Front cover. Oblique aerial view southeastward of Chisik Island, with Cook Inlet in the background. The mountain-scale exposure of Naknek Formation at center left exhibits evidence of a Late Jurassic deep-water canyon incised into slope strata of Snug Harbor Siltstone Member (gray-brown, wedge-shaped succession at left of exposure) and ultimately backfilled with basin-floor sandstones of the Pomeroy Arkose Member (at and below the summit ridge). Stratigraphic studies of the Naknek Formation along the ~80-km-long Iniskin–Tuxedni bays outcrop belt led to the recognition of three deep-water paleocanyons. These discoveries and related work permit the first sequence-stratigraphic interpretation for the Naknek Formation in the hydrocarbon-bearing Cook Inlet forearc basin. See figures 4 and 16A for photogeologic rendition and sequence-stratigraphic interpretation, respectively, of this Chisik Island locality. The described exposure is ~400 m tall, for sense of scale. Photograph by T.M. Herriott.

Figure 1. Location map of the Iniskin–Tuxedni bays study area. The authors made detailed observations of the Naknek Formation at more than 325 localities (blue dots) during six field seasons. Note Chisik Island and the Hickerson Lake and Mount Pomeroy areas (orange labels), which are discussed in detail in this report. Lower Cook Inlet is typically regarded as the part of the basin that lies between Kalgin Island and Kamishak Bay (Fisher and Magoon, 1978; LePain and others, 2013). Bruin Bay (BBFS) and Border Ranges (BRFS) fault systems are modified from LePain and others (2013). Topographic base map from portions of U.S. Geological Survey Iliamna, Seldovia, Lake Clark, and Kenai 1:250,000-scale quadrangles; shaded-relief image modified from U.S. Geological Survey Elevation Data Set Shaded Relief of Alaska poster. Additional abbreviations: AI = Augustine Island; TM = Talkeetna Mountains.

Figure 2. Simplified geologic map of lower Cook Inlet, with the study area extending along the outcrop trend between Iniskin and Tuxedni bays. Middle Jurassic and younger forearc basin strata, including the Naknek Formation, lie southeast of the Bruin Bay fault system (BBFS), which is generally regarded as the forearc basin margin (LePain and others, 2013); Lower Jurassic volcanic strata and Jurassic plutonic rocks of the Talkeetna arc (see Alaska–Aleutian Range batholith [AARB]) dominantly crop out northwest of the BBFS. Figure modified from Wartes (2015b); geologic map modified from regional compilation by Wilson and others (2009, 2012).

Figure 3. Geologic maps of the (A) Hickerson Lake and (B) Mount Pomeroy areas. Mapping was conducted at 1:63,360 scale and documents the largest-scale stratigraphic relations described in this report. See figure 1 for index map. Abbreviations: Cgl. = Conglomerate; Kimm. = Kimmeridgian; mbr. = member.

[bookmark: _GoBack]Figure 4. Oblique aerial view southeastward of the northern extent of Chisik Island. Key stratigraphic relations in the Snug Harbor Siltstone (Jns) and Pomeroy Arkose (Jnp) Members (and subscripted divisions) are discussed in the text. (A) Oblique aerial photograph. (B) Photogeologic rendition. (C) Line-drawing rendition. View toward center of photograph is nearly dip-direction parallel, with bedding dipping ~15° southeastward (into and toward left of photograph). Approximately 400 m of topographic relief lie between peak 2674 and the base-of-cliff exposures of Chisik Conglomerate Member (Jnc), for sense of scale; the exposure is ~900 m wide at brush line near the Naknek–Chinitna Formations contact. A–C are modified from Herriott and others (2016a). (D) Detailed view of area noted in B (magenta dashed line). (E) Photogeologic rendition of D. Note the upsection diminishment of the master channel margin gradient. The field of view in D and E is ~500 m wide. Photograph by T.M. Herriott. Stratigraphic units (ascending order): Jcp = Paveloff Siltstone Member, Chinitna Formation; Jnc = Chisik Conglomerate Member, Naknek Formation; Jnss = lower sandstone member, Naknek Formation; Jns = Snug Harbor Siltstone Member, Naknek Formation; Jnp = Pomeroy Arkose Member, Naknek Formation.

Figure 5. Photographs of the >5-m-thick, boulder-bearing cobble conglomerate in the Snug Harbor Siltstone Member, southwest shore of Hickerson Lake (fig. 1). (A) The chiefly rounded-cobble conglomerate is disorganized, clast supported, and lacks evident internal stratification. Geologist for scale. Photograph by M.A. Wartes. (B) View of sharp, erosional base (orange short-dashed line) of the channel-form cobble conglomerate bed (Jns2), which overlies fine-grained strata typical of Snug Harbor (Jns1). Larger-scale stratigraphic context is in figure 6. Notebook is 12  19 cm for scale. Line symbology after figure 4. Photograph by P.L. Decker.

Figure 6. Oblique aerial view southwestward of peak 3140 area (fig. 3B), with the southwestern shoreline of Hickerson Lake in the foreground. Key stratigraphic relations in the Snug Harbor Siltstone (Jns) and Pomeroy Arkose (Jnp) Members (and subscripted divisions) are discussed in the text. (A) Oblique aerial photograph. (B) Photogeologic rendition. (C) Line-drawing rendition. View toward center of photograph is generally strike parallel, with bedding dipping ~20° southeastward (toward left of photograph). See stratigraphic thicknesses for sense of scale. Figure modified from Herriott and others (2015a). Photograph by T.M. Herriott. Stratigraphic units (ascending order): Jnss = lower sandstone member, Naknek Formation; Jns = Snug Harbor Siltstone Member, Naknek Formation; Jnp = Pomeroy Arkose Member, Naknek Formation.

Figure 7. Photographs of the area northeast of Hickerson Lake. (A) Oblique view northeastward, with the northeastern shore of Hickerson Lake in the foreground. See text for discussion of stratigraphic thicknesses and map unit relations. View toward center of photograph is approximately strike parallel, with bedding dipping ~25° southeastward (toward right of photograph). See stratigraphic thicknesses for sense of scale; note also that Snug Harbor Siltstone Member (Jns) at ridgeline is ~3 km north–northeast of Snug Harbor section at shoreline. (B) Oblique aerial view northeastward of the base of Pomeroy Arkose Member along the northeastern shore of Hickerson Lake; see area noted by magenta dashed line in A for reference to field of view. This well-exposed basal section of the Pomeroy is >40 m thick and comprises a channelized and tabular-bodied conglomerate package with subordinate sandstone; this interval is recognized as Jnp1. Photographs by T.M. Herriott. Stratigraphic units (ascending order): Jc = Chinitna Formation; Jnss = lower sandstone member, Naknek Formation; Jns = Snug Harbor Siltstone Member, Naknek Formation; Jnp = Pomeroy Arkose Member, Naknek Formation; Cz = Cenozoic strata.

Figure 8. Photographs of two cirque headwalls ~3–4 km northeast of Hickerson Lake. (A) Oblique view northeastward of cirque headwall (labeled NW cirque in fig. 3A) immediately beyond figure 7A skyline. Photograph by T.M. Herriott. (B) Photogeologic rendition of A. Channel-form stratal surfaces (orange short-dashed lines) are common in Jns2 and Jnp1; the Jns1–Jns2 contact defines a master channel margin (orange long-dashed line at center left of figure) comparable to the surfaces mapped in figures 4, 5B, and 6. Jns at lower right is the upper part of the ~100-m-thick Snug Harbor section along the ridgeline of figure 7A. Thin yellow lines delineate steep ridges that disrupt perspectives of sediment body continuity in the steep cliff face. View is approximately strike parallel, with bedding dipping 26–28° southeastward (toward right of photograph). See stratigraphic thicknesses for sense of scale; the headwall is ~450 m wide at the base of Pomeroy. (C) Oblique aerial view southwestward of cirque headwall (labeled NE cirque in fig. 3A) ~0.8 km beyond ~100-m-thick Snug Harbor section in figure 7A and immediately beyond skyline of A and B. Note the excellent expression of Jns2 facies at left, including tabular-bedded siltstone and arkose as well as channelized arkose; channel-form sediment bodies of Jnp1 onlap Jns2. View is nearly strike parallel, with bedding dipping 27–28° southeastward (toward left of photograph). Photograph by M.A. Wartes. (D) Outcrop denoted by magenta arrow in C. View of channelized pebbly sandstone and cobble conglomerate at base of Jns2. Jns2 arkoses are tannish-brown-weathering, whereas overlying Pomeroy arkoses (B and C) are distinctly gray-weathering, likely reflecting upsection diminishment of mud in the sandstones. Pencil (in magenta ellipse) is 14 cm long for scale. Photograph by T.M. Herriott. Additional figure 8 line symbology after figures 4 and 6. Stratigraphic units (ascending order): Jnss = lower sandstone member, Naknek Formation; Jns = Snug Harbor Siltstone Member, Naknek Formation; Jnp = Pomeroy Arkose Member, Naknek Formation.

Figure 9. Photographs of the Mount Pomeroy area. (A) Oblique view eastward of Mount Pomeroy (orange arrow), which comprises chiefly thin-bedded siltstone with subordinate thicker-bedded and arkosic sandstone. This exposure is the upper part of a very thick (~425 m) Snug Harbor stratigraphy; the only comparable Snug Harbor thickness elsewhere in the study area is observed west of Hickerson Lake (section 2.2.2). View is approximately strike parallel, with bedding dipping ~30° southward (toward right of photograph; fig. 3B); note that the uppermost beds of Snug Harbor lie to right of the photograph along the dip-slope south of Mount Pomeroy. Figure modified from Herriott and Wartes (2014). Photograph by T.M. Herriott. (B) Oblique aerial view southward of the ridge extending west of Mount Pomeroy, which lies ~0.6 km along strike to the west (left) of this field of view. Photograph by M.A. Wartes. (C) Photogeologic rendition of B. Channel-form sediment bodies of Jnp1 onlap Snug Harbor along a sharp, erosional contact that cuts across ~100 m of stratigraphy in this ~0.7-km-wide field of view. View is approximately dip parallel. See Jnp1 stratigraphic thickness for sense of scale. Red arrow marks the easternmost extent of the Snug Harbor–Pomeroy contact on this cliff face (see also fig. 10). Additional line symbology after figure 6. Stratigraphic units (ascending order): Jnss = lower sandstone member, Naknek Formation; Jns = Snug Harbor Siltstone Member, Naknek Formation; Jnp = Pomeroy Arkose Member, Naknek Formation.

Figure 10. Oblique aerial photographs depicting stratigraphic relations in the Snug Harbor Siltstone (Jns) and Pomeroy Arkose (Jnp) Members of the Mount Pomeroy area between Iniskin and Oil bays (figs. 1 and 3B). (A) View eastward of the Mount Pomeroy (orange arrow in B) area uplands. (B) Photogeologic rendition of A. The easternmost extent of Pomeroy Arkose strata (Jnp1) in the cliff face is marked by the red arrow (see also fig. 9C). Snug Harbor extends for ~1 km on the Iniskin Bay coastline (for sense of scale) and is demonstrably thinner (by ~175 m) there than at Mount Pomeroy. View is nearly strike parallel, with bedding dipping ~25° southward (toward right of photograph). (C) View southwestward of the Mount Pomeroy (orange arrow in D) area uplands. (D) Photogeologic rendition of C. The Snug Harbor stratigraphy at Mount Pomeroy lies along strike from lithologically distinct Pomeroy strata (Jnp1) in the cliffs to the west (right). The lithostratigraphic contact between these two units cuts across the stratigraphy (downsection from red arrow [see also figs. 9C and 10B] toward right of photograph); see text for further discussion. View is oblique to strike (east) and dip of bedding (~25° south). See Jns stratigraphic thickness for sense of scale. D is modified from Herriott and Wartes (2014). For additional geographic reference, The Toadstools (fig. 3B) are at the brown arrows of B and D. Thin magenta lines in B and D delineate steep ridges that disrupt perspectives of sediment body continuity in the steep cliff face. Additional figure 10 line symbology after figure 6. Photographs by T.M. Herriott. Stratigraphic units (ascending order): Jc = Chinitna Formation; Jnc = Chisik Conglomerate Member, Naknek Formation; Jnss = lower sandstone member, Naknek Formation; Jns = Snug Harbor Siltstone Member, Naknek Formation; Jnp = Pomeroy Arkose Member, Naknek Formation. 

Figure 11. Photographs of Jnp1 arkose and conglomerate at Iniskin Bay. (A) Sharp juxtaposition of lithofacies and relief along channel-form stratal surfaces (orange short-dashed lines) reflect a highly erosive setting with cut-and-fill-style sedimentation characterized by disorganized conglomerate and sandstone. Geologist for scale. Photograph by M.A. Wartes. (B) Disorganized, very-thick-bedded, poorly sorted conglomerate. Clasts are predominantly arc-derived diorite and mafic metavolcanic lithologies. Hammer head is 16 cm long for scale. From Wartes and others (2013). Photograph by M.A. Wartes. (C) A >2 m (apparent long dimension) diorite boulder hosted in an arkosic sandstone block from a cliff of Jnp1 immediately above the east shore of Iniskin Bay. This outsized clast suggests high-energy, highly competent, channelized flow conditions that are consistent with our observations of Jnp1. Geologist for scale. Photograph by T.M. Herriott.

Figure 12. Schematic block diagram of a generalized marine delta–shelf–slope–base-of-slope–basin-floor depositional profile, with a submarine canyon incised into slope strata and bounded by master levees along its lower reaches near the base of slope. The shallow- to deep-water transition lies at the shelf–slope break; the slope gradient is exaggerated for clarity (note vertical and horizontal scales). Figure modified from Pickering and others (1989); Posamentier and Kolla (2003), Posamentier and Walker (2006), and Hubbard and others (2012).

Figure 13. Schematic cross sections of confinement mechanisms for deep-water channel systems with two end members: erosional (A) and aggradational (C); a mixed erosional–aggradational case (B) represents a continuum for channel confinement and maintenance processes and is likely dominant in natural systems. The focus of the current study is the largest-scale container that hosts the canyon fill, but note that similar relations of erosion and aggradation at channel margins occur at many scales within channelized deep-water systems (see footnote 5). Levee heights in B and C are not intended to be drawn to scale; levee growth is contemporaneous with sediment gravity flows transiting channel axes; channel-fill strata are omitted for clarity. Figure modified from Clark and Pickering (1996) and Weimer and Slatt (2007); see also Stow and Mayall (2000).

Figure 14. Generalized block diagram exhibiting stratigraphic and structural elements of the basin margin associated with the Naknek Formation deep-water canyons. The nonmarine and shelfal record of the portrayed depositional systems were eroded during later deformation of the forearc basin stratigraphy. Figure adapted from Reading and Richards (1994), Richards and others (1998), and Weimer and Slatt (2007). Abbreviations: BBFS(?) = Bruin Bay fault system(?) (query indicates uncertainty in fault system’s influence on Naknek sedimentation [see text for discussion]; northwest dip magnitude not drawn to scale); NE = northeast.

Figure 15. Schematic framework of sequence-stratigraphic surfaces and systems tracts employed by this study. The basal surface of forced regression serves as the sequence boundary, with a stratigraphic sequence comprising the intervening stratigraphy. See text for further discussion of this terminology and its application to the Naknek Formation.

Figure 16. Oblique aerial photographs depicting mountain-scale outcrop expression of sequence-stratigraphic (red dashed lines and red labels) and lithostratigraphic (black or white dashed lines and white labels) units and surfaces in the Naknek Formation of canyon-associated areas; parenthetical labels are interpretations supported by lithostratigraphic and sequence-stratigraphic lines of evidence. (A) View southeastward of the Chisik Island canyon locality. See text for discussion of stratigraphic relations. The exposure is ~900 m wide at brush line near the Naknek–Chinitna Formations contact, for sense of scale. See figure 4A for noninterpreted photograph and additional context. (B) View southwestward of the Hickerson Lake area canyon near peak 3140. Note that the intra-Jns maximum flooding surface is not identified here due to poor exposure (compare to A and fig. 17). Snug Harbor is approximately 500 m thick at right of figure, for sense of scale. See figure 6A for noninterpreted photograph and additional context. (C) View eastward of The Toadstools (identified by brown arrow in D) area of Iniskin Bay. (D) Sequence-stratigraphic interpretation (with lithostratigraphic units) of C. The amount of apparent onlap of Chisik onto the Paveloff Siltstone Member (Jcp; see small red queried arrow) may be exaggerated due to talus cover, but some degree of onlap across the sequence boundary (BSFR/SB-1) is consistent with stacking of fan delta on shelf (compare with Posamentier and Allen, 1999). Similar to B, the intra-Jns maximum flooding surface is not identified due to poor exposure. View is nearly strike parallel. Chisik is 131 m thick at deeply shadowed gorge (right of LST-1 label), for sense of scale. See figure 10A and B for a higher-altitude perspective of this area. Lithostratigraphic linework of D modified after Herriott and Wartes (2014). Additional figure 16 line symbology after figures 4 and 6. Small red arrows mark onlapping stratal terminations. Stratigraphic units (ascending order): Jcp = Paveloff Siltstone Member, Chinitna Formation; Jnc = Chisik Conglomerate Member, Naknek Formation; Jnss = lower sandstone member, Naknek Formation; Jns = Snug Harbor Siltstone Member, Naknek Formation; Jnp = Pomeroy Arkose Member, Naknek Formation. Sequence-stratigraphic surfaces and units (ascending order): BSFR/SB-1 = basal surface of forced regression/sequence boundary 1; LST-1 = lowstand systems tract 1; TS = transgressive surface; TST + HST = transgressive systems tract and highstand systems tract; BSFR/SB-2 = basal surface of forced regression/sequence boundary 2; LST-2 = lowstand systems tract 2. Photographs by T.M. Herriott.

Figure 17. Oblique aerial photographs depicting mountain-scale outcrop expression of sequence-stratigraphic (red dashed lines and red labels) and lithostratigraphic (white dashed lines and white labels) units and surfaces in the Naknek Formation of inter-canyon areas. (A) View northeastward of a ridge west of Griffin Creek (fig. 1). (B) Sequence-stratigraphic interpretation (with lithostratigraphic units) of A. BSFR/SB-2 is a correlative conformity in inter-canyon areas (see also D). View is approximately strike parallel. Jns extends for ~430 m along the ridge, for sense of scale. (C) View southwestward of the Shark Tooth Hill area (fig. 1). (D) Sequence-stratigraphic interpretation (with lithostratigraphic units) of D. View is approximately strike parallel. The Snug Harbor is 285 m thick, for sense of scale. Lithostratigraphic linework for B and D from Herriott and Wartes (2014). Stratigraphic units (ascending order): Jcp = Paveloff Siltstone Member, Chinitna Formation; Jnss = lower sandstone member, Naknek Formation; Jns = Snug Harbor Siltstone Member, Naknek Formation; Jnp = Pomeroy Arkose Member, Naknek Formation. Sequence-stratigraphic surfaces and units (ascending order): BSFR/SB-1 = basal surface of forced regression/sequence boundary 1; LST-1 = lowstand systems tract 1; TS = transgressive surface; TST = transgressive systems tract; MFS = maximum flooding surface; HST = highstand systems tract; BSFR/SB-2 = basal surface of forced regression/sequence boundary 2; LST-2 = lowstand systems tract 2. Photographs by T.M. Herriott.

