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SLIDE 3 – What is the STATE of Our Knowledge?
The Franciscan Complex of California is much more thoroughly understood now than it was in 1964 when Bailey, Irwin, and Jones compiled their compendium on Franciscan rocks and in 1972, when Berkland et al. asked “What is Franciscan?” and defined the Franciscan as a Complex, dividing it into three belts. 
SLIDE 4 - The DEFINITION remains similar to that of Berkland et al., but must be somewhat modified (e.g., taking into account the recent work of Chapman et al., 2016).
	The Franciscan Complex is known as folded, faulted, and stratally disrupted rocks that together form the supramantle basement complex of the Northern and Central California Coast Ranges, and their extensions into southern Oregon, exposed east of the SA Fault and west of and structurally below the principal exposures of the Coast Range Fault, Coast Range Ophiolite, Great Valley Group, and Klamath rocks.   The unit is dominated by clastic and metaclastic rocks, but contains a wide array of oceanic crustal rocks and low- to moderate-temperature, low- to high-pressure metamorphic rocks.
	• What Berkland, Raymond, Kramer, Moores, and O’Day set out to do — building on earlier work of Hamilton, Ernst, and Page — was to clarify the distinct structural and metamorphic differences between the Franciscan “Formation” and the Great Valley “Sequence” of the old terminology, to define clearly some important terms, and to cast the differences between the units in the context of Plate Tectonics, in response to the paradigm shift from Geosynclinal Theory to Plate Tectonics.                                                                
	• At once, they shifted the discussion from a stratigraphic discussion of the Franciscan “Formation” to questions of the character of this unit – a Complex in the new stratigraphic terminology — and to a discussion of the character and architecture of a rock body formed through subduction.
SLIDE 5 - WHAT HAS CHANGED FROM 1972 TO 2016?
	New data — especially age data of various types; data on submarine fan facies; new large-scale maps— represent major changes, and together with perspectives on fundamental and central definitions and historical precedence, these data suggest now that:
	(1) the Belt terminology as applied to the entire Franciscan Complex is inconsistent with old definitions and current understandings of Franciscan architecture and character and should be abandoned; 
SLIDE 6
· (2) that nappe designations and most (but not all) terrane assignments are inconsistent with existing definitions and our current understandings of Franciscan architecture and character, and should be abandoned; 
· (3) that underthrust-related accretionary masses (mélange bodies and underthrust sheets) are the best major architectural units into which the Franciscan Complex should be divided; and 
· (4) that lithostratigraphic and tectonostratigraphic units, such as broken formations and mélanges, mapped at the medium- to large-scale, are the best local units for subdivision of Franciscan architecture. 
SLIDE 7 – First, I begin with BELT names.  THE BELT NAMES SHOULD BE ABANDONED.  Why? Berkland et al. (1972) named the three belts that first served as major architectural units. These were later abandoned by some, subdivided into tectonostratigraphic terranes by others, yet continue to be used by still others, creating considerable confusion.  These names were applied to the northern Coast Ranges north of the San Francisco area, but even there, problems exist with their application.
SLIDE 8 – MAPS provide examples of the problems now resulting from the Belt names.  For example, in the Northern SF Bay Region — the old Central Belt, shown in green on the left, has been subdivided into many terranes, including the Marin Headlands Terrane, Novato Quarry Terrane, Angel Island Terrane, Nicasio Reservoir Terrane, and others, shown on the right.  New mapping provides a far more detailed picute of Franciscan architecture than do belt designations.
SLIDE 9 - The maps in Slide 9 highlight another PROBLEM: To Wit, BELTS OF THE SAME NAME HAVE DIFFERENT CHARACTERISTICS.
	For example,
	• The Central Belt north of San Francisco, which by definition and thought was considered to be dominantly shale-matrix mélange (as is the Central Belt to the north), now is known to be dominated by Ss-rich units. The middle map here showing the area north of San Francisco, has units in blue, gray, light green, and light purple, all dominated by sandstone.  So, here, the so-called Central Belt differs from the Central Belt farther north, and is dominated by sandstone-rich units rather than the shale-matrix-rich mélange of the type area of the Central Belt to the north.
	• This is highlighted in detailed map areas, such as that at the top for the Jenner Headlands (from Raymond, 2016), which contains a stratigraphic column of five units, the top one of which is serpentinite-matrix mélange (light purple) and the other four of which are dominated by sandstone and metasandstone (lumped together here as the green unit).
	• In the bottom map from western Marin County’s Pine Mtn.-Alpine Lake region (from Raymond and Bero, 2015), detailed mapping shows the Franciscan Complex (in white) to include four units, two of which are dominated by mudrocks and two of which are dominated by sandstone/metasandstone. • Here, all rocks were called Central Belt: Yet they are far more comparable in many characters, including dz age, with the Yolla Bolly rocks of the Eastern Belt.  The main difference is they are of lower metamorphic grade.
Pine Mtn-Alpine  Lake Area			Compared with Eastern 
Central Belt/Central Terrane			Belt - Yolla Bolly Terrane
•Dominated by sandy metaclastic rx		•Dominated by sandy metaclastic rx
• Contains cherts & metabasites		• Contains cherts & metabasites
• Locally has HG metamorphic rx		•Locally has HG metamorphic rx
• Locally contains mélange			• Locally contains melange
• Dominant Mm is Pr-Pmp Facies		• Dominant Mm is Blueschist Facies
• dz depositional ages-100-122ma		•dz depositional ages-98-118ma
 	[NOTE: There are some structural differences, as well.]
Sources:  (Blake et al., 1999; Prohoroff et al., 2012; Raymond and Bero, 2015; Dumitru et al., 2015)
	Note:
	• The DZ ages here overlap DZ ages of the Eastern Belt YB rocks,
	• The metamorphism is of lower grade (Pr-Pm Facies) than in the YB Belt (Blueschist 	Facies) and in some cases is as low in grade as rocks of the Coastal Belt.
SLIDE 10 – A Second example is provided by rocks of the Diablo Range (not originally assigned to belts by Berkland et al. (1972). In the NE Diablo Range, rocks thought to be YB Eastern Belt rocks, because of metamorphic grade and lithology, have dz depositional ages generally younger than type-Eastern Belt rocks, but ages that overlap the depositional ages of Central Belt rocks (Joesten et al. 2004; Raymond, 2014; Dumitru et al. 2015).
	• I also note here that attempts to assign belt names in the Diablo Range and south of the latitude of San Francisco, where the Belts were not initially designated, has created some problems in understanding the architecture and unit relationships (e.g., see Raymond, 2014). 
	• THEREFORE, I now recommend that Belt terminology be abandoned.  The Belt divisions just do not work.
SLIDE 11 – My second point is that MAJOR FRANCISCAN ARCHITECTURAL UNITS SHOULD NOT BE CALLED NAPPES.
	Designating major Franciscan architectural units as nappes is inconsistent with the definition and general use of the term of “nappe;” A nappe is defined as “a large allochthonous, sheet-like tectonic unit that has moved along a predominantly subhorizontal floor” (Dennis, 1967, International Tectonic Dictionary).  The term now commonly connotes a recumbantly folded (over)thrust sheet. Since Franciscan units are underthrust, rather than overthrust and may or may not be recumbantly folded, it would be best not to use the term “nappe,” which has certain language “baggage” associated with it.  The term “nappe” is not appropriate.
SLIDE 12 – My third major point is that Most formerly named Franciscan terranes do not fit the basic definition of a terrane, and MOST (but not all) TERRANE NAMES AND DESIGNATIONS SHOULD BE ABANDONED.  To elaborate, tectonostratigraphic terranes are defined as fault-bounded regional blocks of rocks that have geologic histories different from those of adjoining blocks [(and I emphasize), therefore, cannot have stratigraphic connections with adjoining blocks] (Irwin 1972; Coney et al. 1980; Howell et al. 1985). 
SLIDE 13 – Cherts are widely distributed in former Eastern and Central Belt regions and span the age range of Early Jurassic to Middle Cretaceous.  Here, for example are chert sections in the well-known Marin Headlands area, in the Heaven’s Beach Melange of the Sonoma Coast, and the northeastern Daiblo Range.  The first two were assigned to the Central Belt and the third, both to the former Eastern Belt Yolla Bolly Terrane and to the Eyler Mtn. Terrane.
SLIDE 14 – Looking at what we know of the ages of the cherts in various sections scattered within rocks assigned to traditional Eastern Belt and Central Belt, we see that the cherts are temporally correlative, as shown here in a chert section correlation chart, as well as lithologically similar. The ages of so-called Central Belt/Central Terrane cherts and so-called Eastern Belt terrane cherts overlap.  Notably, former Central Belt rocks now assigned to the “Marin Headlands Terrane,” include rock types, especially cherts, equivalent to and with ages overlapping those of parts of the Yolla Bolly Terrane of the Eastern Belt, the Angel Island Terrane of the Central Belt, units of the NE and Central Diablo Range that have been assigned to the Eastern and Central Belts, and parts of the undivided “Central Belt.”  Hagstrum and Murchey (1993) make the case that all these cherts were deposited in an equatorial zone of the paleoPacific ocean.
· Thus, for example, we can conclude that it is doubtful that the Marin Headland rocks constitute a fault-bounded regional block of rocks that has a geologic history different from (and with no correlations with) the histories of adjoining blocks that also contain similarly-aged chert sections deposited on oceanic crust.
· • Therefore,for example, the (Central Belt) Marin Headlands rocks do not constitute an independent terrane having no correlation with parts of the Eastern Belt Yolla Bolly Terrane or the so-called “Central Belt Terrane” of the Geysers area that have similar chert sections. 
· As best we can tell, the cherts were all deposited in a vast, diachronous equatorial Pacific zone before being accreted to North America.  As part of this vast, but theoretically continuous belt, the cherts are correlative parts of a SINGLE chert unit and HENCE the terranes containing them have a stratigraphic connection and cannot, by definition, be separate terranes with different names. The named units are not independent terranes and should not be designated as such.  MANY FRANCISCAN TERRANE NAMES, such as the Marin Headlands Terrane, the Angel Island Terrane, and others SHOULD BE ABANDONED.
SLIDE 15 – A less compelling and data-deprived case can be made by comparing the rock types of the Yolla Bolly Terrane/Eastern Belt of far northern California with those of the Central Belt/Terrane of the same region. It is widely documented that the rock types are largely the same, but occur in different proportions, with the exception that more high-grade blocks characterize parts of the Central Belt.  Overprinted metamrophism and penetrative strain also differ betweenteh two rock masse.  Nevertheless, the data of Dumitru et al. (2015) show considerable overlap in age for these two “terranes,” so that notwithstanding some enigmatic complexities, these data suggest that the belts are NOT distinct and that they have stratigraphic and provenance links.  (The Central Terrane (Belt), in part, may be a distal part of the (eastern) Yolla Bolly Terrane submarine fan complex.)  Hence, by definition, the YB and related units of the Eastern Belt and the Central Belt would seem not to represent two separate tectonostratigraphic terranes, but two related accreted masses of rock.
SLIDE 16 – As a fourth major point, I suggest that
· Mappable accretionary masses are the best major architectural units into which the Franciscan Complex should be divided.  
· What are accretionary masses?  They are of two types, (1) underthrust sheets and (2) melange packets that occur in units of a
· Scale of 10 - 10s of m thick and kms in lateral dimension.
SLIDE 17 — Wakabayashi (1990; 2013; 2015) led the way towards this new view of Franciscan architecture [calling the underthrust sheets “nappes”], suggesting that correlative accretionary masses exist as major architectural units in the SF Bay area. These accretionary masses also include melange units marking megathrust zones (Wakabayashi and Rowe, 2015). Bero (2014), Raymond and Bero (2015), and Raymond (2016) likewise showed repeated stacking of similar accretionary masses at various locales north of San Francisco shown here in Slide 17.
	• In the simplified columns shown here for the area between Jenner in Sonoma County and Tiburon Peninsula in SE Marin County, clearly there are similar stacking orders in the accretionary complex.  A similar, partial stacking order of accretionary masses was shown to exist at El Cerrito by Wakabayashi (2013).  Elsewhere, the stacking order seems to be different, as shown here for the NE Diablo Range.
SLIDE 18 — Finally, my fifth point is that traditional lithologic-based mapping should not be abandoned.  Medium- to large-scale lithostratigraphic and tectonostratigraphic units, such as broken formations and mélanges, are the best local units for subdivision of Franciscan architecture and for illuminating detailed Franciscan sedimentological and structural history. 

SLIDE 19 — For example, near Jenner, Bero and I have mapped a tectonostratigraphy based on 	lithology and structure that includes five Franciscan units, including a serpentinite-matrix 	mélange at the top and four structurally underlying sandstone-rich units, including the 	sandstone-mudrock-matrix, coastal, Heaven’s Beach Melange.
· Similar mapping by others, including Ken Aalto, Darrell Cowan, Bob McLaughlin, David Bero, Gary Ernst, and me reveal that such mapping is possible and informative.
SLIDE 20 — There are significant Franciscan controversies remaining.
These Include: 
(1) two chert conundra, 
(2) the Megathrust vs. subduction channel issues, especially relating to the nature and 	history of the former Central Belt, 
(3) the origins of many specific Franciscan mélanges, 
	(4) the nature of Franciscan Complex architecture, and 
	(5) resolution of the tectonic history (and best model) for uplift and widespread 	juxtaposition of relatively thin sheets of blueschist facies rocks and similar sheets of  	prehnite-pumpellyite facies rocks in the accretionary complex.
SLIDE 21 — To briefly elaborate on one Chert Conundrum, we can ask, “Do all chert bodies represent parts of oceanic plate, basalt-chert-	sandstone sequences, and, therefore, require fault contacts between the chert and any underlying sandstone?” or the
   	Corollary: Question – “Are any Franciscan cherts interbedded with sandstone?”
	A long line of geologists formerly thought cherts and sandstones were locally interbedded — e.g., Davis (1918), Taliaferro (1943); Bailey et al. (1964), Raymond (1974); and Blake (1984).  Were they wrong in every case — or are we now applying a model without evaluating details?
SLIDE 22 — Second (or B as Click and Clack might have said), if, as I have argued, all Franciscan 
	cherts formed in the equatorial Pacific between Middle Jurassic and Middle Cretaceous time, does it not mean (as I have argued here) that any Franciscan unit containing those deposited cherts correlates, in part, with any other unit containing those cherts and that all units with chert-stratigraphic components are, by definition, part of the same “terrane?”  This needs further evaluation.

SLIDE 23 — Subduction Channels vs. Megathrusts. A question that needs further work is, “Which, if any, Franciscan melanges represent megathrust faults? and which, if any, represent subduction channels?
SLIDE 24 — Other issues that need work (mostly of the ordinary science type vs. pardigm shifting 	type) are as follows.  We need
	• a detailed pre-San Andreas reconstruction of the California North American margin 			(Franciscan-Great Valley Group focussed); 
	• additional detrital zircon dating to further clarify the complete sedimentation history 	    		of the Franciscan Complex;
	• delineation of major accretionary masses; and
	• detailed maps of units within major accretionary masses.
	WE HAVE WORK YET TO DO.
SLIDE 25 – THANK YOU for your ATTENTION.
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