
Alluvial Fan Process Group 
 

 
 

 

The alluvial fan channels are variable 

gradient streams strongly influenced by 

colluvial and alluvial sediment 

deposition. AF channels are located on 

footslope landforms in the transition area 

between valley floodplains and steep 

mountainslopes and are preceded by 

High Gradient Contained channels.  

These coarse material deposits are 

formed by the rapid change in transport 

capacity as the high energy 

mountainslope streams spill onto the 

valley floor. Drainage channels change 

course frequently resulting in a multi-

branched stream network across the fan 

landform. Riparian area reflects the shape 

of the landform, narrow at the apex and 

boarder at the bottom where the fan 

spreads out.  

AFM 



Moderate Gradient Alluvial Fan Channel 

Map Symbol: AFM 
 

The AFM is exclusively associated with the alluvial fan landform, which is situated 

between steep mountainslopes or hillslopes and flat valley bottoms or lowlands. AFM 

streams lie adjacent to and merge with low gradient flood plain streams. The alluvial fan 

landform is normally convex in cross-section profile, with steep gradient at the apex, 

moderate gradient through the middle section and low gradient at the bottom. The AFM 

channel may be a poorly contained single thread or multi-branched due to large woody 

debris diversions. The alluvial fan landform is somewhat of a misnomer as the relative 

steepness is better described as an alluvial cone. A combination of alluvial and colluvial 

process acting on the High Gradient channels that precede alluvial fan may also account 

for the deposition of material that forms the fan. Debris torrents are debris avalanches or 

debris flows that reach steep gullies (i.e. HC channels), during high flow periods involve 

the rapid movement of large volumes of water-charged soil, rock and debris (Chatwin et 

al, 1991). These singular episodic events may form the alluvial fan which is further 

enhanced by more alluvial deposition of sediment from the HC channels.  

 

Alluvial Fan vs Alluvial Cone Terminology 

To be geomorphically correct, the alluvial fan as described above is technically an 

„alluvial cone‟. An alluvial fan is defined as: a low fan-shaped accumulation of sediment, 

deposited by a river when its gradient is suddenly diminished on entering a plain or open 

valley bottom.  An alluvial cone is defined as: the material deposited by water at a place 

where a mountain stream debouches on a plain, it has steep slopes and has finer material 

than that in a debris cone but coarser than that in an alluvial fan (Glossary of Hydrology, 

Lo, 1992). Since the Region 10 Landform Guide 1996 uses the term „alluvial fan‟ it has 

been the accepted name for this landform in the region. To distinguish the Alluvial Fan 

from the Alluvial Cone in the R10 Channel Type system, the Alluvial Fan is of moderate 

gradient (ranges from 1 to 6 % over the longitudinal profile), the Alluvial Cone is of 

much steeper gradients (may exceed 25 %, over the longitudinal profile) and gravitational 

processes may be co-dominant. 

 

Typical landscape position 

of an AFM channel, on an 

alluvial fan landform, 

transition slope between 

mountainslope and valley 

bottom. Deep incision HC 

channel precedes the 

multi-branched AFM, 

which connects to a Large 

Floodplain channel below. 



 
 

 

Channel Characteristics: 

Stream gradient: variable, increasing gradient between bottom and top of fan, range from 

1 – 6 %, mean = 4%. 

Incision depth: less than 2 meters (6.5 ft), mean = 1 meter (3.3 ft) 

Bankfull width: variable, main flow channel < 20 meters (66 ft), mean = 6 meters (21 ft.) 

Dominant substrate: fine gravel to large cobble 

Stream bank composition:  Alluvium 

Sideslope length and angle: N/A, convex horizontal shape to the alluvial fan landform 

Channel pattern: Single to multiple channels spread across the alluvial fan  

Drainage Basin area: less than 5.2 km
2
 (2 mi

2
) 

 

 

 

 

Typcial alluvial fan with recent 

deposition, multiple channels,  

bare cobble and gravel substrate. 

Large woody debris can form 

pools and create flow diversions 

leading to the multi-branch flow 

pattern. 

The alluvial fan landform 

supports a Sitka 

Spruce/Devil‟s Club plant 

association, seen here 

during summer low flow. 



 

Cross Section of an alluvial fan and a single channel AFM. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Riparian Vegetaion: the dominant riparian plant community is the Sitka Spruce series, 

with Sitka Spruce/blueberry and Sitka Spruce/blueberry-Devil‟s club being the most 

common plant associations. Salmonberry and red alder shrubs dominate the non-forest 

riparian plant associations. 

 
 

Channel type phases: 

AFMe – Moderate Gradient Alluvial Fan Entrenched Phase 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plant Association Series % cover 

Sitka Spruce  68% 

Western Hemlock 15% 

Non-forest 8% 

Western Hemlock-Red cedar 6% 

Mixed conifer 2% 

 

 

 
AFMe X-section profile
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Entrenched Phase: The bedload deposition process that produces the alluvial fan 

landform may be episodic rather than a constant rate of delivery.  The upstream supply 

source may lie dormant for years before a mass wasting event provides material for 

transport. “Older‟ alluvial fans may be in a dormant bedload delivery state allowing the 

stream to downcut through the deposited material. This channel entrenchment is not 

apparent from remote sensing. Field observation is needed to establish this entrenchment 

(e) phase of the AF channel type 

 

An active fan will have a multi-branched stream network of poorly contained 

streams that frequently change course over the landform in response to sediment 

and debris deposited at the top of the fan from a high energy mountain slope 

stream.  In the office, aerial photos, digital elevation models, and other available 

tools (such as LIDAR) may help identify discrete fan landforms (at finer 

resolution than the entire footslope soil map unit polygon). 

 

Field assessment should include the following, generally beginning at the top of 

the fan and working downstream: 

 Is the contributing high gradient stream loaded with sediment and debris? 

 Is there an obvious sediment/debris deposit at the top of the fan that directs (or 

could easily divert) flow into multiple channels? 

 Is there more than one active channel? 

 Are the channels poorly contained (as opposed to entrenched) across the majority 

of the landform? 

 Do the channels contain mobile bedload and debris (as opposed to containing 

well  established shrubs and trees)? 

-Julianne Thompson, Hydrologist, 3 July 2008, Checkerboard.doc, internal 

document 

 

 
 

 

 

Downcutting through 

the alluvial deposits, 

arrow indicates former 

stream bed elevation, 

Step-pool morphology 

has developed. 



 

 

Management Considerations 
Hydrologic function: AFM channels are transitional streams situated between High 

Gradient Contained channels and low gradient valley bottom Flood Plain channels.  This 

is a complex stream system with a wide range of sediment erosion, transport, and 

depositional processes. Bank erosion, outwash sediment deposition, and lateral channels 

are common dynamic processes. Sediment transport occurs in the high and moderate 

gradient reaches of alluvial fan channels, leaving a substrate composed of larger cobble 

size materials.  Extensive fine gravel deposits are common on the lower reaches of the 

AFM streams adjacent to the valley bottom flood plain channels.   

 

 

Aquatic Habitat Capability 

Large woody debris…………..12,000 ft
3
 per 1000 linear feet of stream channel 

Available spawning area……...Average = 7% for 14 sites 

Available rearing area………...Average = 15% for 14 sites 

 

Indicator Species Ratings 

AFM channels are frequently accessible to 

anadromous species.  The available rearing 

habitat is good, especially where the AFM 

streams join mainstem channels in the lower 

reaches of a watershed.  Coho and Dolly 

Varden use the pools (17% of active water, 

mean depth of 0.27 meters, 0.9 ft) commonly 

associated with large woody debris 

accumulations.  Over-wintering habitat is 

provided in these pools and along low gradient channel segments near the base of the 

alluvial fan where upwelling groundwater moderates water temperature and inhibits ice 

formation. Spawning areas located in the lower gradient, downstream portions of AFM 

channels are moderately used by most species of anadromous salmon and Dolly Varden. 

When located next to accessible lakes, these channels provide good spawning habitat for 

sockeye salmon.  

 

Riparian Management Considerations 

 

Large woody accumulations play a significant role 

in the morphology and function of AFM channels.  

These stream segments have high large woody 

debris volumes, due to productive spruce stands 

that are typically associated with alluvial fan 

landforms. This large woody debris functions as a 

trap fro bedload sediment s and often forms log 

steps that contribute significantly to the 

MIS ASA ARA 

Coho Moderate Moderate 

Pink Moderate  Negligible 

Chum Moderate Negligible 

Sockeye Moderate Negligible 

Chinook  Negligible Negligible 

Dolly Varden Moderate Moderate 

Steelhead Low Low 

Management concern for: 

Large Wood High 

Sediment retention High 

Stream bank sensitivity High 

Sideslope sensitivity N/A 

Flood Plain protection need High 

Culvert fish passage High 



development of pools that provide rearing habitat for fish. Maintenance of large woody 

debris sources is an important management objective (BMP 12.6). 

 

Stream banks are naturally unstable due to fine textured alluvial bank materials. Sediment 

retention is high in some stream segments.  Active bedload deposition and channel 

aggradation result in the formation of numerous side channels.  Two or more main flow 

channels with extensive braided outwash deposits are common on the more active 

alluvial fans. Erosion control and stream bank protection should be emphasized for these 

streams (BMPs 12.7, 13.11-13.14, 13.16). 

 

The floodplain soils consist of shallow organic mats that are very sensitive to physical 

disturbance (BMP 13.8).  Alder and salmonberry quickly colonize the sensitive alluvial 

soils, making conifer re-colonization difficult. 

 

Riparian Management Area (RMA) Adjustment* 

The Forest Plan requires RMA (Riparian Management Area) delineation for ground 

disturbing projects (USFS 2008, page 4-50 to 54).  The GIS-generated RMA (a TNFLIB 

layer) is a first step at identifying the RMA, which may be adjusted at the project scale.   

This is an appropriate “red flag” in the initial project planning stages.  Alluvial fans are 

landforms that often exhibit multi-branched stream channels that require special 

consideration to maintain stability and connectivity to fish-bearing streams.  Where the 

alluvial fan landform, represented by soil map units, comprises part of the RMA, the 

polygon(s): 

a) may be considered unsuitable and excluded from timber harvest, or 

b) may be considered for timber harvest following Alluvial Fan Process Group 

standards and guidelines (USFS 2008, page D-8), which will require identification 

of “active” portions of the alluvial fan landform. 

The process is analogous to that used for slopes exceeding 72 percent:  a Line Officer 

may approve harvest based on documented onsite analysis of stability and assessment of 

downstream risks (USFS 2008, page 4-65). 

 

If upon field review the following characteristics are present: 

 There is no major deposit of sediment or debris at the transition zone between the 

high gradient reach (HC) and the fan 

 There is only one active channel  

 The channel is entrenched into the landform (AFMe) 

Since there is only one channel on the fan, it is relatively stable, and indicators of an 

active fan are absent, the majority of the fan is not active.  Therefore, the RMA should be 

based on the stream (not the landform).  The buffer would taper from a sideslope buffer 

on the HC reach to a 140 foot buffer on the AFMe. 

(* Julianne Thompson, Hydrologist, Tongass National Forest, from an internal memo, 

July 3, 2008). 

 

 

 

 



 

 

Riparian Management Opportunities 

Sport fish potential………………Low 

Enhancement opportunities…….. Large wood placement 

 

Large wood placement can be used effectively to increase availability of pool rearing 

habitat in stable AFM stream reaches.  However, given the general instability of these 

channels, destabilizing the channels must be considered and avoided. 

 

Road crossings on alluvial fans.  

Culverts should be avoided at low gradient channels segments along the base of alluvial 

fans (BMP 14.2, 14.14) as they may restrict upstream migration of juvenile salmonids 

(BMP 14.17).  Culverts are also very susceptible to clogging by bedload sediment and 

woody debris. An accelerated maintenance schedule (BMP 14.20) and special measures 

to stabilize road drainage structures should be incorporated in road crossing structure 

design and in the development of road management objective (BMP 14.1). Bridge 

structures at the fan apex are generally the most suitable stream crossing option for AFM 

channels. 

 

AFM channels are classified as Stream Class I.  A minimum 100 foot timber harvest 

buffer is required along both banks of these streams (Tongass Timber Reform Act, 1991). 



High Gradient Alluvial Cone Channel 

Map Symbol: AFH 

 
Geomorphic setting: The AFH flows over the steep alluvial cone landform as described 

previously. Typically the alluvial cone landform is situated in steep sided v-shaped 

valleys. HC channeltypes directly precede AFH channels. A single channel or a multi-

branched network flows uncontained over the alluvial cone. These channels and the 

alluvial cone landform are often subject to frequent snow avalanche events and debris 

torrents. Gradients can exceed 25%. 

 

 

 
 

 

 

 

AFH 



 
 

 

Riparian Vegetation: The riparian plant 

communities are dominantly Sitka Spruce 

series, with Western Hemlock series and the 

non-forested communities also common. Red 

alder, salmonberry and Sitka alder shrubs 

dominate the non-forested riparian 

communities. Often the non-forested plant 

communities dominant where snow 

avalanching is a common process. 

 

 

Plant Association Series % cover 

Sitka Spruce  43% 

Western Hemlock 24% 

Non-forest 19% 

Mountain Hemlock 4% 

Western Hemlock-Red cedar 4% 

Mixed conifer 4% 

HC 

AFH 

Alluvial Cone/Snow Avalanche channel.  

The HC channel above subject to snow 

avalanche events, alluvial cone landform 

vegetation dominated by disturbance species 

common on avalance slopes. 

 

                    Typical AF2 

location in a headwater 

valley, associated 

channel types are the 

HCD and the HCV. 



Management Considerations 

 
Hydrologic Function: AFH channels function in a transitional capacity for the steep, 

sediment transport oriented channels upstream and the lower gradient, valley bottom 

channel downstream. These streams flow over and actively rework the deposited material 

that has formed the alluvial cone landform. AFH channels act as rapid transport systems 

for material smaller than small cobbles. Small accumulations of fine sediment may be 

stored in pools associated with large boulders. Large woody debris plays a critical role in 

the stability of the banks and channels.  Snow avalanche and debris flow processes also 

affect AFH stream courses.   

Aquatic Habitat Capability 

 

Indicator Species Ratings 

Due to high stream flow velocities, AFH 

channels are only occasionally accessible to 

anadromous fish species.  When accessible, it 

is at the downstream end, usually adjacent to 

FPM and FPL channels, where the gradient is 

low enough to allow AFH habitat to be used.  

AFH channels contain low amounts of 

spawning and rearing habitat.  Being located 

at the sediment t/water sources areas of watersheds, AFH channels typically influence 

downstream fish habitat productivity. 

 

Riparian Management Considerations 

 

Large woody debris has moderate influence 

on many AFH channel types.  Except for 

segments located below snow avalanche 

tracts, which contain shrub cover and minor 

debris loading, the large woody debris is 

integral in retarding downstream sediment 

transport.  Sediment retention is moderate, 

consisting of coarse to cobble sized bedload 

sediments. 

Protection of sensitive alluvial soils should be emphasized (BMP 13.5) 

AFH stream banks form on alluvium, therefore, they are naturally sensitive (BMPs12.6, 

13.16) 

Channel shifts are easily precipitated by log jams, removal of riparian vegetation, debris 

deposits from upstream mass wasting, and snow avalanche activity. Multiple channels are 

common below the apex of alluvial cone landforms.  Location and design of stream 

crossing structures are primary riparian management concerns for AFH streams (BMPs 

14.1, 14.2, 14.17).  The most stable road crossing sites are generally located near the apex 

of the alluvial cone landform.  Culvert structures have a high risk of being clogged by 

bedload and woody debris on AFH channel segments.  Road maintenance and measures 

to stabilize road drainage structures should be emphasized for these streams (BMP 14.20) 

MIS ASA ARA 

Coho Low Low 

Pink Negligible  Negligible 

Chum Negligible Negligible 

Sockeye Low Negligible 

Chinook  Negligible Negligible 

Dolly Varden Low Moderate 

Steelhead Negligible Negligible 

Management concern for: 

Large Wood Moderate 

Sediment retention Moderate 

Stream bank sensitivity High 

Sideslope sensitivity N/A 

Flood Plain protection need High 

Culvert fish passage Low 



 

AFHs are classified as Stream Class II channels if there is a continuous channel 

connection to valley bottom streams. If so, a minimum 100 foot buffer is often required 

along both banks of these streams (Tongass Timber Reform Act, 1991). If there is no 

continuous stream channel, as in the instance where the surface flow submerges into the 

porous deposition material, then the stream class would be Class IV. In the case where 

surface flow dissipates, snow avalanche or debris flows may be dominant. Lack of 

discernible continuous channel, presence of large clast angular material, and steep 

gradient are the primary characteristics that indicate colluvial processes are paramount. 

Use of recent aerial photography, Lidar imagery, or digital elevation models will help 

identify and distinguish the Alluvial Fan from the Alluvial Cone. Only a field 

investigation can determine if connectivity exists. 

 

Riparian Management Opportunities 

Sport Fish Potential……………….Low 

Enhancement Opportunities ………N/A  

______________________________________________________________________ 

Example of bedload deposition at a culvert for a road situated at the mid-section of an 

alluvial cone/snow avalanche channel. 

 

              Year of 

installation, trench 

was excavated below 

culvert. 

 After first year, culvert 

almost filled up. 

                After second year, 

culvert and trench completely 

filled. 



Micro Alluvial Fan Channel 

Map Symbol: AFO 

 
Micro-size alluvial fan channel. Channel width is 0.3 to 1.5 meters (1 to 5 ft). Most often 

these will be secondary channels diverted from the main alluvial fan channel (AFM). 

However they may flow over small alluvial fans associated with micro high gradient 

channels. Whether or not to map and digitize these as separate distinct channels will 

depend on fish habitat, associated streams and project needs.  


