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A mafic sill lies at the southernmost extent of our current study area at Locality 3 (above left; view to southwest); this sill is up to ~125 meters thick, pinches out 
to the northeast, and crops out in a subvertically dipping, overturned anticlinal forelimb. Geochemistry sample 09TMH160-1 was collected at this outcrop. Far-
ther south, a more prominent sill lies in a similar stratigraphic position as the one observed at Locality 3 and may be a lateral equivalent (above right; view to 
southwest).  This latter sill was originally reported by Keller et al. (1961); Reiser et al. (1979) suggested this sill may represent an intrusive equivalent of the vol-
canic rocks to the north (i.e., those observed at Localities 1 and 2 of the current study).  Asterisks denote same peak in above photographs.

Fine-grained tuffa-
ceous limestone 
(above) lies at the base 
of the Locality 1 mafic 
rock sequence north of 
the Ivishak River and is 
flaggy weathering, 
medium- to thick-
bedded, plane-parallel 
laminated and locally 
cross stratified; small 
scale structures with 
normal separation are 
locally observed 
(inset). Geochemistry 
sample 09BG111A was 
collected at the pic-
tured outcrop.

Very thick (up to sev-
eral meters) mafic lava 
flows are vesicular in 
part (left), with 
vesicles locally being 
calcite filled.

Observed mafic lava 
flows are commonly 
dark-gray to gray-
green (fresh surface 
groundmass), very 
thick, aphanitic to 
porphyritic, and 
apparently structure-
less to columnar 
jointed (left) to 
p s e u d o - p i l l o w e d 
(below).  The lava 
flows pictured at left 
and below are litho-
logically similar to 
g e o c h e m i s t r y 
samples 09BG112A 
and 09TMH022A.

**The data, maps, figures, and interpretations presented herein are preliminary and have not yet undergone rigorous techni-
cal or peer review.  We will formally publish this work (Herriott et al., in preparation) through the Alaska Department of 
Natural Resources, Division of Geological & Geophysical Surveys’ publications group.  Please contact Trystan Herriott 
(trystan.herriott@alaska.gov) for further information regarding this poster.**

Recent geologic mapping along the northeastern 
Brooks Range salient offers new documentation of Upper 
Mississippian mafic igneous rocks associated with depo-
sition of the Ellesmerian Sequence. Evidence for this epi-
sode of magmatism is extremely rare within parautoch-
thonous Ellesmerian strata and this study offers new con-
straints on the tectonic evolution of the late Paleozoic pas-
sive margin of northern Alaska.  
 The mafic rocks lie within carbonate-platform strata of 
the Carboniferous Lisburne Group that are exposed in the 
Ivishak River area near the Brooks Range mountain front. 
Three general localities were examined in this study (see 
figure). Columnar-jointed to pseudo-pillowed to massive 
basaltic lava and fine-grained tuffaceous limestone north 
of the Ivishak River (locality 1) comprise a locally ~100-
m-thick package (Robinson et al., 1989) that crops out 
along a 5 km northwest trend. This succession lies within 
and laterally grades into our informal Lisburne middle 
unit (Mlm) that is in part equivalent to the Upper Missis-
sippian Alapah Limestone. Lithologically similar volcanic 
and volcaniclastic rocks lie south of the Ivishak River 
(locality 2) along a 3 km east trend. This package is lo-
cally up to ~275-m-thick and grossly occupies the same 
stratigraphic position as at locality 1. Volcanic intervals at 
localities 1 and 2 likely diminish to zero depositional 
thickness near each end of the reported ~strike-parallel 
exposures. Locality 3 lies ~1 km south of locality 2 and 
consists of an up to ~125-m-thick mafic sill. This sill 
crops out along a minimum 0.5 km northeast trend and is 
observed to pinch-out to the northeast. 
Recrystallized/altered host rock lies at the sill’s upper and 
lower contacts and the stratigraphic context suggests the 
intrusion is coeval with or post-dates the volcanic rocks 
farther north. Finally, mafic rocks cropping out in a 
prominent km-scale anticline several kilometers south of 
locality 3 were previously reported to comprise a 45-m-
thick “diabase” sill. This occurrence may be genetically 
related to the locality 3 sill and, as suggested by Reiser et 

al. (1979), may represent an intrusive equivalent of the ex-
truded rocks to the north—i.e., our localities 1 and 2.
 Major and trace element geochemical data were col-
lected via Wavelength-Dispersive X-Ray Fluorescence 
Spectrometry for four samples from three distinct litholo-
gies: 1) medium-gray, medium- to thick-bedded, plane-
parallel laminated and locally cross stratified, very fine- to 
medium-grained tuffaceous limestone (locality 1, one 
sample); 2) dark-gray to gray-green, very thick, aphanitic 
to porphyritic mafic lava (locality 1, two samples); and 3) 
medium- to light-gray, porphyritic mafic sill (locality 3, 
one sample). Despite probable shifts of major element 
compositions in some samples due to chemical alteration, 
high Cr, V, and Ti concentrations indicate basaltic parent 
rocks.  Moreover, Nb/Y–Zr/TiO2 volcanic classification 
plots indicate the samples were originally alkali basalts or 
fragments thereof. Ti/100–Zr–3Y and 2Nb–Zr/4–Y trace 
element tectonic discrimination diagrams chiefly suggest 
within-plate basalt (see figure inset) and within-plate al-
kalic basalt origins, respectively. These are the first geo-
chemical results to demonstrate that magmatism in the 
parautochthon is related to extension. 
 Mafic igneous rocks have been documented elsewhere 
in the continental Arctic Alaska terrane, although they are 
everywhere uncommon except as abundant mafic sills in 
the structurally uppermost Ipnavik River allochthon 
(Mayfield et al., 1988). Allochthonous Devonian to Juras-
sic mafic and ultramafic rocks of the oceanic-affinity An-
gayucham terrane are, however, common in the southern 
and western Brooks Range, but are distinctly not part of 
the continental Arctic Alaska terrane. The structural con-
text and terrane or allochthon assignments at some locali-
ties remains enigmatic—e.g., the uppermost klippe in the 
Mount Annette “allochthon” (Brosgé et al., 2001), the 
Kikiktat Mountain klippe (Solie and Mull, 1991), and the 
Maiyumerak basalts (Karl, 1992). Nevertheless, a prepon-
derance of published observations and geochemical data 
from known occurrences of mafic rocks within the Arctic 

Alaska terrane are either permissive of or strongly suggest 
that within-plate extensional magmatism occurred locally 
during Mississippian–Pennsylvanian(?) time (e.g., 
Werdon et al., 2004); regional extension during this period 
is further suggested by precipitation of world-class sedi-
mentary exhalative massive sulfide deposits (e.g., Red 
Dog) and regional stratigraphic relationships among al-
lochthons. Furthermore, detailed studies of Lisburne 
Group lithofacies in the central Brooks Range document 
marked lateral variation in paleobathymetry, potentially 
reflecting extension and graben development during Late 
Mississippian–Early Pennsylvanian time (Dumoulin et 
al., 2008). Finally, geochemical signatures of gabbro at 
Koiyaktot Mountain (Werdon et al., 2004) and a 223-m-
thick volcanic interval penetrated in the Tunalik well 
(Sherwood et al., 2002) suggest extension-related magma-
tism either extended into or reoccurred during the Perm-
ian.
 Additional geochemical, petrographic, and radioiso-
topic analyses of mafic rocks collected during this study 
will further increase our understanding of the tectonomag-
matic evolution of the Ellesmerian passive margin in 
northern Alaska.
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XRF geochemical analyses were conducted by Rainer J. Newberry at the UAF Advanced Instrumentation Laboratory.

1 .5 0 1 MI

1 0 1 2 KM
SCALE 1:24,000

Despite probable shifts of major element compositions in some samples due to chemical alteration, high Cr, V, and Ti concentrations (see XRF Results) indicate basaltic parent rocks for all samples.  
Moreover, Nb/Y–Zr/TiO2 (above right; diagram after Winchester and Floyd, 1977) volcanic classification plots indicate the samples were originally alkali basalts or fragments thereof. Ti/100–Zr–3Y 
(above left; diagram after Pearce and Cann, 1973) and 2Nb–Zr/4–Y (above middle; diagram after Meschede, 1986) trace element tectonic discrimination diagrams chiefly suggest within-plate basalt 
and within-plate alkalic basalt origins, respectively. These are the first geochemical results to demonstrate that magmatism in the parautochthon is related to extension.  

Although late Paleozoic mafic 
magmatism is locally docu-
mented in the continental Arctic 
Alaska terrane, mafic rocks are 
typically uncommon except in the 
structurally uppermost Ipnavik 
River allochthon (IRA). How-
ever, limited geochemical results 
(summary table at left and this 
study), the Red Dog and associ-
ated sedimentary exhalative mas-
sive sulfide deposits of the west-
ern Brooks Range, and detailed 
stratigraphic observations 
strongly suggest extension oc-
curred, at least locally, within the 
southward facing, carbonate 
platform-dominated passive 
margin of the Arctic Alaska ter-
rane during Carboniferous time.
DLMS–De Long Mtns. subter-
rane; EMA–Endicott Mtns. 
allochthon; IRA–Ipnavik River 
allochthon; NRA–Nuka Ridge 
allochthon; NSP–North Slope 
parautochthon; NSS–North Slope 
subterrane.

Because allochthonous Devonian to Jurassic mafic and ultramafic rocks of the 
oceanic-affinity Angayucham terrane are common in the southern and western 
Brooks Range—but are distinctly not part of the continental Arctic Alaska terrane— 
well established terrane associations are key to understanding the tectonomagmatic 
implications of these rocks. However, terrane affinities at some localities remains 
enigmatic—e.g., the uppermost klippe in the Mount Annette “allochthon” 
(DLMS(?)), the Kikiktat Mountain klippe (NRA(?)), and the Maiyumerak basalts 
(Angayucham terrane(?)). 

*See 1:24,000-scale map for sample collection sites and context.

Brooks Range Locality 
(W to E)

General Loca on Structural 
Context

General Lithologic 
Descrip on

Age Host Rock Sample ID Geochemical 
Lithology

Geochemical 
Tectonic Affinity 

References

Ipnavik River 
allochthon (geograph-
ically  extensive)

western Brooks 
Range (not 
depicted above)

IRA mafic sills and dikes  Max: Upper Miss. 
through  lower(?) 
Permian 

Lisburne and lower 
E vluk groups

N/A tholeii c to mildly 
alkaline 
microgabbro  

N-MORB–like, 
con nental margin, 
or ocean island

Mayfield et al., 1988; 
Moore et al., 1994; 
Moore, 1987

Red Dog EMA gabbro sill (sample) 343.7 ± 2.7 Ma MBWBIO alkali basalt
EMA gabbro sill (sample) 336.6 ± 2.9 Ma DW12 alkali gabbro
EMA tuff (sample) N/A DW09 basanite 

Koiyaktot 
Mountain–south

EMA gabbro sill (sample) 276.4 ± 14.8 Ma Kanayut 
Conglomerate 

91Pe49 sub-alkalic basalt within-plate  
tholeii c gabbro 

Kikiktat Mountain– 
upper basalt

NRA(?) mafic flows Upper Miss. to 
Lower Penn.(?) 

overlies Nuka Fm N/A tholeiite basalt 

Kikiktat Mountain– 
lower basalt

IRA mafic flows Mississippian or 
younger

Lisburne and 
E vluk(?) groups

N/A alkali to tholeii c 
basalt

John 
River–headwaters

EMA tuff, tuffaceous limestone 
mafic  flows

Lower Miss. 
(Kinderhookian(?

Kayak Shale N/A N/A N/A Reiser et al., 1979

see 
"Samples"  
below

Porcupine 
Lake–southeast (Mt. 
Anne e "allochthon"

DLMS(?) volcaniclas c 
conglomerate, tuffaceous 
limestone and mafic flows 

Permian(?) 
Lower Triassic(?) 

unknown (klippe) N/A N/A N/A Reiser et al., 1979; 
Brosge et al., 2001

Porcupine Lake–north NSP volcaniclas c 
conglomerate, tuffaceous 
limestone, and mafic flows 

Pennsylvanian or 
Permian

Lisburne Group N/A N/A N/A Reiser et al., 1979; 
Peace, 1979;          
Brosge et al., 2001

North Slope 
Subsurface (W to E)

General Loca on Structural 
Context

Lithology Age Host Rock Sample 
Name

Geochemical 
Lithology

Geochemical 
Tectonic Affinity 

References

Tunalik well western North 
Slope 

mafic flows and 
volcaniclas c strata

Lower Permian uppermost Lisburne 
Group (or 

N/A N/A N/A Sherwood et al., 2002

Colville State-1 well N/A N/A N/A

Kuparuk State-1 well N/A N/A N/A

within-plate felsic 
through mafic  
magma sm

Werdon et al., 2004; 
see also Werdon, 1996

NSS

N-MORB to within-
plate basalt(?) 

Solie and Mull (1991); 
Moore (1987); 

this study; Reiser et al., 
1979; see also Keller et 
al., 1961

NSP within-plate basalt

Moore et al., 1992

alkali basalt

Drenchwater 

central Brooks 
Range

Ivishak River area mafic tuffaceous 
limestone, volcaniclas c 
conglomerate, lava flows, 

Lisburne Group Upper Miss. 
(latest Visean or 
early Namurian)

east-central 
North slope, 
Colville high

diabasic dikes or sills Endico  GroupMax: Lower(?) to 
Middle(?) Miss.

western Brooks 
Range

northeastern 
Brooks Range

Kuna Forma on

C h r o n o s t r a t i g r a p h i c 
column for the northern 
Brooks Range and 
Colville basin, northern 
Alaska. Brookian se-
quence chronostratigraphy 
after Decker et al. (in 
review), revised after Mull 
et al. (2003); pre-Brookian 
sequence chronostratigra-
phy modified after Garrity 
et al. (2005).  Stratigraphic 
units exposed within the 
mapping area are within 
the red outline; Carbonif-
erous mafic rocks are out-
lined in orange.
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Sample ID SiO2 Al2O3 CaCO3 CaO FeO FeS2 K2O MgO MnO Na2O P2O5 TiO2 BaO Cl Cr Cu F Ga Ni Pb Rb S Sr V Zn Zr Nb Y Nb/Y Zr/TiO2
09BG111A 32.1 7.27 41.6 8.13 1.1 5.5 0.0437 0.0352 0.276 1.82 36.8 153 48.6 1990 26.6 157 20 1010 328.4 178 84 166.2 33 15.3 2.12 0.00913
09BG112A 51.2 15.3 8.1 9.52 1 4.9 0.119 5.37 0.439 2.58 0.0307 64.5 281 93.4 25.1 162 23 18 402 264 314 186 265.9 50 25.3 1.96 0.01031
09TMH022A 60.5 15.6 4.27 6.93 1.2 3.9 0.059 4.91 0.243 1.57 0.0424 89.6 146 28.2 27.3 97 41 27 342 616.6 208 107 152.2 18 20.9 0.85 0.00969
09TMH160-1 62.9 14.4 0.759 0.333 6.1 1.1 3.6 0.0523 5.56 0.58 2.68 0.02 131 51.9 146 24.9 38 40 197.1 286 99 309 46 34 1.34 0.01153

Sample ID Loca on* Sample Descrip on
09BG111A Locality 1 Orange-tan weathering, medium gray (fresh surface), medium- to thick-bedded, plane parallel laminated and locally trough cross stra ed, 

very fine- to medium-grained tuffaceous limestone. Sampled near base of ~100-m-thick volcanic sec on north of the Ivishak River.  
09BG112A Locality 1 Dark gray to gray-brown and locally olive green weathering, dark gray (fresh surface groundmass), aphani c, mafic lava flow; locally contains 

calcite-filled vesicles. Overlies tuffaceous limestone interval of sample 09BG111A and is stra graphically associated with columnar jointed 
lava flows.

09TMH022A Locality 1 Medium brown weathering, dark gray-green (fresh surface of groundmass; chlorite(?) altera on), porphyri c (abundant opaque, equant 
phenocrysts to 3 mm and plagioclase (calcite(?) altered) laths to 2 mm), mafic lava flow.  Sampled flow is massive (i.e., structureless) at 
outcrop scale, but is stra graphically associated with pseudo-pillowed and columnar-jointed flows.  Sampled near top of ~100-m-thick 
volcanic sec on north of the Ivishak River.

09TMH160-1 Locality 3 Rusty orange to orange-brown weathering, medium to light gray (groundmass), porphyri c (abundant pyrite crystals to 0.25 mm) mafic 
sill that is up to ~125 m thick.  Limestone at upper contact immediately above igneous rocks is coarsely crystalline 
with calcite crystals to 4mm (recrystallized?) and underlying limestone is chalky and foliated (talc(?) altera on) at contact.  General outcrop 
observa ons, top and bo om contacts indica ve of contact metamorphism, and associa on with documented diabase sill farther south 
(Keller et al., 1961) are sugges ve of an intrusive origin for this sample.

LOCALITY 2

LOCALITY 1

LOCALITY 3 09TMH160-1

09BG112A

09BG111A09TMH022A

stratigraphic up 

from Wallace, 2009; modifed after Moore et al., 1994 

[For all line symbols: dashed where location is approximate; dotted where 
location is concealed; queried where identity or existence may be questionable]
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 Recent geologic mapping along the northeastern Brooks 
Range salient offers new documentation of Upper Missis-
sippian mafic igneous rocks associated with deposition of 
the Ellesmerian Sequence. Evidence for this episode of 
magmatism is extremely rare within parautochthonous 
Ellesmerian strata and this study offers new constraints on 
the tectonic evolution of the late Paleozoic passive margin 
of northern Alaska.  
     The mafic rocks lie within carbonate-platform strata of 
the Carboniferous Lisburne Group that are exposed in the 
Ivishak River area near the Brooks Range mountain front. 
Three general localities were examined in this study. Co-
lumnar-jointed to pseudo-pillowed to massive basaltic lava 
and fine-grained tuffaceous limestone north of the Ivishak 
River (locality 1) comprise a locally ~100-m-thick package 
(Robinson et al., 1989) that crops out along a 5-km-long 
northwest trend. This succession lies within, and laterally 
grades into, our informal Lisburne middle unit (Mlm) that is 
in part equivalent to the Upper Mississippian Alapah Lime-
stone. Lithologically similar volcanic and volcaniclastic 
rocks lie south of the Ivishak River (locality 2) along a 
3-km-long east trend. This package is locally up to ~275 m 
thick and grossly occupies the same stratigraphic position as 
at locality 1. Volcanic intervals at localities 1 and 2 likely di-
minish to zero depositional thickness near each end of the 
reported ~strike-parallel exposures. Locality 3 lies ~1 km 
south of locality 2 and consists of a mafic sill that is up to 
~125 m thick. This sill crops out along a minimum 
0.5-km-long northeast trend and is observed to pinch-out to 
the northeast. Recrystallized/altered host rock lies at the 
sill’s upper and lower contacts and the stratigraphic context 
suggests the intrusion is coeval with or post-dates the volca-
nic rocks farther north. Finally, mafic rocks cropping out in 
a prominent km-scale anticline several kilometers south of 
locality 3 were previously reported to comprise a 
45-m-thick “diabase” sill. This occurrence may be geneti-
cally related to the locality 3 sill and, as suggested by Reiser 
et al. (1979), may represent an intrusive equivalent of the 

extruded rocks to the north—i.e., our localities 1 and 2.
 Major and trace element geochemical data were collect-
ed via Wavelength-Dispersive X-Ray Fluorescence Spec-
trometry for four samples from three distinct lithologies: 1) 
medium-gray, medium- to thick-bedded, plane-parallel lam-
inated and locally cross stratified, very fine- to medi-
um-grained tuffaceous limestone (locality 1, one sample); 
2) dark-gray to gray-green, very thick, aphanitic to porphy-
ritic mafic lava (locality 1, two samples); and 3) medium- to 
light-gray, porphyritic mafic sill (locality 3, one sample). 
Despite probable shifts of major element compositions in 
some samples due to chemical alteration, high Cr, V, and Ti 
concentrations indicate basaltic parent rocks.  Moreover, 
Nb/Y–Zr/TiO2 volcanic classification plots indicate the 
samples were originally alkali basalts or fragments thereof. 
Ti/100–Zr–3Y and 2Nb–Zr/4–Y trace element tectonic dis-
crimination diagrams chiefly suggest within-plate basalt 
and within-plate alkalic basalt origins, respectively. These 
are the first geochemical results to demonstrate that magma-
tism in the parautochthon is related to extension. 
      Mafic igneous rocks have been documented elsewhere 
in the continental Arctic Alaska terrane, although they are 
everywhere uncommon except as abundant mafic sills in the 
structurally uppermost Ipnavik River allochthon (Mayfield 
et al., 1988). Allochthonous Devonian to Jurassic mafic and 
ultramafic rocks of the oceanic-affinity Angayucham ter-
rane are, however, common in the southern and western 
Brooks Range, but are distinctly not part of the continental 
Arctic Alaska terrane. The structural context and terrane or 
allochthon assignments at some localities remains enigmat-
ic—e.g., the uppermost klippe in the Mount Annette “al-
lochthon” (Brosgé et al., 2001), the Kikiktat Mountain 
klippe (Solie and Mull, 1991), and the Maiyumerak basalts 
(Karl, 1992). Nevertheless, a preponderance of published 
observations and geochemical data from known occurrenc-
es of mafic rocks within the Arctic Alaska terrane either 
permit or strongly suggest that within-plate extensional 
magmatism occurred locally during Mississippian–Penn-

sylvanian(?) time (e.g., Werdon et al., 2004); regional ex-
tension during this period is further suggested by precipita-
tion of world-class sedimentary exhalative massive sulfide 
deposits (e.g., Red Dog) and regional stratigraphic relation-
ships among allochthons. Furthermore, detailed studies of 
Lisburne Group lithofacies in the central Brooks Range 
document marked lateral variation in paleobathymetry, po-
tentially reflecting extension and graben development 
during Late Mississippian–Early Pennsylvanian time (Du-
moulin et al., 2008). Finally, geochemical signatures of 
gabbro at Koiyaktot Mountain (Werdon et al., 2004) and a 
223-m-thick volcanic interval penetrated in the Tunalik well 
(Sherwood et al., 2002) suggest extension-related magma-
tism either extended into or reoccurred during the Permian. 
 Additional geochemical, petrographic, and radioisotop-
ic analyses of mafic rocks collected during this study will 
further increase our understanding of the tectonomagmatic 
evolution of the Ellesmerian passive margin in northern 
Alaska.
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