er ally very thin, com monly 2-5 mm.  Con tacts be tween
siltstone and pelite lay ers are sharp in most in stances, and grain
size in each layer is uni form.  I am not cer tain that this
compositional lay er ing is pri mary, al though in some ex po sures it 
par al lels thicker lay ers of sand stone.  The sand stones form at
most 20% of the for ma tion and su per fi cially re sem ble those of
the sur round ing Flume Ridge For ma tion in that they are faintly
cal car e ous.  They lack, how ever, the char ac ter is tic de tri tal mus -
co vite flakes and weather gray rather than the or ange-brown
color typ i cal of the ankeritic and pyritiferous sand stones of the
Flume Ridge For ma tion.  Opx sand stone beds range from 2 to 8
cm in thick ness and ap pear to be ran domly interspersed within
the dominant slate/siltstone sequence.

Struc tural and meta mor phic fea tures dis tin guish Opx from
the sur round ing rocks of the Flume Ridge For ma tion.  Lay er ing
in Opx is uni formly gently dip ping—al most hor i zon tal in sev -
eral ex po sures and never more steeply in clined than 30o.  This is
in marked con trast with all other rocks ex posed within the Fred -
er ic ton trough, whose at ti tudes rarely de vi ate by more than 20o

from ver ti cal.  Opx dis plays ev i dence for three ep i sodes of de for -
ma tion com pared with the sin gle pen e tra tive event re corded in
the Flume Ridge, Digdeguash, and Pocomoonshine Lake For -
ma tions.  The thin laminae are tightly and re cum bently folded in
struc tures vis i ble at the scale of a sin gle out crop; not enough out -
crops have been mapped to de ter mine the larger-scale sense of
this de for ma tion.  Thin sec tions re veal that a well de fined fo li a -
tion is de formed by the re cum bent folds as well as the lay er ing.
This fo li a tion is de fined by par al lel align ment of fine-grained
mus co vite and bi o tite flakes.  It is in vari ably par al lel to the
laminae, sug gest ing that the lay er ing is a trans posed fab ric rather 
than bed ding and that at least one ep i sode of fold ing ac com pa -

nied by re gional meta mor phism pre ceded the re cum bent fold ing
event.  Gently plung ing, open folds fur ther de form the fo li a tion,
lay er ing, and recumbent folds in Opx, and correspond to the
folding seen throughout the rest of the Fredericton trough.

As cited above, the pres ence of re gional meta mor phic bi o -
tite im me di ately dis tin guishes Opx from the rest of the Fred er ic -
ton trough—in deed, from any of the strata now known in east ern
Maine.  Rocks rang ing from Cam brian through Early De vo nian
age in east ern Maine are in vari ably meta mor phosed to con di -
tions of the lower greenschist fa cies, re gard less of their age or
the num ber of de for ma tions they have ex pe ri enced.  Or do vi cian
rocks of the Miramichi anticlinorium in north-cen tral New
Bruns wick, how ever, ex hibit as sem blages in dic a tive of am phi -
bo lite fa cies meta mor phism.  The fact that Opx con tains ev i -
dence for two ep i sodes of fold ing and one of re gional
meta mor phism that is not con tained in any of the Fred er ic ton
trough strata, cou pled with its dis tri bu tion along a branch of the
Norumbega fault zone, sug gests that this for ma tion has been up -
lifted from a po si tion be low the Fred er ic ton trough strata.  An
Or do vi cian age is ten ta tively as signed to these pelites, based on a 
similarity to Op.  There is no constraint at all on its maximum
age.

Pocomoonshine Lake For ma t ion (SOp).   The
Pocomoonshine Lake For ma tion crops out in the Big Lake and
Calais quad ran gles, and is not shown on the ac com pa ny ing
quad ran gle maps.  I now con sider this for ma tion to form the base
of a con tin u ous se quence ex posed along the east ern mar gin of
the Fred er ic ton trough that in cludes the Digdeguash and Flume
Ridge For ma tions.  The Pocomoonshine Lake For ma tion is a se -
quence of dark gray to black, vari ably car bo na ceous pyritiferous
slate interbedded thinly (5 mm-10 cm) with quartzofeldspathic
siltstone and sand stone in well graded beds.  The sand stones are
noncalcareous, and gen er ally fine-grained.  The rusty weath ered
sur faces typ i cal of sulfidic black slates are pres ent in nearly all
out crops.  Car bon con tent var ies within the pelites, but no where
are the rocks as soft and sooty as in the Cookson Group of the ad -
ja cent St. Croix belt.  Less car bo na ceous va ri et ies con tain well
fo li ated grains of white mica re sult ing in a phyllitic sheen absent
from the darker types.

The Pocomoonshine Lake For ma tion is well ex posed
along the east shore of Pocomoonshine Lake and ex tends east -
ward to its fault con tact with the Wood land and Kend all Moun -
tain For ma tions of the Cookson Group.  An out crop ex posed in
the south east ern cove of Pocomoonshine Lake only at low wa ter
con tains Pocomoonshine Lake and Digdeguash lithologies, ap -
par ently interbedded in nor mal strati graphic con tact.  This sug -
gests that the two are in gradational con tact with one another.

Digdeguash For ma tion (Sd).  The Digdeguash For ma tion
is a thick se quence of gen er ally very well graded beds con tain ing 
lithic gran ule con glom er ates or graywackes at their bases and
pass ing up wards into me dium gray slate tops.  Turbidite fea tures
abound, in clud ing com plete and sev eral dif fer ent types of in -
com plete Bouma se quences.  Bot tom fea tures such as load casts,
scour-and-fill, and flame struc tures are com mon, and nearly ev -
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ery out crop pro vides fac ing in for ma tion.  The for ma tion con sists 
of a very sim ple lith o logic as sem blage, but bed thick ness and
pro por tions of psam mite and slate vary so widely that the
Digdeguash For ma tion does not have a uniform appearance
throughout its outcrop area.

Beds range from 1 cm to about 2.5 m.  The grits and wackes
weather buff to pale gray de pend ing on feld spar con tent, and the
slates weather dull gray, lead ing to a dis tinc tive color gra da tion
in well graded beds.  Some ho ri zons are ho mo ge neous, and may
be en tirely com posed of slate or grit, but most con tain both pelite
and a coarser clastic rock in ter ca lated in well graded beds.  Orig i -
nal tex tures are well pre served in low-grade out crops, and the
fol low ing clasts are abun dant: quartz, plagioclase, fel sic vol ca -
nic rock, hypa bys sal fel sic rock (quartz + plagioclase; quartz +
perth ite; quartz + perth ite + mus co vite), and polycrystalline
quartz.  A few mus co vite+chlorite+quartz+feld spar clasts have
also been ob served in the coarsest Digdeguash Formation grits.

In high-grade ex po sures, the Digdeguash For ma tion re -
mains dis tinc tive, and small changes in ini tial bulk com po si tion
are height ened by recrystallization.  Graded bed ding is rec og niz -
able and “read able” into the sillimanite zone.  The for ma tion is
char ac ter ized by the de vel op ment of large chiastolitic an da lu site
prisms, some as long as 20 cm.  The Digdeguash For ma tion has
un der gone con tact meta mor phic anatexis ad ja cent to the
Pocomoonshine gab bro-diorite, and ap pears there as a
migmatite.  A melanosome com posed of sillimanite-bi o tite æ
mus co vite is in jected by a min i mum-melt leucosome in, lo cally,
a swirled irregular pattern or a gneissic banding.

Flume Ridge For ma tion (DSf).  The Flume Ridge For ma -
tion is one of the most ex ten sive in the map area, sec ond only to
the Ma drid For ma tion of the cen tral Maine se quence.  In chlorite
grade ex po sures, the Flume Ridge For ma tion con sists of vari -
ably, but al most al ways at least slightly cal car e ous, uni formly
fine-grained quartzofeldspathic wackes interbedded with cal -
car e ous and non-cal car e ous siltstone and only small amounts of
non-cal car e ous pelite.  Finely dis sem i nated py rite and/or an ker -
ite grains weather to give the for ma tion a dis tinc tive ap pear ance:
a punky or ange-brown weath er ing rind sur round ing a light to
me dium gray fresh in te rior.  The wackes are also char ac ter ized
by large (eas ily vis i ble with the unaided eye) detrital muscovite
flakes.

In the bi o tite zone and higher grades of meta mor phism, the
Flume Ridge For ma tion is con verted to a dense, pur plish gray,
biotitic quartz-feld spar granofels with more cal car e ous lay ers
be com ing calc-sil i cate granofels.  Al ter na tion of calc-sil i cate
and quartz-feld spar-bi o tite lay ers gives the for ma tion a dis tinc -
tive “ze bra-striped” ap pear ance.  A ribbed weath ered sur face is
com mon in both high- and low-grade exposures.

Age and Cor re la tion of Fred er ic ton Trough Rocks.
Rocks of the Flume Ridge For ma tion are sim i lar in li thol ogy and
weath ered ap pear ance to those of the Ma drid For ma tion, but are
com monly thin ner bed ded.  They are also sim i lar to the cal car e -
ous rocks of the Hartin For ma tion, but lack the as so ci ated lime -
stone con glom er ates.  They can be traced, al most con tin u ously,

into rocks mapped in cen tral Maine as the Late Or do vi cian-Early 
Si lu rian Vassalboro For ma tion (Osberg, 1980), and in south cen -
tral Maine as the Bucksport For ma tion (Osberg et al., 1985).  The 
Digdeguash For ma tion, in con trast, is re stricted to the eastern
Maine-southwestern New Brunswick area.

Un named Red Con glom er ates, Mudstones, Sand stones
(CDm).  Small sliv ers of red, unmetamorphosed con glom er ate,
sand stone, and mi nor mudstone are ex posed in the Fred er ic ton
trough along the traces of some of the in di vid ual mem bers of the
Norumbega fault zone.  These in clude cob ble con glom er ates,
mas sive arkosic and lithic sand stones, cross-bed ded sand stones,
and finely lam i nated mudstones.  The most abun dant clasts are
fel sic vol ca nic frag ments and green wackes typ i cal of the
Baskahegan Lake For ma tion.  Other clasts ap pear to have been
de rived from a slightly older, also unmetamorphosed set of
redbeds.  None of the clasts ap pear to have been de rived from the
Flume Ridge For ma tion within which the redbeds are now
located.

These red con ti nen tal rocks are in ter preted as post-Aca -
dian molasse de pos its de rived from up lifted Miramichi strata,
and may have formed a more ex ten sive blan ket be fore late
dip-slip mo tion on the Norumbega fault sys tem and sub se quent
ero sion pre served them in their present position.

St. Croix Belt

The St. Croix belt stra tig ra phy has un der gone two im por -
tant changes: (1) the Pocomoonshine Lake For ma tion has been
re as signed to the Fred er ic ton trough, leav ing only three for ma -
tions in the Cookson Group; and, (2) graptolites found by Fyffe
in the Kend all Moun tain For ma tion prove that unit to be Mid dle
Caradocian in age and thus youn ger than the Calais For ma tion
rather than older as I in di cated in pre vi ous re ports (e.g. Ludman,
1987).  This, in turn, re quired in ver sion of the en tire Cookson
Group se quence to that shown in Figure 3, above.

Calais For ma tion (OCc).  The Calais For ma tion is now
known to be the old est for ma tion in the Cookson Group.  It con -
sists of three dis tinc tive mem bers, best ex posed in the St. Croix
River at Calais-St. Ste phen.  The up per most of the three is a very
sooty, black, highly car bo na ceous slate/phyllite with abun dant
py rite cubes but very lit tle interbedded sand stone or siltstone.  It
is trace able to Cookson Is land, type lo cal ity of the for mer
Cookson For ma tion, but with el e va tion of the name Cookson to
group sta tus, the new name had to be coined.  Con tact meta mor -
phism in the type lo cal ity has pro duced many round cordieritie
porphyroblasts and a few small andalusite prisms.

The mid dle mem ber is a col lec tion of metabasalts in clud -
ing well pil lowed and mas sive va ri et ies, all of which are
tholeiitic.  De spite meta mor phic recrystallization to
actinolite-plagioclase green stones, con cen tric and ra dial pil low
struc tures are pre served.  Sed i men tary ma te ri als be tween the pil -
lows or mas sive ba salt lay ers are black shales com pa ra ble to
those of the upper member.
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The low est mem ber is a thinly lay ered as sem blage of pink
coticule and bi o tite-quartz-feld spar granofels.  There is some
doubt about whether this mem ber ac tu ally be longs with the oth -
ers be cause of (1) a gap in the oth er wise nearly con tin u ous sec -
tion and (2) dis rup tion of the lay er ing sug ges tive of faulting.

Wood land For ma tion (Ow).  The Wood land For ma tion
con tains nearly equal amounts of quartzofeldspathic wacke
interbedded in well graded sets with both car bo na ceous and
non-car bo na ceous pelites.  Py rite is pres ent in both psammites
and pelites, and the for ma tion ac cord ingly ex hib its a typ i cal
rusty weath er ing ap pear ance.  The wackes are of more uni form
grain size than the arenites of the un der ly ing Kend all Moun tain
For ma tion and are better graded.  Sand stone/pelite cou plets
range from 2 mm to 50 cm, but most are be tween 2 and 20 cm.
Soft-sed i ment slump ing and dis rup tion of bed ding have been
iden ti fied in sev eral out crops of the Wood land For ma tion.  Al -
though the vast ma jor ity of out crops of the Wood land For ma tion
is non-cal car e ous, one ho ri zon of calc-sil i cate (gar net-di op -
side-actinolite-cal cite) was discovered near the type locality.

Kend all Moun tain For ma tion (Ok).  The Kend all Moun -
tain For ma tion is an as sem blage of sev eral kinds of sand stone
with sub or di nate pelite and a sin gle(?) ho ri zon of fel sic tuff near
its base.  The up per por tion of the for ma tion is mostly me dium
bed ded (10-50 cm) quartz and quartz-feld spar arenite as so ci ated
with thin siltstone/black shale cou plets sim i lar to those of the un -
der ly ing Pocomoonshine Lake For ma tion.  Spec tac u lar
soft-sed i ment struc tures, in clud ing ball-and-pil low fea tures are
abun dant in this por tion.  A few 1-2 m thick beds of lithic peb ble
con glom er ates (chan nel de pos its?) oc cur near the high est ex -
posed part of the for ma tion, and contain a variety of felsic
volcanic rock fragments.

The mid dle part of the unit is al most en tirely com posed of
mas sive quartz arenites and quartzofeldspathic arenites in beds
up to 2 m thick.  Ho mo ge neous grain size and com po si tion make
it dif fi cult to iden tify bed ding in many in stances.  Beds are most
clearly de fined by sparse lay ers of black, sooty car bo na ceous
shale/slate up to 1 m thick.  It was one of these beds that yielded
the fos sils in New Brunswick.

The lower part of the Kend all Moun tain For ma tion is sim i -
lar to the up per, but its sand stones have a more ar gil la ceous ma -
trix than that of the lower arenites.  The Kend all Moun tain
For ma tion passes down ward into the Wood land For ma tion with
an in crease in amount of ar gil la ceous ma te rial in the sand stones.
Chalky white weath er ing cryptocrystalline fel sic vol ca nic rocks
oc cur in a 10 m thick ho ri zon near the top of the for ma tion.  Pre -
lim i nary chem i cal stud ies in di cate that these rocks are
rhyodacites, and al though orig i nal tex tures are not well pre -
served, a few shards and lapilli have been iden ti fied, in di cat ing a
tuffaceous origin for these volcanic rocks.

DEFORMATION

Rocks of east ern Maine re cord a lengthy and com plex de -
for ma tion his tory, one that dif fers some what from tract to tract.

Pen e tra tive fold ing events rang ing from Cambro-Or do vi cian(?)
through Early De vo nian have been iden ti fied; the pre-Si lu rian
events are now rec og nized in the Miramichi and St. Croix belts,
and in Opx within the Fred er ic ton trough as well.  Faults are
much more abun dant and sig nif i cant than thought by pre vi ous
work ers.  Their clas si fi ca tion and timing are indicated in Figure
4.

Pre-Si lu rian De for ma tion

Miramichi Terrane. Rocks of the Miramichi terrane have
been sub jected to at least one and prob a bly two ep i sodes of fold -
ing and some fault ing prior to de po si tion of the Prentiss Group.
Ev i dence for these events is found in the Baskahegan Lake For -
ma tion, the Up per Tetagouche Group, and in clasts in Prentiss
Group con glom er ates that ex hibit cleav ages and mylonitic fab -
ric dis tinctly dif fer ent from those of the Prentiss Group itself.

Rocks of Ovf have been re cum bently folded prior to de po -
si tion of the Prentiss Group.  This is in di cated by the com plex
map pat tern shown in the Danforth quad ran gle (mod i fied af ter
Sayres, 1986).  The map pat tern of the Baskahegan Lake For ma -
tion and of the pre-Ovf units of the Up per Tetagouche Group
sug gests that these too were in volved in the early fold ing.  The
early re cum bent folds were in turn folded by the same up right
struc tures that de form Si lu rian and Early De vo nian rocks.  The
age of re cum bent fold ing of the Tetagouche Group is brack eted
by the ages of de formed units and those un af fected by this event.
Ovf is ap par ently the youn gest for ma tion thus de formed, and is
of Caradocian (late Mid dle Or do vi cian) age.  The Prentiss
Group, whose old est for ma tion interfingers with the Ashgillian
(Up per Or do vi cian) to Llandoverian (Lower Si lu rian) Carys
Mills For ma tion, is not af fected by this ep i sode of fold ing.  The
re cum bent fold ing is thus tightly con strained be tween
Caradocian and Ashgillian times, and is here probably a middle
to late Caradocian event.

Out crops of the Baskahegan Lake For ma tion com monly
con tain ev i dence for sev eral de for ma tions, in clud ing mul ti ple
cleav ages, folded cleav ages, etc.  It is dif fi cult to sort out the ex -
act num ber of events be cause some, such as late-stage fault ing,
pro duced only lo cal ef fects, but the im pres sion is that this for ma -
tion has been more se verely af fected by fold ing than any other in
east ern Maine.  I have pre vi ously thought, and still do, that these
rocks may have been af fected by a de for ma tion dur ing Late
Cam brian or Early Or do vi cian times—some thing com pa ra ble to 
the Penobscot event de scribed by Neuman (1967) in the cor re la -
tive Grand Pitch Formation of the Weeksboro-Lunksoos Lake
tract.

Fred er ic ton Trough. The re cum bent fold ing of Opx has
al ready been de scribed above.  The prox im ity of Ovf to the
Miramichi terrane, the com pa ra ble style of its re cum bent fold -
ing, and the sim i lar ity of Opx to Op lead me to pos tu late (al beit
ten ta tively) a mid dle Caradocian age for the folding of Opx.

St. Croix Terrane.  Rocks of the St. Croix terrane have also
been re cum bently folded prior to de po si tion of Si lu rian strata.
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The en tire Cookson Group (sensu novo) has been de formed into
a se ries of large west-vergent re cum bent folds (see Ludman,
1990; Ludman and Hill, 1990).  The Calais For ma tion is the old -
est unit in the Cookson Group, and is of Tremadocian (Ear li est
Or do vi cian) age.  At Oak Bay, New Bruns wick, it is over lain un -
con form ably by the Oak Bay For ma tion which passes up ward
rap idly into the Waweig For ma tion.  The Waweig For ma tion of
Pridolian age (Up per most Si lu rian) and the Oak Bay For ma tion
are es sen tially a basal con glom er ate.  The youn gest unit in the
Cookson Group, the Kend all Moun tain For ma tion, has been
dated as Mid dle Caradocian as de scribed above.  Re cum bent
fold ing of the St. Croix terrane is there fore bracketed between
Middle Caradocian and Pridolian.

Al though it is tempt ing to as sign this early event to the
same forces that de formed the Miramichi suites in Caradocian
times, there is no other firm ev i dence to link the two ter ranes dur -
ing Or do vi cian times, and such cor re la tion would be dan ger ous.
At this time, I sug gest that the two ter ranes were folded at sim i lar
but not iden ti cal times, and in dif fer ent tec tonic set tings.  Mid dle
Caradocian de for ma tion of the Miramichi terrane was part of the
Taconian ac cre tion of an an cient is land arc sys tem to the North
Amer i can con ti nent (see Hopeck et al., in re view).  The St. Croix
terrane was prob a bly part of a sep a rate Avalonian con ti nent at
that time, sep a rated from the Miramichi terrane (and an ces tral

North Amer ica) by a small ocean ba sin (the Fred er ic ton trough).
Pre-Aca dian re cum bent fold ing of the St. Croix may mark the
on set of subduction of this ocean ba sin, or may in di cate a sweep -
ing up of small microplates by Avalon (see Brock, in prep.).

Si lu rian and Early De vo nian De for ma tion

Aca dian fold ing and fault ing af fected the en tire study area
dur ing Late Si lu rian (?) through Early De vo nian times.  Aca dian
struc tures in clude, in in ter preted se quence of events:  (1) east -
ward thrust ing of the cen tral Maine and Aroostook-Matapedia
tracts;  (2) re gional scale up right fold ing that af fected the en tire
study area;  (3) west ward thrust ing of the St. Croix terrane over
the east ern mar gin of the Fred er ic ton trough;  (4) nor mal and
then high-an gle re verse fault ing along north-trending faults such 
as the Stet son Moun tain, North Bancroft, and South Prince -
ton-Crawford;  (5) lo cal east ward back thrust ing of the Fred er ic -
ton trough over part of the St. Croix belt;  (6) sinistral strike-slip
fault re ac ti va tion of the South Princeton-Crawford fault zone.

The Aca dian orog eny is in ter preted here as re sult ing from
the ac cre tion of the Avalon con ti nen tal block to North Amer ica.
The com plex fault ing that im me di ately fol lowed Aca dian fold -
ing is thought to have been the re sult of transtensional and
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transpressional forces caused by con tin u ing in ter ac tion be tween
Avalon and North Amer ica fol low ing their initial collision.

Tim ing of the Aca dian event is clear-cut in some in stances,
but much less cer tain in oth ers.  In the coastal vol ca nic belt, it oc -
curred af ter erup tion of the Gedinnian (Early De vo nian)
Eastport For ma tion and be fore de po si tion of the Late De vo nian
Perry For ma tion.  Sim i lar tim ing is in di cated in the
Kearsarge-cen tral Maine synclinorium.  Re cent re ports of Si lu -
rian plutons that in trude folds pre vi ously at trib uted to the Aca -
dian orog eny in New Bruns wick (Bevier and Whalen, 1990) and
Maine (Jurinski, pers. commun.) sug gest that early Aca dian
events may have begun in the Late Silurian.

Post-Early Aca dian De for ma tion

The Norumbega fault zone is a ma jor struc tural fea ture of
the study area, and of north ern New Eng land.  It cuts plutons in
cen tral coastal Maine and east ern Maine that are of known Early
De vo nian age, and jux ta poses post-Aca dian molasse de pos its
(CDm) against Aca dian-de formed strata of the Flume Ridge
For ma tion.  Two sig nif i cantly dif fer ent stages of mo tion are now
rec og nized on the Norumbega fault zone in east ern Maine.  The
first stage was one of dextral strike-slip move ment, the second of 
dip-slip offset.

It has been nearly im pos si ble to de ter mine the min i mum
ages of these dif fer ent stages be cause of the ab sence of any rocks 
youn ger than Penn syl va nian (in New Bruns wick) af fected by the 
fault ing.  Seis mic re flec tion pro fil ing (see be low) has pro vided
an ex cel lent im age of the two wes tern most branches of the
Norumbega fault zone south of the Bot tle Lake pluton, and given 
a new view of the his tory of the faults.  The early dextral sep a ra -
tion was prob a bly a con tin u ing ad just ment to the col li sion be -
tween Avalon and North Amer ica.  Fab rics in the plutons sug gest 
that this stage of the fault ing may have be gun prior to em place -
ment and con tin ued through the fi nal stages of cool ing of the
bod ies to tem per a tures at which they be haved brittlely.  This
stage may have be gun in the Early Devonian and continued
through the Carboniferous.

I now be lieve that the dip-slip off set may have been much
later.  Fig ure 5 is a copy of the re flec tion pro file across the Bot tle
Lake pluton and Norumbega fault zone (Fig ure 5a is a lo ca tion
map for the re flec tion tra verse).  The Norumbega fault zone
clearly cuts the en tire crust, off set ting the Moho by as much as .5
sec onds, cor re spond ing to about 1.5 km of ver ti cal sep a ra tion.
Stew art (1989) sug gests that the Moho be neath the North ern Ap -
pa la chians is a Me so zoic fea ture formed by ex ten sion lead ing to
the open ing of the mod ern At lan tic Ocean.  If so, the im pli ca tion
is that the late stage mo tion on the Norumbega post dates the for -
ma tion of this Moho, and must be Mesozoic or younger!

There are other signs of very late fault ing in the re gion.
NW-trending faults are found in all ter ranes.  These are sinistral

strike-slip faults that rarely cause enough mo tion to show off set
of mapped con tacts.  They af fect all rock units, all plutons, and
all struc tures with the pos si ble ex cep tion of the Norumbega fault
zone.  There is lit tle con straint on the ages of these faults; the
clus ter of earth quake epi cen ters along the NW-trending lin ea -
ment that runs up the St. Croix River from Passamaquoddy Bay
sug gests that some of that de for ma tion is still going on.

SEISMIC  REFLECTION  RESULTS

One of the most ex cit ing re cent ad vances in the re gion has
been the com ple tion of a seis mic re flec tion line across the Bot tle
Lake pluton and Norumbega fault zone.  The line was run by
John Costain and Cahit Çoruh of Vir ginia Poly tech nic In sti tute
(Costain et al., 1990) and was ac com pa nied by grav ity anal y sis
of the re gion by Wil liam Doll of Colby Col lege (Doll and Potts,
1990).  I have been col lab o rat ing with these geo phys i cists for the 
past three years in an at tempt to fit the best pos si ble in ter pre ta -
tion to the re sults of the tra verse.  Fig ure 5a shows the lo ca tion of
the seis mic line and Fig ure 5b is a much-re duced line draw ing
showing the most prominent reflectors.

A de scrip tion of the meth ods used to pro cess the data and
dis cus sion of the in ter pre ta tion of the re sults is a pa per in it self,
and is be ing writ ten by our re search group.  I have in di cated
some of our con clu sions on Fig ure 5b and will briefly list them
here.

(1) The floor of the Bot tle Lake pluton is at ap prox i mately
3.5 km be neath the ground sur face.  The ex tremely clear re cord
of the en tire crust be neath the pluton pre cludes any deeper ex ten -
sion of the body.

(2) The up per crust be tween 2 and 4 sec onds (6.4-12.8 km)
depth is very strongly re flec tive.  In the south ern Ap pa la chians
this type of shal low re flec tivity has been in ter preted to in di cate
the pres ence of ma jor de tach ments, gen er ally large-scale thrust
faults.  One pos si ble thrust du plex is in di cated on Fig ure 5b, and
a north west erly vergence di rec tion is inferred for it.

(3) An east-vergent re verse fault ap pears to cut the Bot tle
Lake pluton.  This co mes to the sur face along the pro jec tion of
the North Bancroft fault, and is in ter preted as a very late stage re -
ac ti va tion of that fault.

(4) A change in re flec tive char ac ter of the lower crust, from
about 8 sec onds depth on the left (north) side of the pro file to 4.7
sec onds on the right, is ten ta tively in ter preted as mark ing the
subsurface ex tent of Avalonian crust be neath the Fred er ic ton
trough, Miramichi terrane, and on into the Aroostook-Matapedia 
terrane.  This bound ary pro jects to the sur face at the west ern
edge of the St. Croix terrane, sup port ing this interpretation.

(5) The two branches of the Norumbega fault zone im aged
by our line ap pear to cut the en tire crust and off set the Moho as
shown.
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Fig ure 5a:  Lo ca tion of Bot tle Lake seis mic line.  CBF - Codyville - Bamford Brook fault, CMBF - cen tral Maine bound ary fault, KFZ
- Kingman fault zone, NBF - North Bancroft fault, NFZ - Norumbega fault zone, SMF - Stet son Moun tain fault, SPC - South Prince -
ton - Crawford fault zone.
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Fig ure 5b.  Seis mic re flec tion pro file across Bot tle Lake pluton.  (Au to matic Line Draw ing of unmigrated re flec tion pro file.)  
NFZ = Norumbega fault zone.
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