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EXPLANATION OF MAP UNITS
Igneous (and metaigneous)

F elsic dikes – typically w h ite to lig h t g ray, fine to medium
g rained 2-mica g ranite and aplite.  W eakly foliated in part,
sometimes folded, occasionally g radational with  associated
peg matites (particularly on S muttynose)  * P reliminary date of
~384 M a from small quarry on S tar Island.
Coarse quartz-feldspar-muscov ite peg matite, some containing
g arnet and/or tourmaline up to 6cm long .

M edium-g rained, lig h t g ray to lig h t brow nish  g ray w eath ering ,
w eakly to strong ly foliated 2-mica g neissic g ranite.  Biotite
clots and xenolith s define intrusiv e breccia in tw o localities on
Appledore.   *aw aiting  date from S tar and Appledore Islands

M edium-g rained, lig h t-g ray w eath ering  v ariably
porph yoblastic, protomylonitic g neissic g ranite; distinctiv e
w h ite felsic bands ½-1cm th ick parallel to dominate foliation,
may be g radational with  Dmg c.  *P reliminary maximum ag e
from S tar Island ~457 M a. *aw aiting  additional date from S tar
and Appledore Islands
Coarse-g rained g neissic g ranite and peg matite, v ariably
foliated and sh eared, commonly containing  enclav es of older
biotite g ranofels, amph ibolite, and less common pelitic sch ist.
T entativ ely assig ned to th e O rdov ician R ye F ormation.

N H GS  O pen-F ile Disclaimer: T h is map and th e accompanying  leg end(s) are understood to be
open-file products. T h ey are draft v ersions of an unpublish ed report and represent mapping
prog ress at th e time of completion. N ew er information may exist. If you h av e questions, please 
contact th e N ew  H ampsh ire Geolog ical S urv ey (N H GS ) at: g eolog y@des.nh .g ov  or (603) 271-1976
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EXPLANATION OF MAP SYMBOLS
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R ig h t-lateral fault (v ertical)

S 1-2 F oliation (primary), sh owing  dip and 
dip direction
S 3 F oliation (secondary), sh owing  dip and
dip direction

É Zircon U /P b sample location
(ag es pending )

86

80

Basalt dike, sh owing  dip and dip
direction
Basalt dike with  g abbro clasts, sh owing
dip and dip direction

Ô F old axis sh owing  trend and plung e
F oliation; measured by R JB, sh owing  dip
and dip direction
F oliation, v ertical; measured by R JB

7

65

T h e Isles of S h oals consist of sev en islands and sev eral smaller ledg es about 10 kilometers south east of P ortsmouth , N H , and Kittery, M E, (F ig . 1).  F rom th e
mainland th e larg er and most obv ious ones, Appledore and S tar, appear smooth  and sh ield-like, but as roch e moutonee, th ey are all asymmetric in N W -S E
profile.  T og eth er th ey occupy some 10 km2 (~100 h a), but th e sh apes, orientation and principle north east structural g rain persist continuously beneath  th e sea
surface as is obv ious in th e combined bath ymetric/lidar bases used for th is map.
Early g eolog ic studies (Jackson, 1844; H itch cock, 1877, Katz, 1917; F ow ler-Billing s, 1959) set th e stag e for remapping  efforts on th e islands using  different base
maps (aerial ph otog raph s used to update old topog raph ic maps; Blomsh ield, 1975, and existing  bath ymetric maps for sea bottom bedrock mapping /sampling ;
Brooks, 1986). T h ose reexaminations identified many of th e same rock units exposed on th e N ew H ampsh ire and south w estern M aine coast (H ussey et al.,
2016; Both ner et al., 2014) and confirmed th e g eneral correlation with  th e Cambro-O rdov ician R ye Complex on mainland south east N ew H ampsh ire and
south w est M aine orig inally sug g ested by F ow ler-Billing s (1959).
T h e islands are underlain by v ariably deformed metasedimentary and metaig neous rocks. T h ey are cross cut by Dev onian (and young er?) g ranites and
abundant M esozoic diabase dikes.  Gray coarse-g rained quartzofeldspath ic (g ranitic) g neisses and v ariably deformed peg matite dominate th e lith ic
assemblag e.  Intercalated biotite-rich  lenses on Appledore Island are sh ow n as banded g neiss with  sev eral areas of associated aug en g neiss.  M edium-g rained,
v ariably foliated, and in places, protomylonitic g neissic g ranite preserv e ev idence of sig nificant sh ear, some expressed as dextral sh ear boudins up to 10 meters
in leng th . M ildly metamorph osed and deformed Dev onian diorite crops out only on Appledore (Dorais et al., 2014); it cross cuts and is cut but sev eral
g enerations of g ranite, g ranite dikes and diabase.  Except for th e diabase, all oth er units may include remarkably consistently N E-oriented bodies (enclav es) of
biotite, biotite-actinolite, amph ibolite, and lesser pelitic sch ist a few to 10’s of meters th ick and up to 100+ meters long .  T h ese latter units, based on cross-
cutting  relationsh ips, represent th e oldest mappable units on th e islands.
Like much  of th e N ew Eng land coast, th e Isles of S h oals are cut by numerous diabase dikes of M esozoic ag e up to 3-meters in th ickness.  M ost are simple
dikes, a few are multiple dikes, and some h av e porph yritic centers.  P h enocrysts are mostly randomly oriented plag ioclase up to 1 cm in leng th , sometimes
clinopyroxene, and rarely olivine.  T h ey may contain xenolith s of country rock and one important diabase, continuous from S tar Island to at least Cedar Island,
contains a rang e of rounded coarse g ray to black g abbroic rock frag ments atypical of any local lith olog ies (from th e low er crust?).
T h e ag es of rocks and timing  of ev ents are based on cross-cutting  relations, but th e absolute ag es remain somew h at equiv ocal. T h ey h av e been constrained by
correlation with  dated rocks on th e mainland (Lyons et al. 1997; Both ner and H ussey, 1999; H ussey et al., 2016, Both ner et al., 2019) but some of th e new est
U /P b zircon ag es yielded too larg e a spread to resolv e a more absolute time sequence.  Like th e R ye Complex onsh ore, th e h ost rocks on th e Isles w ere
metamorph osed and deformed prior to th e emplacement of mid-Dev onian diorite and g ranite, deformed ag ain likely during  P ermian sh ear, and finally intruded
during  th e initial stag es of th e opening  of th e Atlantic O cean.  T h e abundant diabase dikes attest to th at stag e of extension accompanied by widespread
plutonic/v olcanic activity preserv ed at nearby M t. Ag amenticus, Cape N eddick, and explosion breccia on th e sh ore of Gerrish  Island in M aine (H ussey et al.,
2016).

SHOALS SUMMARY AND PHOTOGRAPHS

F ig ure 1. S implified g eolog ic map after H ussey et al. (2016) sh ow ing  named faults and major g eolog ical formations of th e Kittery 1:100,000 quadrang le. N ote
bath ymetric contours at -5, -20, -35, and -60 meters depth . Contours at -5, -20, and -35 reflect post-g lacial sh oreline positions at approximately 10000, 8000-
6000, and 4000 years before present w h en early indig enous peoples accessed th e islands by foot and by canoe. J.A.B.– Joh n A. Brooks.

Mesozoic
Diabase dikes:  T riassic to Jurassic, typically subv ertical
tablular simple to multiple, fine to medium g rained, sometimes
porph yritic and occasional xenolith ic diabase dikes rang ing
from a few centimeters to ~3-meters th ick. O nsh ore w h ere
solid, offsh ore w h ere dash ed.
Diabase dike on S tar, Cedar, and S muttynose islands
containing  3 – 5cm rounded lig h t g ray to black coarse-
g rained g abbroic xenolith s atypical of h ost lith olog ies.
O nsh ore w h ere solid, offsh ore w h ere dash ed.

P aleozoic – U/P b zircon age control noted w ith  *
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Blomsh ield, R ich ard J., 1975, S uperposed deformations on th e Isles of S h oals, M E-N H : M .S . th esis, U niv ersity of N ew H ampsh ire, Durh am, 48p.
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DO cg g

DO ag n

DO bg n

DO mg b

Dmg c

O Cra

O Crg

Dda M edium to coarse-g rained, unfoliated to w eakly foliated
h ornblende-biotite diorite.  Intruded by sev eral g ranitic dikes
now expressed as fracture boudins and infolds.  Xenolith s
include aug en quartzofeldspath ic g neiss and a complex
mixture (comag matic?) of fine to coarse-g rained g ranite.
P ublish ed ag e of 361 M a on fine g rained diorite, analysis of
coarse-g rained diorite pending .  *M aximum ag e on
inter’mixed’ g ranite yielded ~407 M a

Coarse-g rained banded quartzo-feldspath ic g neiss
disting uish ed by presence of infolded, frequently sh eared
biotite sch ist.  T entativ ely assig ned to th e O rdov ician R ye
F ormation.
F ine to medium g rained, w ell foliated pelitic quartzo-
feldspath ic aug en g neiss with  1-3 cm, v ariably strained  K-
feldspar aug en.  P orph yroblasts often preserv e sh ear fabric.
Assig ned to th e O rdov ician R ye F ormation.

W ell layered, blue g ray to dark g ray w eath ering , foliated
biotite and biotite-actinolite g ranofels.  M ay include
intercalated rusty and non-rusty, sometimes spang led coarse
muscov ite sillimanite sch ist. O ccurs as strike parallel,
F ine g rained g reen-black, w ell foliated h ornblende and biotite-
h ornblende sch ist.  Internal early isoclinal F 1 folds are
common. M ay be more broadly folded (as at th e T h axter
cemetery on Appledore).

Metasedimentry/Metavolcanic(?) Rocks
Ordovician or old er;  Assigne d to th e Ry e Com ple x

F ig ure 2.  Early isoclinal folds in amph ibolite enclav e, Babb’s Cov e, Appledore
Island; outcrop of S tar Island in g ranite contact with  deformed dikes, and nearby
intercalated with  biotite g ranofels also at S tar Island.

F ig ure 8. Appledore diorite (Dda) exposed on east and south east sh ores
sh ow ing  cross-cutting , sometimes folded, g ranite dikes, dextral slip faulted
g ranitic v eins, and interming led clasts in g ranite.

F ig ure 9. M edium g rained g neissic g ranite with  biotite g ranofels inclusion,
intrusiv e breccia, sh ear boudins, one containing  xenolith  of coarser
quartzofeldspath ic g neiss and adjacent stretch ed aug en g neiss boudin,
Appledore Island.

F ig ure 7. Aug en g neiss with  foliated cross cutting  peg matite offset by later
g ranitic v ein, Appledore Island

F ig ure 6.  M ultiple diabase with  central zone xenolith  ch oked with  g abbroic
xenolith s, Cedar Island.  Inset sh ow s ch aracter of xenolith s from same dike on
S tar Island

F ig ure 5.  Biotite-actinolite g ranofels (O Crg ) cut by M esozoic diabase at
N orw eg ian Cov e, Appledore Island.

F ig ure 4.  Coarse quartzofeldspath ic g neiss (DO cg g )  Appledore Island.

F ig ure 3.  Banded g neiss and boudin sh aped aug en g neiss at S mith  Cov e,
Appledore Island.
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PRELIMINARY CORRELATION OF MAP
UNITS (zircon U/Pb ages pending)

Diabase dikes, dash ed w h ere
inferred and offsh ore; g abbroic
xenolith s indicated by spaced
crosses
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Table of pending zircon U/Pb ages to be inserted here

Modified after Hussey et al., 2016. *Intrusive ages. 
ºDetrital zircon ages.
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Close-spaced sh ear folitation
S h ear boudins

Wallace A. Both ner, 2019

S alamander P oint diorite

T opog raph ic basemap dev eloped from h ig h  resolution (1
meter) LiDAR  data (h illsh ade and contours), N ational
H ydrog raph y Dataset and N H DO T  roads data.
Bath ymetry h ig h  resolution (1 meter) LiDAR  data (h illsh ade
and contours) prov ided by T h e Center for Coastal and O cean
M apping  at U niv ersity of N ew  H ampsh ire
P rojection: N orth  American Datum 1983 N ew  H ampsh ire
S tate P lane F eet.
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