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// EXPLANATION SYNOPSIS OF THERMAL MATURITY PATTERNSIN ALASKA SOURCES OF DATA
ColvilleBasin Cook Inlet Basin Thermal-maturity units—R, reflectance value in oil; CAl, Conodont Color This map was produced from nearly 10,000 vitrinite-reflectance and CAl Data for this map have been compiled from the literature cited below, unpublished
Subsurface perspective Subsurface perspective Alteration Index. See text for explanation determinations from surface, offshore, and subsurface localities across the state. From these industry reports provided to the Alaska Division of Geological and Geophysical Surveys,
u Undermature—Rg < 0.6, CAl < 1.0 data, a number of generalities can be made. For example, rocks exposed at the surface of previous USGS investigations, data contributed by industry, academic and government
N\ \\\ Anchorage the Tertiary interior basins and in the Aleutian forearc and backarc basins are uniformly of colleagues, and by our own sampling and analysis where needed. Quantitative data used in
N\ Point Barrow M1 Mature |—Rg 0.6-1.3, CAl 1.0-2.0 very low thermal maturity, indicating that these basins are at or near maximum burial, have the preparation of the map were restricted to vitrinite-reflectance and Conodont Color
- el seen little uplift, and are probably thermally immature with respect to hydrocarbon Alteration Index analyses because these types of data are the most common and best
Prudhoe Bay ,Point Thomson - Maturell—Rg 1.3-2.0, CAl 2.0-3.0 generation. In contra st, many sedimentary basins—for example, the Y okon-Koyukuk and quantifiable thermal-maturity data available in Alaska. The database behind this map
e = - o t Re 2.0-3.6, CAl 3.0-4.0 Colville Basins—show elevated levels of thermal maturity at the surface, commonly with (Johnsson and others, 1992), consists of 3,716 vitrinite-reflectance determinations from
/ - vermature—Ro 2.0-3.6, o the highest values at basin margins. This geometry suggests a pattern of greater uplift along 2,123 outcrop localities, 1,474 Conodont Color Alteration Index determinations from 1,306
/ - Supermature—Rg 3.6-5.0, CAl 4.0-4.5 basin margins, possibly reflecting isostatic readjustments as crustal loads are removed by outcrop localities, and 4,482 vitrinite-reflectance determinations from 217 wells.
/ ! erosion. Where vitrinite-reflectance or Conodont Color Alteration Index data were sparse or
Ig-M Igneous-Metamor phic—Rg > 5.0, CAl > 4.5 Johnsson and others (1993) investigated thermal maturity relations in three unavailable, other organic and inorganic thermal-maturity data from the literature cited below
2 sedimentary basins—the Colville, Cook Inlet, and Kandik Basins—in more detail. Thermal were used to help constrain thermal maturity. Such data include: rock-evaluation pyrolysis
s*/ ? No data maturity patterns in the Colville Basin are broadly asymmetric, suggesting systematic (Tmax), thermal-alteration index (TAL), fluid inclusion, illite crystallinity, zeolite mineralogy,
s at sediment solidated differential uplift ranging from a minimum of no uplift at the Arctic coastline to 9 to 13 km and fission-track data. In particular, the laumontite-prehnite-pumpellyite facies of Dusel-
@ Quaternary sediments (unconsoli ) of uplift in the central Brooks Range; even greater uplift further to the south is indicated by Bacon (1994) generally correlates with the supermature thermal-maturity unit defined by
Glacial cover the presence of greenschist facies and higher grade metamorphism. This Johnsson and vitrinite-reflectance and Conodont Color Alteration Index data, and Dusel-Bacon (1994) was
oo 00g others (1993) investigated thermal maturity relations in three sedi y basins—thy ingly used to constrain the supermature thermal-maturity map unit in places.
Sea level Sea level === _——___ Thermal-maturity unit contact—Dashed where inferred, dotted where Colville, Cook Inlet, and Kandik Basins—in more detail. Thermal maturity patterns in the The geologic base (metamorphic, plutonic, and unmetamorphosed bedrock, surficial
concealed Colville Basin are broadly asymmetric, suggesting systematic differential uplift ranging units, and faults) is modified from Dusel-Bacon (1994) and Beikman (1980).
I High-angle fault—Dashed where inferred. dotted wh ealed from a minimum of no uplift at the Arctic coastline to 9 to 13 km of uplift in the central
AN ———— High-angle fault—| Where inferred, dotted where conc Brooks Range; even greater uplift further to the south is indicated by the presence of Bayliss, G.S,, and Magoon, L.B., 1988, Organic facies and thermal maturity of sedimentary rocks in
. i i i jism. i he National Petroleum Reserve in Alaska, in Gryc, G., ed., Geology and exploration of the
A~ Thrust fault—Dashed where inferred, dotted where concealed greenschist facies and higher grade metamorphism. This pattern may reflect the deflexing [
) of the lithosphere subsequent to the principal episode(s) of crustal convergence and National Petroleum Reserve in Alaska, 1974 to 1982, p. 489-518.
-500 m / Soom <=5 = _b~4 Detachment fault—Dashed where inferred, dotted where concealed thickening. The continuity of this pattern across the region suggests a similar thermal Belowich, M.A., 1986, Basina trends in coal, petrographic, and elemental composition with
/ history for the proximal Colville Basin and the northern foothills belt. Thermal maturity applications toward seam correlation, Jarvis Creek Coal Field, Alaska, in Rao, P.D., ed., Focus on
,— Contour on U/M 1 unit boundary—Elevation of U/M1 thermal maturity map- isograds within the Brooks Range cut major thrust faults, indicating that maximum burial A'as“aic"a: 86, P’“*d'"gz"f the Conference held at Anchorage Alaska October 27-30, 1986:
P unit boundary (0.6% vitrinite reflectance isograd). Values, meters below postdated the principal phases of thrusting. In contrast, isograds in the foothills belt to the Fairbanks, Alaska, Mineral Industry Research Laboratory, p. 300-335.
sealevel north are broadly warped by local structure, indicating continued north-south shortening Beikman, H.M., 1980, Geologic map of Alaska: U.S. Geological Survey, 1:2,500,000, 2 sheets.
-1000 m ) Sample localities—Many localities represented by multiple samples. Where subsequent to maximum burial. A broad southward extension of thermally immature rocks Bird, K.J., 1987, The framework geology of the North Slope of Alaska as related to oil-source rock
N - T shown, color indicates thermal maturity map unit in the central portions of the foothills belt suggests relatively young east-west shortening correlations, in Tailleur, ., and Weimer, P.,, Alaskan North Slope geology: Bakersfield,
-1000 m 5 =>> v R ; California, and Anchorage, Alaska, Pacific Section, Society of Economic Paleontologists and
o Vitrinite reflectance (parallel to the strike of the orogen), a feature that to date has not been included in regional Mineralogists and Alaska Geological Societ 121143,
_ ‘ £ 3 tectonic syntheses. Alternatively, this thermal-maturity pattern could be explained by » 3 . 9 ) Y. p‘l e ot  the Aratic Nationd
B . / / / A 7 > as ; D A 9 R Conodont Color Alteration Index tectonically unrelated uplift episodes in the eastern and western parts of the Brooks Range. Bir '\;{ud&h fae"Re""uzge"‘:;nLh;; elm Zv‘a':ke‘a’_“ue“s'"ef)‘fo‘;?z al"s"ﬂjsy”"éhlf;‘m";%g 3'2§ F‘I"C"" Nation
1500 m / \ : / =2 N 3 i 5 " In the Cook Inlet Basin, vitrinite-reflectance isograds also are indicative of relatively . ' . e h
. o S 2 ; = s . ' fi \ g afl : 7, ! ) VI ! ! Brosgé, W.P., Reiser, H.N., Dutro, J.T., Jr., and Detterman, R.L.., 1981, Organic geochemical data for
L 7 / / o ( £ a0 s i Subsurfacedata . greater uplift at the basin margins than at the basin center. The basin center appears to be Mesozoic and Paleozoic shales, central and eastern Brooks Range, Alaska: U.S. Geological
-1500 m /QP/ / / / / F . [ f & / > * Selected oil well with vitrinite reflectance data—All elevations and presently at its maximum burial depth. Uplift in the Cook Inlet Basin may reflect Survey Open-File Report 81-551, 17 p.
AN / y b r R~ ~ // 5 B > (] vitrinite reflectance values are from regression lines drawn through the compression along the faults bounding the basin. High thermal maturity along the western Bruns, T.R., von Huene, R., Curlotta, R.C., Lewis, S.D., 1985, Summary geologic report for the
~ / 5 P W ; 3 N N data; this line may be extrapolated slightly below the well bottom margin of the basin also may reflect magmatic heat sources from the Alaska Peninsula- Shumagin Outer Continental Shelf (OCS) Planning Area, Alaska: U.S. Geological Survey Open-
-2000 m y / / / Nig+ f ¥ b y 1 » B " Y N V’ well Aleutian Volcanic Arc. The Seldovia Arch, a major structural feature trending across the File Report 85-32, 58 p.

. y z %) /5[ 3 . name v southern end of the basin (see Johnsson and others, 1993), does not appear to deform Cameron, A.R., Norris, D.K., and Pratt, K.C., 1986, Rank and other compositional data on codls and
L y / A Becharof #1 .~ Kelly bushing elevation, meters above sea level vitrinite-reflectance isograds, implying that deformation on that structure ceased prior to carbonaceous shale of the Kayak formation, northern Y ukon Territory, in Current Research, Part
2| / -2000 m // Ro, Surf(67mj: 0.25 - Vitrinite reflectance at surface (%) maximum burial (Johnsson and others, 1993). B: Geological Survey of Canada, p. 665-670.

y / Ro, TD(-2683m): 177 Vitrinite reflectance at total depth (%) In the Kandik Basin, a thermal-maturity anomaly—thermally mature younger rocks in Claypool, G.E., and Magoon, L.B., 1988, Oil and gas source rocks in the National Petroleum Reserve
22500 m UIML: -2351m fault contact with thermally immature older rocks—provides clues to the nature and timing in Alaska, in Gryc, G., ed., Geology and exploration of the National Petroleum Reserve in Alaska,
MllMé' 2501, Hole bottom, meters below sea level of east-west thrusting. Mesozoic foreland basin deposits associated with thrusting buried 1974 t0 1982, p. 451-481.
2 -2501im Contacts between thermal map units, meters below Paleozoic rocks of the easternmost part of this fold-and-thrust belt to relatively shallow Dusel-Bacon, C., 1994, Metamorphic history of Alaska, in Plafker, G., and Berg, H.C., eds, The
5500 M2/0: -2754m sealevel depths, driving potential hydrocarbon source rocks into the oil-generation window. The geology of Alaska: Boulder, Colorado, Geological Society of America, The Geology of North
) m e & Other oil well—Used to constrain contoured U/M1 thermal maturity map- western foreland basin deposits were overridden by advancing thrusts and tectonically _ America, v. G1, plate 4, 1:2500,000, 2 sheets. )
= oomste (. unit boundary (0.6% vitrinite reflectance isograd) in Cook Inlet and North buried to as deep as 10 km. These disparate thermal domains are juxtaposed along the Fisher, M-A., 1982, Petroleum geology of Norton Basin, Alaska: American Association of Petroleum
~_| -3000m Mean Ro—In percent. See - Piomede fp——laM N . N D Geologists Bulletin, v. 66, p. 286-301.
text for description - / Slope regions Glenn Creek Fault, which may represent a terrane boundary in east-central Alaska
EXPLANATION P & = . / (Johnsson and others, 1993). Fisher, M.A., and Magoon, L.B., 1978, Geologic framework of Lower Cook Inlet, Alaska: American
) Cape Prince Cape Espanberg #1 i o
N _ oilwl [] <os / Mean Rin percent. Sos / ) E§D§E'71573%%293 . City Although complicated by the effects of convective heat transfer by fluids and spatial . AS?;'LE“D;_D; P:(Jc‘eu: ?:eflog‘:sazu”a{?;' 512;;;' 3;2_492'&' . aloqy. thermal
N Area of diagram [] o306 E or descripti / UM 1763m /) variations in heat flow, thermal maturity data from sedimentary rocks isolated from igneous autier, D.L., Bird, K.J, and Colten-Bradley, V.A., 1987, Relationship of clay mineralogy, therm
~& g 3000 m text for description / & i ! X < maturity, and geopressure in wells of the Point Thomson area, in Bird, K.J., and Magoon, L.B.,
,\:\"’ ——— Thrust fault [ o0s6-09 EXPLANATION 1 02-03 / activity \arge!y reflect burial heating and thus provide g means of assessing vertical eds., Petroleum geology of the northern part of the Arctic National Wildlife Refuge, northeastern
— [ o912 movemeﬂts in the upper crust. Thermal—matur{ty patterns in Alaska‘reﬂect the complex Alaska: U.S. Geological Survey Bulletin 1778, p. 199-207.
e ] ] 1215 ARSI - Oil well INTRODUCTION lE(:‘K‘OI'!I':? history of the region. ThekamalgamTuon of teyranes with different lhe(mal and Gryc, G., editor, 1988, Geology and exploration of the National Petroleum Reserve in Alaska, 1974 to
b > Boundary between ] 1518 Fat Thermal maturity is a measure of the level of thermal alteration of organic matter in Ezs'i';s 'j;zr;‘p‘;f’d:ﬁhae;ﬂfx;es°fr i‘::s S;hC(:"r“::f‘o'rf;’g :f‘e’[r;‘:'ar’:‘ea’:ggals::'m:‘ua;{‘ 1982: U.S. Geological Survey Professional Paper 1399, 940 p.

OC - thermal-maturity 1821 sedimentary rocks. Inasmuch as different types of organic matter respond differently to . " " " ! . o Harris, A.G., Ellersieck, I.F., Mayfield, C.F., and Tailleur, I.L., 1983, Thermal maturation values
units, dashed where = ) 2 Boundary between heat, thermal maturity is operationally defined differently for different substances. d"'ﬂle""a' ’39'0""’" “P"If‘f- Ar:’a”f"d !herm:lamalumy P"’“ET in !hef:j_f!epoalsns '"d'_mm? (conodont color alteration indices) for Paleozoic and Triassic rocks, Chandler Lake, De Long
uncertain N -21 Area of diagram thermal-meturity units Accordingly, many organic and mineral indicators of thermal maturity have been proposed complex hl?ﬁﬂef; o Up;le: at is not readily apparent from traditional mapping o Mountains, Howard Pass, Killik River, Misheguk Mountain, and Point Hope quadrangles,

and, to a certain degree, crosscorrelated (see, for example, Hood and others, 1975; Scholle stratigraphic and structural refations. northwest Alaska, and subsurface NPRA: U.S. Geological Survey Open-File Report 83-505, 15 p.

/ ;/7 </ /r 7 \ and Schiuger, 1979; Héroux and others, 1979). The thermal maturity of organic matter Harris, A.G., Lane, H.R., Tailleur, |.L., and Ellersieck, |., 1987, Conodont thermal maturation patterns

N/ \ / provides a means of ascertaining the maximum temperatures to which sedimentary rocks ACKNOWLEDGMENTS in Paleozoic and Triassic rocks, northemn Alaska—Geologic and 3 > n
have been exposed. Diagenetic or low-grade metamorphic temperatures, in regions where Tailleur, 1., and We‘“?e." P., Alaskan North Slope geology: :Bakferdle\d, Caluom_\a, and
Correlation of thermal maturity indicators and definition of map units . 3 / - ] 3 igneous or hydrothermal heat sources have been insignificant, are largely a reflection of We would like to express our sincere thanks to all of those individuals who have 2:":3(07299\1’&'?5:]%5::0;'0 Selﬂgllor;g?way of Economic Paleontologists and Mineralogists and
6 / s / 7 3 / ’ - Z= \ burial heating. The level of thermal maturity of rocks at the surface can thus be used to contributed unpublished data or samples to this project. Special thanks are extended to A.G. a Geological Society, p. 181-191. )
% Maximun | vivinite | conodontcolor |  Hydrocarbon | Map / / , /T ' Al i = ' :::V;:,r.%‘m,»m ‘ infr elaive uplif and efosion subsequent to maximum burial providing valuzble nsights  Hars, who made avalble her complete Alaskan inventory of Conodont Color Alteration "o B (B, e e on B S L TR S O e
N temperature | reflectance | alteration index tion' it . / / \ Ja S G ) R B Saomm: 465 \ into tectonic processes and histories. In addition, the maximum temperature to which Index data, and to M.L. Miller, A. Anderson, R.R. Reifenstuhl, H.A. Cohen, S.E. Box, eglan, y e g b
' () (R, %) (CAl generation units / / / / AN / \ sedimentary rocks have been exposed is an important parameter in evaluating hydrocarbon W.W. Patton, Jr., JM. Murphy, and R.G. Stanley, who provided samples from critical Z"d |F0r‘l:QA:J" edSB' ﬁe"“’gl'g“g:““'efz'," il,g*aby the U.S. Geological Survey during 1990: U.S.
W. , Jr, IM. , .G. s et Y -140.
potential. areas. M.J. Pawlewicz produced hundreds of vitrinite reflectance determinations. L.B. colog! rvey Bullein P
i Undermature u Magoon was instrumental in organizing data collected over the past decade by USGS Howell, D.G., Bird, K.J., Lu Huafu, and Johnsson, M.J., 1992, Tectonics and petroleum potential of
Undermature the Brooks Range fold and thrust belt—A progress report, in Bradley, D.C., and Ford, A.B., eds.,
L-—g5--d-—06-- - Onsetof ol generation | _ oAt e VITRINITE REFLECTANCE workers, and C.N. Threlkeld oversaw database management during submittal of new Geologic studies in Alaska by the U.S. Geological Survey during 1990 U.S. Geological Survey
= Mature ML Vitrinite is one of several types of organic matter commonly disseminated in clastic samples. K.J. Bird's familiarity with North Slope geology and the USGS sampling program Bulletin 1999, p. 112-126.
Mature | / / sedimentary rocks. Representing the remains of woody plant material, vitrinite is the major pro_vgd invaluable in analyzing the data. Both L.B. Magqon and K.J. B“'_d also helped to Johnsson, M.J., Pawlewicz, M.J., Harris, A.G., and Valin, Z.C., 1992, Vitrinite reflectance and
-175-- < Limitof oil generation o / N constituent of most coals and is abundant in most terrestrially derived shales, It is often sollql data from |ndu_stry sources. ngerous contributions of unpublished data were conodont color alteration index data from Alaska: Data to accompany the thermal maturity map of
Limit of il preservation Mature Ii Soupd = present, although much less abundant, in coarser sediments, limestones, and marine rocks provided by the Shell Oil Company, British Petroleum, and Chevron. C. Dusel-Bacon made Alaska: U.S. Geological Survey Open-File Report 92-409, 3 diskettes.
P PRETRRRTRSaSan — — — - —— / £ as well. Upon diagenesis, loss of volatile components and graphitization of carbon result in available her then unpublished metamorphic facies map of Alaska and helped interpret Laughland, M.M., Underwood, M.B., and Wiley, T.J., 1990, Thermal maturity, tectonostratigraphic
" iy 2> | \ an increase in the reflectivity of vitrinite. Reflectivity increases regularly proportional to Inorganic |nd|cal0r_s O'. Iow-grade_melamorphlsm. zC. Vall_n extracted hundreds of vitrinite terranes, and regional tectonic history: An example from the Kandik area, east-central Alaska, in
35 #:.gm’s&%%%wa\ ("’u,,(, | \ temperature, is not influenced by pressure or chemical reactions with most diagenetic refleciar]ce delgrmmanopsfrom industry (eports gnd the Ilteralyre; he and C.F. Hamilton NLICCID,.V,F, and Barker_, C,Ev,v eds., {-\ppllcancns of thermal maturity slud_les to energy
o Ro, D (-4506m|: 1.43 f waters, and is not susceptible to retrograde alteration (Bostick, 1979). Accordingly also assisted with data input. Assistance in the field was provided by M.B. Underwood, exploration: Rocky Mountain Section, Society of Economic Paleontologists and Mineralogists, p.

/ Overmature Overmature mﬂl\z '8‘?‘72?'" | vltriniié reflectance has become the most widely used measure (;f Iherm.al maturity \r’\ D.L. Gautier, C.J. Schenk, T. Brocculeri, L. Huafu, P.B. O'Sullivan, W. Arendt, P. 97-L1L

/ 4 / i et . McClung, N. Fehri, F. Roure, and P. Desegaulx. P.A. Swenson assisted with drafting. Help Magoon, L.B., and Bird, K.J., 1988, Evaluation of petroleum source rocks in the National Petroleum

sedimentary rocks. Recent kinetic models (Burnham and Sweeney, 1989; Sweeney and . h > N " "

: Locorgodo-ggood— L Burnham, 1990) and field studies in areas where the duration of heating has been well with computational aspects of data manipulation was provided by C.H. Degnan, C.A. Reserve in Alaska, using organic-carbon content, hydrocarbon content, visual kerogen, and
N - i, ' 9! © Madison, R.C. Obuch, M.J. Rachlitz, C.K. Runge, R. Sanders, and W.S, Weber. D.S. vitrinite reflectance, in Gryc, G., ed., Geology and exploration of the National Petroleum Reserve

constrained (Barker and others, 1983; Barker, 1991) suggest that, for heating periods of PR ! " ’ . y in Alaska, 1974 to 1982, p. 381-450.
greater than " 104 years N temperature and not the duration of Aitkin, B.S. Bennet, T.T. Fitzgibbon, D.L. Knifong, P.K. Showalter, W.C. Steele, C.M. & + P - X
45 s Peating largely qetermi 11 lever of vittinite ref Vitinite refl h Wentworth, Jr., and F.L. Wong provided valuable advice on geographical information Magoon, L.B., and Claypool, G.E., 1981, Petroleum geology of the Cook Inlet Basin—An exploration
Supermature eating largely determines the level of vitrinite reflectance. Vitrinite reflectance thus may " : . " : model: American Association of Petroleum Geologists Bulletin, v. 65, p. 1,043-1,061.
e be used, with caution, to establish absolute maximum paleotemperatures. Many workers systems. This map benefited from critical reviews by K.J. Bird, S.E. Box, D.C. Bradley,
g . " P P p Y J.L. Clayton, C. Dusel-Bacon, H.L. Foster, P.J. Haeussler, J.S. Kelley, L.B. Magoon, M.L ———1988, Geochemistry of oil occurrences, National Petroleum Reserve in Alaska, in Gryc, G., ed.,
have proposed equations relating temperature and vitrinite reflectance (Bostick, 1979; L. Clayton, C. cT T A ey, L.B. Magoon, M.L. i i i
Ve prope eql 9 P ] ) : " " Geology and exploration of the National Petroleum Reserve in Alaska, 1974 to 1982, p. 519-549,
F--315--1--60--4—— -~ / Price, 1983; Barker and Pawlewicz, 1986; Barker, 1988). We prefer the correlation of Miller, C.G. Mull, M. Murphy, G. Plafker, A.B. Till, and F.H. Wilson.
in Bagid COST #1 d ! ) 950, ] . P N Magoon, L.B., Woodward, P.V., Banet, A.C., Jr., Griscom, A.B., and Daws, T.A., 1987, Thermal
e 0z2 Barker (1988; T(YC)=104(InR,)+148) as it most closely matches the resuits predicted by maturity, richness, and type of organic matter of source rock units, in Bird, K.J., and Magoon,
/ 1o-M kinetic models (Burnham and Sweeney, 1989; Sweeney and Burnham, 1990). REFERENCES CITED L.B., eds., Petroleum geology of the northern part of the Arctic National Wildlife Refuge,
/ 5 Igneous/ Vitrinite reflectance is quantified by measuring the percentage of light reflected from . - . northeastern Alaska: U.S. Geological Survey Bulletin 1778, p. 127-179.
|/ Metamorphic randomly oriented polished vitrinite particles through the use of a photomultiplier Barker, C.E., 1988, Geothermics of petroleum systems: Implications of the stabilization of
4 P i P f o ° P kerogen thermal maturation after a geologically brief heating duration at peak MeL.ean, H., 1977, Organic , lithology, and of Tertiary and Mesozoic rocks
photometer attached to a microscope and calibrated through the use of polished glass or J ; g g y 9 " ) p from wells on the Alaska Peninsula: U.S. Geological Survey Open-File Report 77-813, 63 p.
mineral standards. Because an oil-immersion objective is used, the reflectance is o » in Magoon, L.B., ed., Petroleum systems of the United States: U.S. Merritt, R.D., 1985a, Coal atlas of the Matanuska Valley, Alaska: Alaska Department of Natural
| . that in oil. Vitrinite-reflectance units are, therefore, the percentage of light reflected in oil Gefégg'cla' S‘-I"VW B””fe"” 1870, p. 26-2. dies of evidence f ogical Resources, Division of Geological and Geophysical Surveys Public Data File 85-45, 270 p.
B“"Z'Z’a%imﬁ“ﬁaﬁ?;f&'ﬁ':ﬁéf;"g‘ii‘.i,“g‘ii'ﬁyiyiﬁ’ﬁ;l%";55,‘;‘2.?;3“25;?2%2‘::&:’5 ’:mr (Ry). Anisotropy of reflectance results from the structure of vitrinite and increases with ——1991, Impl ications or organic mat‘uratlon studies of evidence for a geol f.Jg|c y 1985, Coal allas of the Nenana Basin, Alaska: Alaska Department of Natural Resources,
Magoon, L 8., ed., Petroleum Systems of the United States: U.S. Geological Survey Bulletin increasing reflectivity (Stach and others, 1982). Accordingly, a vitrinite-reflectance rapid increase and stabilization of vitrinite reflectance at peak temperature: Cerro Division of Geological and Geophysical Surveys Public Data File 85-41, 197 p.
1870, p. 26-29, determination involves measuring the reflectance of a number of particles in random ;"ﬁ'ﬂ", gmtr;esrmdlzy;eT,sehgex|co. American Association of Petroleum Geologists 19863, Geology and coal resources of the Wood River Field, Nenana Basin: Alaska Department of
’Pame,‘: GGanﬂé:\aypoo\,ch Ed, 1924fe;u\eum m\;:réerracdk(:p‘nﬁnnasafd c;me:gcanefnnn orientation and taking the mean value of the determinations. Determining the mean Barkeru P 'E" Vlf)alzvizl. M c_ ;;nd .Pawlewicz M.J. 1983, A surface vitrinite reflectance Natural Resources, Division of Geological and Geophysical Surveys Public Data File 86-68, 11 p.
in the Great Basin, in Woodward, J., Meissner, F.F., and Clayton, J.L., ds., Hydrocarbon reflectance, occasionally referred to as Ry, involves identification of the indigenous v s M o M " - iti -
Zus:f:;s::icuggslg;:ée,rpkggg;ﬂz%umam region: Denver, Colorado, Rocky Mountain vitrinite population, excl{]s‘ve of recycled rr’\“atenal. Such material is usually idemifgled by anomaly related to Bell Creek Oil Field, Montana, USA: U.S. Geological Survey Cftgggn?: ;Zpuﬂé:z::e::vggvm:?;a:dpﬁtﬁzpoAllear;t:(:I g’gﬁ:ﬁ“iﬁﬁ;ﬂ:”&;ﬁ;
y, constructing a histogram of individual vitrinite-reflectance measurements and isolating Open-File Report 83-826, 17 p. . o X Division of Geological and Geophysical Surveys Public Data File 86-72, 20 p.
/ suspect material from the calculation of the mean. Barker, C.E., and Pawlewicz, M.J., 1986, The correlation of vitrinite reflectance with 1990, Coal resources of the Susitna Lowland, Alaska: Alaska Department of Natural Resources,
& maximum paleotempera_ture in humic organic matter, in Buntebarth, G., and Stegena, Division of Geological and Geophysical Surveys Report of Investigations 90-1, 181 p.
R4 / CONODONT COLOR ALTERATION INDEX L., eds, Paleogeothermics: New York, Springer-Verlag, p. 79-93. _ v Rao, P.D., 1980, Petrographic, mineralogical, and chemical characterization of certain Arctic Alaskan
Bt 2 / 3 ; Conodonts are toothlike microfossils of an extinct group of primitive vertebrates Bostick, N.H., 1979, Microscopic measrement of the level of catagenesis of solid organic coals from the Cape Beaufort region: Alaska Department of Natural Resources, Division of
Ro, Suff (81m): 050 | | 3 A " N N matter in sedimentary rocks to aid exploration for petroleum and to determine former Geological and Geophysical Surveys, Mineral Industry Research Laboratory Report No. 44, 66 p.
RoTD(-2502m): 0.70 | | Ri \ \ (probably related to jawless fishes), commonly 0.1 to 1 mm in length, that are found in burial temperatur A review, in Scholle, P.A., and Schiuger, P.R., eds., Aspects of B d
umM1:-1291m |\ ¢ A Rolboye e " marine rocks of Late Cambrian through Triassic age. They are common in carbonate and D - Tul Klah i " é . Pal ! ; . d Ni alogi Reo, P.D., and Smith, JE., 1983, Petrology of Cretaceous coals from northern Alaska: Alaska
3 e 2, @ N e " iagenesis: Tulsa, Oklahoma, Society of Economic Paleontologists and Mineralogists Department of Natural Resources, Division of Geological and Geophysical Surveys, Mineral
some marine clastic rocks, and their abundance generally varies inversely with Special Publication 26, p. 17-44. Industry R r Lehoratory Report No. 64, 141
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