WILLAMETTE VALLEY

The papers you cited and the faults in them are in the Qfaults database and were considered for the 2002 maps. Nonetheless, it's always worthwhile to remind me to make sure of that.

Since then, the Wang et al. paper on the Mt. Angel fault (2003, Tectonophysics) described their interpretation of two faults that offset the buried top of the 22-34 ka Linn Gravel. Fig. 5 shows a refraction record that's interpreted as showing a fault at the top of the Linn, but the fault is at the limit of resolution and not convincing. Fig. 6 shows a profile made from all of the refraction records. The profile shows two depth irregularities that were interpreted as fault offsets. However, an alternative explanation is that these and many similar depth irregularities along the profile might be results of erosion before or during deposition of the post-Linn strata. Figs. 7 and 8 show reflection profiles with faults interpreted at two locations on each profile. It's unclear why the authors did not also infer faults at several similar features elsewhere along both profiles. I can't say that they did not image faults, just that the case for faulting is not convincing as presented.

In addition, at the southeast end of the fault reach that they studied they interpreted 6 m of vertical offset of the Linn Gravel on their fault F2. That would imply a vertical slip rate of 0.2-0.3 mm/yr on F2. Most of the area studied is blanketed by Missoula deposits. If the Missoula surface is 19-13 ka, then 0.2-0.3 mm/yr vertical would imply a young scarp 3-6 m high (I'm using the Benito and O'Connor (GSA Bull., 2003) dates for the main flooding). As far as I know no scarp has been reported on the Missoula surface.  Ian may know better ... he and I have wrestled with the same question for other Portland-region faults.

Regardless, I agree with Wang et al's closing statement that points out promising trenching sites. I was excited by Ian's talk at the workshop, in which he showed visible stratigraphy and a small mappable graben in the Missoula deposits.

OR COAST AND OFFSHORE

Thanks for alerting me to your Stonewall anticline paper. I should have picked it up during my literature search in 2000 but missed it. It makes a good case for a blind reverse fault that is still active at a measurable rate. I'll suggest to the group here that we consider adding the structure  for 2007. Of the three rates that you calculated, the most appropriate for the maps would be the Holocene rate.

I look forward to reading the two papers on Heceta Bank. We prefer to use stuff that is published so that others can examine it too, but in practice "published" has a wide definition. Mss. that have been accepted by a journal for eventual publication should be ok.

YAKIMA FOLD BELT

You made two good points about the faults that underlie the anticlines of the fold belt (YFB). (1) All the faults have had similar long-term deformation histories since eruption of the Columbia River Basalt Group (CRBG) 16-10.5 Ma. (2) Slip rates are so low that the absence of a known surface rupture on any one of the faults since the deposition of the Missoula flood deposits 19-13 ka does not require that the fault be inactive now, or even less active that the faults that have post-Missoula surface ruptures. There are two additional batches of evidence that we will need to consider. Both batches are consistent with your two points.

First, the trenching results from the Mill Creek fault on Toppenish Ridge can be interpreted as showing large earthquakes that cluster in time. The earthquakes at 6-7 ka and 40-60 ka each involved about 3 m of fault-parallel slip. The intervening earthquake at 10-11 ka might have been of similar size. Three m of fault-parallel slip for the two post-Missoula earthquakes equals 5.2 m of vertical slip (the national hazard maps use vertical slip rates and convert these back to fault-parallel slip). If we assume that we are still in the post-Missoula earthquake cluster, the vertical slip rate would be 0.4-0.3 mm/yr. Geomatrix (1996 Hanford hazard assessment) calculated long-term slip rates from uplift of the CRBG on 11 YFB faults. The vertical components of the 11 rates average 0.04 mm/yr, a value also obtained by Reidel et al. (1994). If one assumes that the earthquake cluster also included the 40-60 ka earthquake, the vertical slip rate for the cluster drops to 0.2-0.1 mm/yr, but the assumption that we are still in the cluster may be more acceptable with 3 clustered earthquakes having occurred already instead of just two. The vertical slip rate for the cluster is 6-9 times as fast as the long-term slip rate if the cluster contains only two earthquakes so far, and 3-9 times as fast if it contains three. The map patterns shown on the WA state geologic map indicate that these fast slip rates not have been occurring for a geologically long time: the anticlines are not wide enough or numerous enough. Thus, the trenching results on the Mill Creek fault imply that the fault appears to alternate relatively short episodes of frequent earthquakes with longer periods of significantly less frequent earthquakes. A similar but weaker case can be made for the Saddle Mountains fault.  These are the two best-studied faults in the YFB and the only two with trenching results from their middle portions where young faulting might be best developed. Perhaps all the faults of the YFB take turns breaking in clusters of earthquakes to accomodate the long-term N-S shortening of the region. Clustering would not change the similar long-term slip rates of the faults.

Second, Geomatrix (1996 Hanford report) postulated probabilities of activity (P(A) for individual YFB faults. They assigned Toppenish Ridge a P(A) of 1, Saddle Mountains 0.5, and all others 0.25. Among other factors, they considered early paleoseismic results from the Mill Creek and Saddle Mountains faults. The low P(A)s assigned to most YFB structures are consistent with the interpretation of clustering, with the Mill Creek and perhaps the Saddle Mountains faults being presently in clusters.

SO WHAT?

You may already know what follows. If so, please ignore it with my apologies. What we do with all this will be influenced by a fundamental difference between the hazard maps and a site-specific hazard assessment like that of Geomatrix (1996). The maps are designed for use in building codes that apply to huge numbers of non-critical structures such as homes and 1-2-story commercial buildings, which require protection against strong ground motions that have annual probabilities of 10**-4 to 10**-3 and larger. In contrast, site-specific analyses are performed for a much smaller number of critical structures such as dams and nuclear facilities, which require protection against much less likely events that might produce strong motions with annual probabilities of 10**-4 to -5 or smaller.

Site-specific analyses need to include most or all of the faults of the YFB. Geomatrix (1996) does that and I presume that any analyses for the dams in the region do too. In contrast, the national maps are concerned mainly with faults that are known to have been active in and since the late Pleistocene, and preferably during the latest Pleistocene and Holocene. Faults that have slipped before then but not since produce annual probabilities of strong motions that probably are too low to matter for the maps' purposes. Nonetheless, we will need to think carefully about all the matters that you and I have raised. It's interesting that Art Frankel's recent calculations to extend the maps' results to smaller annual probabilities show the maps' hazard at Hanford to be very similar to the hazard computed by Geomatrix (1996). The two treatments of the faults and the goals of the two analyses are different enough that I, at least, could not have predicted that agreement.

Thanks for making me and us think about these things in more detail. That's what the workshops are about. I'm glad that you were able to attend and that I had a chance to meet you.

Best wishes,

Rus
