A Structural and U-Pb Zircon Geochronology Investigation of Selected Units in the Eastern Merrimack Belt:
Implications for Post-Acadian Deformation, Eastern Massachusetts

THE GEOLOGICAL SOCIETY

‘ OF AMERICA®
CHARNOCK, Robert (1), KUIPER, Yvette D. (1), MOLLER, Andreas (2), BUCHWALDT, Robert (3), and HEPBURN, J. Christopher (4),
(1) Geology and Geological Engmeerlng, Colorado School of Mines, 1516 Illinois St, Golden, CO 80401, (2) Geology, University of Kansas, 1475 Jayhawk Blvd. Rm 120, Lawrence, KS 66045, (3) Earth, Atmospheric, and Planetary Sci-
ences, Massachusetts Institute of Technology, Building 54-1126, Cambridge, MA 02139, (4) Earth and Environmental Sciences, Boston College, 140 Commonwealth Avenue, Chestnut Hill, MA 02467

Abstract Youngest Detrital Zircon Populations Detrital Zircon Provenance
The Silurian metasedimentary Merrimack belt of the NE Appalachians | | | | | | \ \
was deformed by at least two generations of isoclinal folds that were (A) Harvard Conglomerate 430 Ma (A) Harvard.Conglomerate
thought to be related to the Acadian orogeny. Along the eastern margin 0.078 data-point error ellipses are 2o ’ | | 5 3
. : 5
Ic.>f the Merrl;nack Elelt IS I\/Ia:;acZuse’;ts, thf I-(Izgv)arlf .Ccl)_inghlflmferlzted(HC()j - 412.0 + 1.9 Ma: 0.52/0.80 ,E_r
Ies noncomiorma above the er agranite . AT IS olded an
Y o . ey oors | 409.7 + 3.4 Ma; 0.18/0.67 S
has been thought to be Carboniferous, suggesting that significant defor- -
mation in the HC and perhaps elsewhere in the Merrimack belt occurred o
during the Alleghanian orogeny. We tested this by: 0.070 | o
(1) detailed structural analysis. S E_r
(2) detrital zircon U-Pb Laser Ablation — Inductively Coupled Plasma — §; 0066 | | | | =z @50 (n=22) | ® HC S1 0n west side of Pin Hill (n=85)  mF axial planes (n=6)
Mass Spectrometry (LA-ICP-MS) analysis on the HC, the Vaughn Hill Con- ch | Y n=122 ®HC/AG nonconformity (n=23) @HC S1 on east side of Pin Hill (n=59)  @®F2 fold hinge lines (n=13)
glomerate (VHC) directly south of the HC that has previously been x ®AG 51(n=16)
. ] ) Average plane to all S1 poles
mapped as HC, and the Vaughn Hill Formation (VHF) that possibly under- 0.062 | 260
lies the VHC. | o/ | | | | | T :
(3) U-Pb Chemical Abrasion —Thermal lonization Mass Spectrometry B : Q ,
. 0.058 | . ( ) Vaughn Hill Conglomerate o Equal-area lower hemi-
(CA-TIMS) analysis on the AG. O < sphere projections of
(4) CA-TIMS analysis on the youngest detrital zircons of the HC and VHC. '340// n=54 g | - (_DU structures in unit (A),
0.054 ' ' ' ' ' ' ' ' ' ' =
0.38 0.42 0.46 07 O.gg5 0.54 0.58 0.62 2 20 ' 5‘93 Ma 8_ |(:)B|())"L'?endda(scz:).op|leasnes are
Pb/+3°>U T Q) '
Field Area and Geochronology Sample Sites 10 =
(B) Vaughn Hill Conglomerate | n=110 <
) data-point error ellipses are 2o 0O- —aal T @S0 (n=47) ®S1(n=39) M F1 axial planes (n=3) o _
=50 560 Ma 645 Ma ® Undifferentiated So/S1 (n=7) ® F1 fold hinge lines (n=8) (A?_ NW dipping S1 is
416.6 + 2.3 Ma: 093/047 ~ - - - ' - B F2 axial planes (n=4) axial planar to m-scale
0.085 | 4143+ 4.8 M ’ 0097/0.76 . T o) ® F:fold hinge lines (n=12) F1 folds. Local Cm-
D I &, d, U. / . - 10 (C) Vaughn Hill Formation ; scale N and S dipping
2 I . : : : : : - \ folds fold Sa.
o i N Lwabadl s piaa n=93 8
42°30'0"N=— 1 1 1 U
0.075 + 0 ' . The nonconformable
- TSTVEVE contact between the
§; : HC and AG is parallel
= 200 1 4 ' ' ' ' to bedding and
& 0065 | : :
S . “ . Published Detrital 2 folded.
| . Zircon,Studies D (B) and (C)- Steeply
0085 | 350 GL) (<D !\IW famd SE dipping S1
/ O is axial planar to cm-
O : _ : :
& 1001 = ® 50 (n=36) @S1(n=15) ®S2(n=6)  MFiaxial planes (n=7) scale isoclinal folds. S1
' 2 8_ ® Undifferentiated So/S1 (n=6) ;Fl fold hinge |'nei(n=11) is folded by m-scale,
N=46 QD F2 axial planes (n=10) sub-horizontal folds
0.045 . | . | . | . . €0 O ® F: fold hinge lines (n=14) :
0.3 0.4 0.5 0.6 0.7 T —
207Pp /235 2"
201 Conclusions
(C) Va ughn Hill Formation SOV oo\ o0 o Youngest grain populations for the HC and VHC are ~409 Ma and ~414 Ma respectively.
014 data-point error ellipses are 2o O 500 1000 1500 2000 2500 3000 The youngest grain population for the VHF is ~526 Ma. The units were deposited
/ Dat (IVI ) sometime after these dates, respectively.
535+11 Ma; 1.50/0.21 800 ate (lvia
526 + 11 Ma; 0. 119/0_73 Probability density plots of units (A), (B), and (C). Published cumula- The HC and VHC have detrital input from very similar sources with major peaks at ~430
. 01n | tive probability plots of detrital zircon ages for various metasedimen- Ma ar?d smaller peaks at ¥~580 Ma. The VHF has a peak-valley signature from ~560-645
f | tary units (Merrimack Belt and Nashoba terrane), the Laurentian Ma with older smaller peaks at ~1000-1500 Ma and 1700-2600 Ma.
% margin, and the micro-continents Ganderia and Avalon. Probabilit
£ - 5 am i 5 , : y Possible sources of detrital zircon for the HC and VHC are recycled Merrimack belt
s 4 ) o0 90 6 ﬂ : f - plots are scaled to the histogram y-axis to reflect the number of N . . .
B P e 5 z s, Ases of lareest peaks shown rocks (~430 Ma peak) and recycled Laurentian margin, Ganderian/Nashoba terrane
Q& e S 010 | grains. Ag sestP ' and Avalonian rocks (~ 580 Ma peaks and older smaller peaks). Possible sources for the
ey “ " a VHF are recycled Ganderian/Nashoba terrane and Avalonian rocks (~560 -645 Ma
: 7 . S Merrimack Belt (Sorota, 2013) . .
' . ] ' . Youngest four zircons are — Nashoba terrane (Loan, 2011) peaks) and the Laurentian margin (older smaller peaks).
Merrimack Belt Units Nashoba Terrane Units not a distinct population Laurentian Margin (Cawood & Nemchin, 2001; Pollock et al., 2007)
- ; I druck i 008 | using weighted average - Ganderia (Pollock et al., 2007; Fyffe et al., 2009) The HC nonconformably overlies the 420.13 + 0.11 Ma AG (collected at site (D), ana-
Harvard Conglomerate Tadmuck Brook Schist | ) | analysis. — Avalon (Thonpson and Bowring, 200; Hepburn, 2008; Pollock et al., 2009){ | |yzed at the MIT geochronology lab) and has been correlated with the Pennsylvanian
- Vaughn Hill Conglomerate Nashoba Fm. MSWD= 3.9 — . _ aged, fossiliferous Coal Mine Brook Fm. based on lithology. The HC and VHC have very
- Vaughn Hill Fm ' prob. of fit=0.008 | Concordia diagrams of the youngest .Z”‘Ocon C.IUSterS' Greer.L your?gest similar detrital signatures suggesting they are syn-depositional, which would make the
| ' Inset 400 ) Nn=49 concordant cluster. Blue: youngest distinct zircon populations with as- VHC Pennsylvanian in age if the HC is equivalent to the Coal Mine Brook Fm.
Ayer Granite Laurentia 0.06 ' | | | | | | sociated ages. Red: youngest cluster overlapping at the 1o (68%) level
04 06 0% 10 2 i i The VHF and VHC show similar deformation histories, which are different from that of
Devens Gneiss Complex Peri-Laurentian Terranes 207Pp/23U with associated ages. He HC. If the VHC is P vanian 4h ! ar def . I .
Oakdale Fm Peri-Gondwannan Terranes Zircon was analyzed by LA-ICP-MS at the University of Kansas element ICP-MS geo- e.g.412.0 £ 1.9 Ma; 0.52/0.80 means %°°Pb/2*3U weighted av- t e HC. 1Tt '€ Clis ennsylvanian in age, and has simiiar de orma.hon. styles to units
: chronology lab. The three young grains (orange) in (A) and (B) were analyzed at the erage age: MSWD/probability of fit. in the Merrimack Belt unit, then significant post Acadian deformation in the eastern

Merrimack belt may have occured.

Inset altered from Skehan et al., 1993; Aleinikoff et al., 2007; Pollock et al., 2007; Loan, 2011 University of Kansas lab (LA-ICP-MS) and the MIT geochronology lab using CA-TIMS.



