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— n/a T B a8 g 31-40° sheeting fractures in domain 2 are longer than other sets because most are parallel with the long ~ \ = set(s) in an outcrop that may contribute to Hydrostructural domains, based on bedrock lithology and fracture characteristics, are also shown on each figure dominant fracture set in this outcrop . P S P . n=211 n = 143
8 axi; of OUtCZT OIFEFB Norfth—south trendding fracture? are commonly the (ljongest oflthe ISlﬁbverﬁC?jl fsets ™ “ / éertical recﬁarge at that stlatifon, but did not (see Sheet 1 for explanation and discussion). North-south trending fractures are defined as having azimuths ’ sl),l(tl)ioprlizgi:acl1Z?l\i/sa()gtfof;;ni’lna}[;itsrczizg;‘r?aci);theaSt trending
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n/a T n/a - 51-60° domains parallel the strike of foliation. Fracture sets perpendicular to foliation tend to be the / - persistently throughgoing. The orientation of steeply dipping fracture sets shows a modest correlation with the hydrostructural domains domain 4 in domain 4
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especially in domains 1 and 3. Partings parallel to foliation are not as pervasive or well 2 : g cigfnlilrif;\r?tes;ts ogs;r\?erc]ioin € water between larger, dominant fractures at form topographic features as observed in outcrop. The north-south trending fracture sets tend to form in are generally pretty weak in domain 4 except near the Clinton-
a ' developed, and therefore, may not be as important in domains 2 and 4, exc?pt near the Clinton- N 2 / 2 g outcrop, but may have local that station. Such fractures commonly have conjugate sets and fracture sets that are most prominent in domain 2. Such sets locally form excellent avenues for Newbury fault-zone.
n/a B o b 71-80° Newbury fault zone. .In domain 2, nor.th—south—tren.dmg and east-west tren.dmg fra(.:ture sets may \ g g = = hydrogeologic significance. shorter trace lengths and tend to end in T- groundwater recharge in bedrock. Northeast-southwest trending steeply dipping fracture sets (figure B2) are
be important as localized areas of vertical rec}}arge in bedrock, while .sheetmg dorr'nnates lf.itel’al \ \ 3 3 _ 7 intersections with the dominant fracture generally parallel to the regional trend of foliation, and in many outcrops occur in the form of partings parallel to
n/a T | | ° groundwater flow near the surface. Steeply dipping, qoﬁhwest trending fracture§ In Idomams 13, = = = set(s). foliation. These fractures constitute the dominant fracture sets in outcrop in hydrostructural domains 1, 3, and 4.
g 81-90 and 4 may also be important as localized areas of vertical recharge. Shallower dipping fracture g g - g In domain 2 they are present as a subordinate set, except near the Clinton-Newbury fault zone. East-west
sets (figure A1) in all domains may be impor.tan.t as connegtive pathways for fluid flow, and serve " " " trending steeply dipping fractures (figure B3) are more prominent in domain 2, in the central portion of the Ayer
as local areas for recharge to more steeply dipping, pervasive fracture sets. \ - % - é@ - quadrangle, where they are a dominant fracture set in outcrop. Northwest-southeast trending steeply dipping
. fractures (figure B4) are commonly perpendicular to regional foliation, and are evenly distributed throughout the
;I‘};.lstputcgp:hows a mﬁdelrate tendency to part pta;lralleltto . \‘:z;\ \ / / % — % quadrangle. They are generally a dominant set as observed in outcrop, and appear to be more numerous and SUMMARY OF IMPORTANT HYDROLOGIC FEATURES
oliation. Partings are not always pervasive across the outcrop, an ‘ dominant in the south-central portion of the quadrangle in the more heavily foliated rocks of domain 3 and 4
are not always throughgoing fractures. Spacing between partings near the Clinton-Newbury fault zone n = 607 . . . L. .
strr%gene;ililg g.satfallleﬂztﬁél?;t;]g raefe I;Ig‘;reliirrl)a;hﬂe %2?/2: beoc;/ Ztﬂt]}?; HYDROSTR.UCTURAL .DOMAINS . % = Moderately dipping frztcture orien'tation sets appear to be more evenly distributed throughout the Ayer llgasrt;l(l)er:ﬁ[cr)l ?cl;i[ihaetiaosrt) tr?fr;lci{;nﬂg()t\‘}ke}gggir;(a)ltrfl)%\z iasnelzsst;;:(i)arl)l?ye;?ztrslCl)rlir?c‘lzdb;drd%cnlfl;)iiihle ?Xg rgqii‘i{rzgiziugéon‘::iltﬁi"éﬁﬁiﬂ_&f&gﬁy
left pgr%on o? tl?e outcrop, and are not always opin acrosz the see Sheet 1 for detailed explanation and discussion quadrangle than steeply dipping fracture sets, although they tend not to be the dominant fracture sets in outcrop. fault zone ' ’
cross-section of the outcroy  therefore, this outcrop would be Northeast-southwest trending moderately dipping fractures (figure B5) tend to occur in higher proportions in . . L . . :
S : p r p wou \ L . . . outcrop along the southern branch of the Clinton-Newbury fault along the border of domains 3 and 4. East-west Contoured equal area stereonet of all measured fractures in Rose diagram of all steeply dipping fractures (dips > 60°) in
AY25-01 classified as having a moderate parting parallel to foliation. A yellow outline denotes a fracture set that A vertical overprint denotes that the fracture wendi derately dinping fract . B6 I v distributed throuahout th drandl 2l domain 1 domain 1 D in 1A is dominated b theast trendi teenly dippina fractures that id llent vertical rech D in 1B h
DOMAIN 1 / - < is also a parting parallel fo foliation at that cot was abserved to have an influence on ending moderately dipping fractures (figure B6) are also evely distributed throughout the quadrangle, and also omain 1A is dominated by northeast trending, steeply dipping fractures that provide excellent vertical recharge. Domain as a
X >< tati A solid red line denot + local h h - h appear to have a higher proportion in outcrop in domain 3. These fractures also tend to be perpendicular to strong northeast-southwest subhorizontal flow anisotropy.
A | B | STEEPLY DIPPING LAYERED ROCKS — B e 1 e owong  local topography at that sation. The foliation in domain 4. Northwest-southeast trending moderately dipping fracture sefs (figure B7) tend t i
DOMAIN 3 tendency to part parallel to foliation, a influence is either in the form of topographic oliation in domain 4. Northwest-southeast trending moderately dipping fracture sets (figure end to occur in
OF THE MERRIMACK BELT TADMUCK BROOK SCHIST dashed line a moderate tendency, and a depressions or a tendency to form slopes or Il:;gh%r profpo‘lrtlon in domain 1, near the domain boundaries, which tend to be faults associated with the Clinton- The conjugate north-south and east-west steeply dipping fractures and fracture zones of domain 2A provide excellent localized
N dotted line a weak tendency. See photos large outcrop faces along the particular ewbury fault zone. : ' !
Moderately to steeply dipping well-layered quartzites, phyllites, and schists. Subdomain A \ below for detailed explanation. set(s). Such fracture sets may form Outcrop scale faults are mapped to provide additional information on potential recharge and water recharge and may appear on topographic maps and aerial photos as lineaments.
dominated by steeply dipping partings parallel to foliation. Subdomain B dominated by Steep to moderately dipping strongly layered sulfidic schist with interlayered quartzite and lineaments on topographic maps and/or transmission pathways (Figure B8). These include through-going faults that traverse the width of the outcrop.
7 subhorizontal partings parallel to foliation and a strong horizontal linear anistropy parallel to fold amphibolite. Well-developed northeast-trending partings parallel to foliation and northwest- \ \ aerial photographs. These features are typically not included on bedrock geologic maps but are included here because of their Northeast trending, moderately to steeply sheetlike xenoliths and fault zones in Domain 2 provide excellent localized recharge and
hinges. trending macro-scale orthogonal cross-joints are the dominant fracture sets. \ \ % / % >< potential importance to groundwater. Outcrop scale faults are most numerous in outcrops near the Clinton- A B DOMAIN 2 opportunity for lateral flow.
Newbury fault zone, and have dips either greater than 60° or less than 30°. The shallowly dipping faults (dips < MASSIVE GRANITES AND FOLIATED GNEISSES
—_— 30°) commonly trend parallel to the strike of regional foliation, with steep trending faults (dips > 60°) being either . . - . .
N \\ \\ / / % e parallel or perpendicular to regional foliation. Northwest trending faults are commonly more shallowly dipping Sheeting is the dominant near-surface transmissive fracture set in domain 2.
han northeast trending faults Northeast trending faults, though, are more shallowly dipping in domain 2. . : : s . : . :
DOMAIN 2 t g g » tnougn, Y dibping The massive Ayer and Chelmsford granites and foliated granitoidal gneisses of the Devens gneiss complex comprise domain 2. . - . . . .
A B DOMAIN 4 . . . £ .. . . .. . .. o o Fracture zones are areas of closely spaced fractures that occur in a distinct zone of finite width (Figure B9). . - o N N . R The highly sulfidic schists of domain 3 may provide poor water quality. The strongly developed, steep to moderately northwest-
MASSIVE GRANITES AND FOLIATED GNEISSES GNEISS OF THE NASHOBA FORMATION Figure B4 - Southeast-northwest trending steep fractures Figure B5 - Northeast trending moderately dippingfractures Figure B6 - East-west trending moderately dipping fractures Rose diagrams for moderately dipping (25° to 70°) fracture sets They can be an important conduit for recharge and are often targets for water supply development because of Conjugate sets of north-south trending, steep to moderately dipping fracture sets (198° and 162°) and an east-west trending set (274°) dipbing partinas parallel to foliation and northwest trending steen fracture sets in this zone provide excellent vertical recharae.
bserved at individual outcrops; th ly 1 tant as water b feat . . X = ) e g pping partings p g steep p g
observed at Individual outcrops; these are generally less important as water bearing leatures their highly transmissive characteristics. Fracture zones also can appear as fracture traces or lineaments on aerial are the dominant fracture sets in these rocks. Northeast trending, moderately to steeply dipping partings parallel to foliation (238°)
Subdomain A is dominantly comprised of the massive Aver and Chelmsford granites. Both . S . o - ' See Sheet 2 for summary and explanation photographs. Fracture zones in the Ayer quadrangle are typically steeply dipping, and occur in conjugate north- - locally dominate near the Clinton-Newbury Fault Zone. Rocks with pervasive partings parallel to foliation have been separated into The faulted boundary between domains 3 and 4 may be a highly transmissive phyllonite zone, as evidenced by abundant wetlands
contain meter-scale sheet-like xenoliths of well-layered Merrimack Belt rocks that may locally }Nle‘ll;follated b1(?ltlte-51lllimtljmte lgnelcslses, arrtlphlbogtl?s,t andN sulgdm sfchllstts.OPta;tmgs plaralletlhto t south or east-west trendi.ng sets. They are more prevalent in the massive granitic rocks of don_’lain 2 Domain 1 Mrj:r Subdomain B. All of these sets have excellent potential for vertical recharge. The north-south trending conjugate sets tend to occur in along its length. This fault zone is parallel to local foliation, and dips approximately 60-70° to ti]e northwest. This zone is most likely
dominate groundwater flow. Xenoliths are commonly aligned with foliation in the granites. troeljdli?]r; greglsesrjioi tpsos; :] m?f ogz ! z;cneyppgz?l; tr;r; SorrrLSSlev\Ae/ ury fault. Orthogonal, northwest- \ acl;_nct)st escluivelyfcorttams easlt]-westth trenfdmg fraqturetzones{hexcetrzt in ;be SOltlthemmost portion within the . ) conjunction with each other, forming fracture zones that may locally focus vertical recharge. Sheeting is well developed in these rocks, fed by the nortﬁ east trending, moderately southeast dippir’l g 028° and 110° sets in domain 3, which are par.all el to the steep ridge to
. . . . . . . . g . = . . - 47()g000m. | . . . . . ] )
Subdomain B comprises foliated gneisses in which partings parallel to foliation near the Clinton- \&\\ ifon-Tewbury faut zone, where fhey form conjugate norfheast rending sets. " and has been observed in the field to be a major conduit for lateral groundwater flow near the surface. The more massive Chelmsford the northwest of the faulted boundary
This outcrop shows a weak tendency to part parallel to foliation. Newbury fault dominate. \ | and Ayer granites (subdomain A) contain sheetlike xenoliths of presumed Merrimack Belt metasediments. These xenoliths are '
Partings are not generally pervasive across the outcrop and are o i i i iati i . . L . . L . . .
typically not throughgoing fractures. Spacing between partings is \ ‘)9 typically less than 1 meter w1§le, but gre_several meters long, ar?d have well developed partings paral!el t.o foliation. In the Aye1.r granite Domain 4 is generally poorly transmissive, with northwest trending, steeply dipping cross-fractures being most important for vertical
generally greater than 0.5 meters. Note that in the photo above | they are commonly near vertical, while in the Chelmsford granite they are moderately to shallowly dipping. They generally strike recharge
y voseeem . although the rock is strongly foliated, very few open fractures are | northeast, and may provide good potential for localized vertical recharge and subhorizontal communication. ’
developed parallel to foliation. Topographic depression ' 4
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& g 3 ewbury fault dominate. . a2 . . . ) .
m H BN N B (<iometers . . . Strike and dip of local secondary schistosity and/or cleavage (S2
N - ] ‘24 1 05 0 1 2 3 4 wowwow w Gradational contact in Ayer granite \ P 7 i ge (52) ? T L - L 010 Zen, E.A. (editor), Goldsmith, R., Ratcliffe, N.M., Robinson, P, Stanley, R.S., Hatch, N.L., Jr., Shride, A.E,, Weed, E.G.A., and Wones,
N N N N N h D.R., 1983, Bedrock geologic map of Massachusetts: U.S. Geological Survey Special Geologic Map.
Kamb Contour Int.=10 Kamb Contour Int.=2.0 Kamb Contour Int.=6.0 ™~ \ 15 ~(acinoiite)”  Denotes occurence of actinolite in Berwick formation (after -
Counting circle area=0.039 > Counting circle area=0.118 Counting circle area=0.031 Kamb Contour Int.=3.0 DOMAIN 3 Robinson et al., 1978) LINEAR FEATURES n/a T - n/a b 1.20°
Sig. Level=3.0 sigma A Sig. Level=3.0 sigma Sig. Level=3.0 sigma Counting circle area=0.074 TADMUCK BROOK SCHIST 3 [ "
/ Sig. Level=3.0 sigma \ / A 0 Bedrock outcrop "\ Bearing and plunge of mineral lineation n/a T L — L s
Mean Strike and Mean Strike and . Steep to moderately dipping strongly layered sulfidic schist with interlayered quartzite and y S o
i ° © Mean Strike and APPROXIMATE MEAN
Dip = 051° 86° NE Dip = 225° 75°NE and 40° 30° NE Dip = 230° 65° NE \ /\ amphibolite. Well-developed northeasf-t?ending partings parallel to foliation and northwest- DECLINATION, 1999 MAP LOCATION D Area where bedrock is shallow (<3 meters below surface) and/or 43\5\ Bearing and plunge of intersection of dominant and local secondary n/a T | L | .
and 40°. 30° NE 7 / /\ trending macro-scale orthogonal cross-joints. Fracture data collected by Joe Kopera, Steve Mabee, and Rick Ponti, 2005. outcrop is extensive schistosity (S2) 8140
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