Varying Neogene Impact of Glacial Sediment Flux from Source to Sink on Tectonics and Stratigraphy in the Gulf of Alaska

Sean P. S. Gulick!, John M. Jarger? Robert S. Reecel Lindsay L. Worthington! Aaron L. Berger3 James M. Spotila3 Kenneth D. Ridgway? Terry L. Pavlis>, Gail L. Christeson 1 2

UF FLORIDA

SUMMARY 160W 150W 140W 130W 120W Figure 2. Topography profile plotted 3 4 >
The combination of highly erosive temperate glaciers in an active versus earthquake depth cross-section is GOA 2505
convergent tectonic setting in southern Alaska allows for the study of the _ A Distance in profile (km) A’ taken across bend in Benioff zone illus- 0.0 angular unconformity -
long-term impact of climate and tectonics on source-to-sink sediment & 3 _ b 1002000300 400500600 700 800 900 . trated in Figure 4. Subduction of the Ya- | - e e plesiocen® <
production and accumulation (Fig. 1). For the majority of the last 6 Myr, O ‘98/@/. g - Mt. McKinley St. Elias-Chugach ,  kutat block beneath North America initi- > £ West East  West East
glaciers have been the dominant force of erosion and mass redistribution in @/6,777/7 OO/, ' S ., atesat the Pamplona Zone deformation & §
southeast Alaska. Flat-slab subduction and collision of an oceanic plateau, ‘9/?0/7 07//3,.6 E " o front, giving a subducted slab that 2 / ’
the Yakutat Terrane, has been ongoing in the Gulf of Alaska for at least 10 ’9'00 ’ =i VE=30:1 | . reaches 150 km depth over ~700 km = e and chactic glacial dlnostt ORI WHAT’S NEXT?
Myr, but possibly as much as 20 Myr, resulting in the highest coastal 2 07 Fon D P TED 0 5 FY o — - o horizontal distance. The angle of subduc- > |10—
mountains (the St. Elias) in the world (Fig. 2,3). Temperate glaciation has ij/ -100 - 0y T T - _ --100 tion is ~12 degrees, comparable to flat- Ii The hypothesis of tectonic climate interactions and the importance
varied with climatic events and includes tidewater glaciation from 6-4 Ma, 2200 - 200 slab subduction regimes observed along S j PLEISTOCENE of the Mid-Pleistocene Transition is the focus of an upcoming
a period of limited glaciation in the Mid-Pliocene Warm Interval, re-advance _ = 300 | | | | | | | | VEZ 31T 500 segments of the Andean subduction zone g 1.5— PLIOCENE |ODP expedition to the Gulf of Alaska. Drilling is likely to be
of glaciers and formation of the Cordilleran Ice Sheet starting around 3 Ma, 3 L I A0 S0 I S0 2 oL SO0 A and Cascadia. (modified from Gulick et = | schedule August to September, 2012 and applications to sail
and intensification of glacial-interglacial cycles since 1 Ma (Fig. 4). Sediment B al., Geology, 2007) ONW 0SS (RN e e O e o SE or be on the shore-based Science Party will be widely advertised.
flux from the orogen onshore to the continental shelf offshore and the deep- 2.0— Location of the proposed transect of sites are shown on Figure 5.
sea Surveyor Fan has therefore varied temporally and spatially owing to Figure 2 ol model from .Figure 9. I_.EFT: _ngh-resolutlon seismic line GOA2505 in the Bering Trough shoyvmg t|m|n.g of shutdow of shelf ant!cllnes W|th_|n the glla(:lal sea valley is appro_X|m_ater mid- These include drilling through the angular unconformity on the
changes in glaciation and Yakutat terrane collision (Fig. 5,6). Seismic reflection Ly based from.acnlusotalnshorele—o"aChffsohlol re profile I?Ielstocene. Plllo-PIelstocene bounary is based on last appearance of N. asanoi W|tr_1|n nea_rby iIndust . wells. RIGHT: ngh-re_solutlon pr_oflles crossing twg _flanks (in different loca- Yakutat shelf thought to be the first cross-shelf glaciation, drilling
and refraction data, structural and stratigraphic field mapping, thermo- along the subduction direction of the tions of the Bering Trough. These suggest the sea valleys and thus cross-shelf glacial sediment delivery system developed since the Mid-Pleistoce Transition (Berger et al., 2008). the Upper Surveyor Fan sequence thought to have accumulated
chronology, and piston coring have determined the magnitude and resolution o since this time, and re-drilling DSDP Site 178 in the distal Surveyor
of the sedimentary record and highlighted the importance of interplay %6"(?”:” sed. cover g@iﬁfigﬁg l;c(':l:r:,enfgzavtviiﬂgsepzzgped S 1EEROS proposed |ODP drill site GOATSA Fan for the complete 10 Myr of sedimentary history. This expedition
between tectonic and climatic processes (Fig. 7). Specifically, up to ~15 km N 5 crust that is now filled with up to 15 km of T water depth ~100m 2 5 km is designed to specifically test whether the timing of cross-shelf
of sediment on the continental shelf (Fig. 8) reveals the increasing influence Neogene sediments. Position of ocean ' Sroposed IODP drill site GOA17A glaciation and the bulk of the Surveyor Fan sediments support
of glaciation on the sequence architecture, with glacimarine sediments and nantle it el 1] SEls e E S UEEE Al 1s = : the importance of the Mid-Pleistocene Transition for tectonic-climate
glgmal erosion flrs_t observed near ’fhe coast and thgp later in sea valleys shown across the top as white circles. Pamplona Zone deformation front interactions.
(Fig. 9,10,6). The influence of erosion and redeposition by glaciers control Figure 1. Alaska seismicity map and projected image of subducted YAK Location of the shoreline (near the Bering
Late Pleistocene deformation in the Pamplona Zone fold and thrust belt are block. 50 km, 100 km, 150 km Benioff zone contours illustrate distinct shal- distance along profile (km) Glacier) is marked. Exact position of this £ 2s ~ :
coeval with increased tectonic shortening onshore (Fig. 4,8,11). The Surveyor lowing of subduction zone earthquakes in vicinity of YAK subduction. Most orofiles is shown in Figure 6 (profile = buried antiol ! A
deep-sea Fan contains strata up to 4 km thick that were deposited throughout Alaskan seismicity is focused in the southern region of the state, and is as- STEEPO1). 1 g CeTamiEne buried anticline L water depth ~2000m
the glacial periods but appear to be dominated by sediment deposited since sociated with the PAC-NA subduction zone. However, some shallow seis- S / ' Transition Fault
the mid-Pleistocene, in agreement with the shelf record of increasing glacial micity occurs near the Brooks range and along interior fault zones. These GE, // ‘
influence (Fig. 10). These sedimentary depocenters therefore record mass events indicate that crustal deformation occurs away from the subduction Worthington et al., JGR, in prep. - /
flux from source (orogenesis) to sink (shelf and fan deposition) that is driver. (modified from Eberhart-Phillips et al., JGR, 2006) '8 // i
modulated by climate, in particular the Mid-Pleistocene Transition. = 55 '
0 SO e '
8 Yakutat basement & décollement
0S = Yakutat basement (?)
Figure 5. Erosional products of the e
132°W 148"W 144w 140PWI38TW136PWE 134TW o 132PW e 130TW Yakutat collision are located on the Shelf ALASKA 7 —
=20km,,  Extent of Glaciation and in the Surveyor Fan. During intergla- — Proposed s Lines Pacific basement
] at Last Glacial Maximum o cial times (blue outline shows extent of o ;;2:9;0:3:??;!:5 VE<5
glaciers during modern interglacial) the o S
southern Alaskan temperate glaciers pro- Figure 8. STEEPO9 crustal scale MCS profile (see Figures 5 and 7 for location) showing deformation front of the Pamplona Zone on the slope
duce sediment that is deposited within AR which is active, buried and inactive anticlines beneath the shelf, and the Transition Fault which separates the Pacific from the Yakutat crust. Also
the fjords and on th shelf. During glacial ) PLATE shown are two proposed IODP drill sites to test the timing of change in deformation to test correlation with glacial erosion events.
62°N— times (green outline shows extent of gla- oxm ) S =
~60°N ciers during the last glacial maximum) AMERICA 7
the glaciers advance out into sea valleys /
and the eroded sediments from the YAKUTAT
\ orogen are deposited off the shelf edge /:\\// SIEEES
60°NA GOA1SAT. *_ onto the slope and in the Surveyor Fan. Kyl and
i _ _ GOAITA ™ Outline of the Surveyor Fan is shown in ) o COP1300, 1650 00020200050 0D T 4100 S0 4D SISO SO0 SESD | GXD | GESD GS0D 70 TEOD 7SS0 GO GESD | o000 O30 0700 100SD 100D 7SO V10D V145D VIEOD 028D 02600 02D 00D 0SS0 00 145D NS00 1SS0 NS0 0SSO NG00 NGO 00D A0S0 0700 17750 0300 1350 NGHOD 10D 1SROD IGHSD 00D OSSO SO0 202D ZIEOD 2SS0 2200 22745CO7
Figure 4. ABOVE: Summary of climatic effects, SE Alaska. s vellow. Surveyor Fan sediment delivery : | s
(Berger et al., 2008). From left to right, thermochronology system is dominated by the Surveyor : G :
demonstrates are significant change in exhumation rate GOAI6B _ Channel system. 2 A e : :
since the Mid-Pleistocene Transtion (MPT, ~1 Ma). O-18 R -
record shows the coincident transition from 41 kyr to 100 kyr Yy In order to determine the potental feed- :
glacial-interglacial cycles. Terrigenous flux at ODP Site 887 5 N backs between tectonics and climate, .
in distal Gulf of Alaska shows a doubling of accumulation o proposal 686 to the Integrated Ocean Figure 7. The NSF Continental Dynamics funded STEEP project in- e Figure 11. Critical wedge model presented
at onset of Northern Hemisphere glaciation (locally called DSDP 178 . Drilling program targets the shelf and fan cluded the acquisition of ~1250 km of multichannel seismic (MCS) data im- : in Berger et al., Nature Geosciences, 2008
Glacial Interval B) and again since the MPT (locally called record sedimentary record. Key climatic aging the Dangerous River Zone, the Transition Fault, the Pamplona Zone, ' i which suggests that glacial erosion can result in
Glacial Interval C). The influence of tidewater glaciation on 56°N— events to be sought within these sedi- and the sedimentary record contained on the shelf and in the Surveyor im0 2 5 oo concentration of deformation within the core of
these sediment fluxes is inherent in the abundance of ice- ments include onset of tidewater glacia- Fan. Data were collected using the R/V Marcus G. Langseth’s 8 km solid : ‘ the orogen in order to re-attain critical taper.
rafted debris in the cores. TN tion ~6 Ma (Glacial Interval A), onset of streamer with 640 channels (receivers every 12.5 m for depth point spacing : Model predicts significant greater mass flux
Northern Hemisphere glaciaation (Glacial of 6.25 m) and 36 Bolt airguns totaling 6600 cubic inches in volume fired proposed IODP dril sits GOA168 during Glacial Interval C which can be tested by
BELOW: Increased exhumation rates since 1 Ma cor- . h e Interval B), and the Mid-Pleistocene cli- every 50 m. Ocean Bottom Seismometers (OBSs) were deployed at a Surveyor Fan : : examination of the record in the Surveyor Fan.
relate glacial equilibrium line altitude on the windward side s4oNA mate transition (Glacial Interval C). spacing of 15 km along two wideangle profiles. 25 OBSs were deployed on ’ ‘
of the St. Elias orogen. Earlier effects of cooling did not pro DSDP and ODP sites are shown in Red STEEPO1, with 23 of these instruments recovered.18 OBSs were deployed Aleutian Trench , =
duce such a significant erosional signal suggesting the en —52°N ?”\C/'Vthhf pr‘_f{flotied I(%DtP Sit?S are ShOWCT on STEEP02, with 17 instruments recovered.The STEEP profiles are shown ~ Sesssdasaatassoa s s st el uds i e i i e 0702 i g, e———— [ =
hanced glacial flux since the MPT provided the necessary In vvhiie with the addition or a propose in Red and Yellow and the OBS are in white.
tipping point for a positive feedback loop. re-drill of Site 178. CONCLUSIONS
! ! | ) \ ) \ < L An earlier, 2004, NSF high-resolution and coring study acquired numerous _ _ _
152°W 150°W 148°W 146°W 144°W 142°W 140°W 138°W STEE_P Zelsmlc Iw(;eti are Is_how(r;.forI refedr- line crossngs using a 0.75-1.5 km streamer and dual GI guns with a depth Trans_,port of sediment across shelf in gIaC|ate_d
gziﬁilsnp o;etzp aarre] <h o?f/’re\ i:]nzse q Ijvig?,/ee spacing of 12.5 m but a vertical resolution of 3-5 m. The profiles from that tmharglns ma:cyr:]azzéu&\dar?ept?l_ly chalngg? W'ﬂl‘
ST stands for STEEP. survey from the Bering Trough region that are shown on this poster are e onset of the yr glacial-interglacial cycles
Green. ~1 Ma.
~ Figure 6. Perspective Tectonics can be directly effected by enhanced
______________________________ \éltevl\éIci);s\(gr;;aetnc(or:fclj(i)f?eznd erosion in the highlands and deposition in the
:::: from Gulick et al., Geology, owlands.
o T e 280b7)- lYa.aklutat Sh?llf S ?;O?S' Sediment flux to the Surveyor deep sea fan and
s, ente " RN e” y gf:lqa >ea va eysffa S adjacent Aluetian subduction zone within the
PEPUSPS < sea Vel T allow efficient cross-shelf flux S e e S e T L e e e s e e Gulf of Alaska appears to undergone a significant
ST paxctat T, . Z];Ze:;;nggégger?t%rlgvgit?nngds increase due to the Mid-Pleistocene climate
R _ WS ey e highstands. The Surveyor Figure 10. STEEP seismic line 13 from shelf to Surveyor Fan. Sediment eroded from the shelf by glacial advances both ends up in the Surveyor Fan and in the Aluetian Trench. We estimate approximately one-half ILaen;';'gi%'C_Lrgfﬂ:ngﬁgzgg nﬂ:ij dmuit)il Odr]'rg;:gr?ii?t
T T Channel system segments of the sediment within the Fan may date since the Mid-Pleistocene climate transition. '
eSS \\ have their heads at these sea
T ee— 2 valleys and thus further the
" L EEEE 7 seavaey " djstribution of sediment
into the large Surveyor Fan.
Pacific For more detials see poster
\ (Fs’lgi?n " by Reece et al (this session).



