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Pb Isotopes, Arsenic Sources, and Enrichment Pathways:
Linking Sulfides from Mines and Unmineralized Rocks to Secondary Iron Oxy-hydroxides, Coastal New England

By Robert Ayuso (1), Nora Foley (1), Joseph Ayotte (2), Ann Lyon (1), John Burns (1), Robert Marvinney (3), Andrew Reeve (4), and Gilpin Robinson (1).

INTRODUCTION

Sulfide and secondary iron oxy-hydroxides minerals (n = 56) collected from mines and
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sulfidic meta-shales were analyzed for their Pb isotopic compositions and for trace (1) U.S. Geological Survey, Reston, VA 20192, (2) USGS Pembroke, NH 03275; (3) Maine Geological Survey, Augusta, ME 04333; (4) Dept. of Geological Sciences, University of Maine, Orono, ME 04401. 0 Feoxides
elements in an effort to test the link between arsenic-rich sulfide minerals and secondary _ g TR e 538.8 /A
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T his study is part of a detailed mineralogical and geochemical analysis of iron-sulfide Northport | aElro X e i § on Goethite Granites Fe-hydroxides Fe-oxides re

minerals in bedrock (e.q., the sulfide-rich Cambrian-Ordovician Penobscot F ormation) ek % Pegmatites ol 38.4

and drill cores in coastal Maine and New Hampshire (Ayuso et al, in press; Foley etal., B Sulfides, Bedrock S 389 ‘ |

this volume; Reeve et al, this volume). W eathering of pyrite, pyrrhotite, and other sulfide
minerals generates acid and releases metals (e.q., Pb, Cu, As, Co, Ni) that are then
sequestered in secondary minerals (e.g., ferrihydrite, goethite, scorodite, jarosite,
natrojarosite, rosenite, and melanterite). The iron oxy-hydroxide minerals constitute the
ideal substrates for sorption reactions involving As, Pb, and other metals in solution. Our - Banobecon -
study shows that Pb isotopic compositions of the sulfides and iron oxy-hydroxides <
overlap and establish a genetic link between the sulfides and secondary minerals. Pb
isotopic ratios of the iron oxy-hydroxides also establish the isotopic compositions of the
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fluids in which the iron oxy-hydroxides crystallized. Fe, ppm Pb/*"*Pb & 290
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| Pb isotopic compositions were determined by thermal ionization mass spectrometry using bulk samples and acid- 2/ And 0 6.
ANALYTICAL PROCEDURES leached samples of galena, arsenian-pyrite, pyrrhotite, 10llingite, cobaltite, and arsenopyrite. Pb isotopic compositions | T Bedrock gﬂ' Al Mi;es
. : an
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Minerals were examined using a JEOL 840 SEM, a Scintag X 1 Pyrite FeS2 (As from ~0 to 4 % by weight) G oethite (FeOOH) (50-5000 ppm As*), plot as nearly vertical fields on standard uranogenic and thorogenic Pb diagrams. Pb isotopic compositions of  Sulfides 37 5 Sulfides
. . . L epidocrocite* (FeOOH), : - - T : : : : . _ ' :
A dvanced Diffraction system and the ICDD minerals database (2000) - eﬁihydrite (F 62(03.0.5H)20) secondary minerals, including goethite, jarosite, and natrojarosite had the fol!owmg ranges. 2.0.6Pb/204Pb = 18-356'. 17 18 19 20 21 22 23 17 18 19 20 21 22 23
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minerals were done by WD-XRF (major elements), ICP (trace Secondary arsenopyrite (FeAsS) and thorogenic Pb diagrams as broad and steep fields that extensively overlap the field of the sulfides but extend to
elements), and long-range INA A (rare earth elements). Pb isotopic Tema'ttlte(:(F|=e23S(3s)04)2(0H)6 more radiogenic compositions. The similarity of isotopic compositions provides evidence that fluid-mineral reactions
- . L arosite (KFe : " : : : : .
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5 arosite (KFe ot :
B o . coexisting fluids. the sulfides can account for most of the
%‘ Mg Mg L oblingite Orplmer\t (As2S3) T able. Selected trace elements in sulfides As Bi Cu Zn Pb Hg 132 | Penobscot Formation L in th d : |
S SArsenghte( |(:A Zzgi)ZHzo opm  ppm  ppm  ppm  ppm  ppb SO By AL variations 1n the seconaary minerals as a
= corodite (FeA sO4. Sulfide Mines 130 - | result of weathering, a more radiogenic
2\ Cobaltite ~ CoAsS Co-Ni-arsenates (?) Pyrite Acton 1440 19 555 55 8 5 i Fe-hydroxides Bl EEirrE TR couI%I 3lso be rese?\t
| Arsenopyrite FeAsS (Co content up to 8.4 % by weight) Gogthite (FEOOH); (SO—SOQO ppm As*) Galena B lackhawk 30 677 138 564 43500 1.28 1 Th tp0|° hes the initial Ec)h f
Orpiment (As253) *Arsenolite (As203) Chalcopyrite Deer Isle silver 576 57 228000 3100 1300 126 . 15 €51ablIShES the hitial pathway Tor
;arOSIO’Ite (}(<FF(7—6\3(5)042)|?|(2%|;|)6’ with up to ~40 ppm As) Pyrrhotite Porter 696 29 26 238 5 - US Industia As and Pb originating in the sulfides,
corodite (FeAsOA4. Granites and pegmatites 1.24 - : i Tate N
. 24 - (1970s) into the fluids and resulting in the As-
Co-Ni-arsenates (?) Pyrite Mt Glines pegmatite mine 4 9 100 79 o e Felk ceeaEsr el 2
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