青藏高原东缘龙门山地区现代侵蚀速率时空分布规律及其构造地貌学意义
摘要： 青藏高原东缘地区无论从地貌特征还是地壳内部构造都具有与高原其他地方不同的独特性，为了更好的研究青藏高原奇特的地形地貌形成的过程和机制以及与高原隆升的关系，以及地表过程与地貌景观、气候变化、构造活动之间的响应关系，我们选择龙门山地区作为研究对象，基于SRTM DEM 和GTOPO 30 DEM 数据量化地貌特征，对该范围内水文数据进行分析处理并量化该区域各集水面积内的地表现代侵蚀速率，结合各外流水系内的地层特征与降水分布信息，探索青藏高原东缘特殊地貌特征条件下地表过程与构造隆升、气候变化之间的响应和反馈作用，并从高原东缘的地貌特征和水系发育形态得出青藏高原东缘活动构造对区域侵蚀量空间分布特征的控制作用，即活动构造 ( 构造抬升（活动构造两侧差异抬升）( 地形高差( 产生重力势能( 产生高现代侵蚀速率。主要结论如下:

各个站点之间的现代侵蚀速率在时间序列上呈现与流量年际变化之间的相似特征，但是由于受不同气候的影响，现代侵蚀速率与流量之间的相关关系在不同气候区域存在较大的区别，同时各个站点之间的现代侵蚀速率的季节变化非常明显，雨季侵蚀总量占全年侵蚀总量的85%-97%，不同气候区现代侵蚀速率的季节变化也略有不同。
现代侵蚀速率在龙门山地区表现出非常明显的空间不均匀性，龙门山断裂带附近的地区，高现代侵蚀速率呈现条带性分布，平均现代侵蚀速率都大于0.3mm/yr，而在龙门山断裂带的两侧，现代侵蚀速率向两侧逐渐递减，进入高原内部现代侵蚀速率迅速递减到0.05 mm/yr，同样进入四川盆地内现代侵蚀速率也是迅速递减到0.15 mm/yr左右，表现出现代侵蚀速率空间分布于活动构造分布之间的耦合关系，同时，现代侵蚀速率空间分布规律表现出与坡度、地形起伏之间耦合关系，与高程相关性较小，高原残留面内或残留面周围，地形起伏平坦，坡度很小，地表侵蚀非常低，平均现代侵蚀速率小于0.1mm/yr；而在高原边缘地区，平均海拔并没有高原内部高，但是地形起伏很大，坡度很陡，地表现代侵蚀速率非常大，平均现代侵蚀速率大于0.4mm/yr；进入四川盆地内部，高程很低，平均海拔只有500m左右，地形起伏平坦，坡度也很小，现代侵蚀速率处于高原内部与高原边缘之间，平均现代侵蚀速率0.15- 0.3 mm/yr左右。这种现代侵蚀速率空间分布规律表现出与宇宙成因核素方法的计算结果基本一致，但是低于低温热年代学的推算结果，这可能与这几种方法计算时间尺度上的差异有关，该方法与宇宙成因核素方法计算时间尺度较短，忽略了大的构造活动的影响，例如大的地震作用，而低温热年代学包含大的地震的滑坡效应对现代侵蚀速率的影响，另外由于低温热年代学是单点岩石测量数据的外推，可能高估了区域的现代侵蚀速率。
同时结合降水事件与地震滑坡事件时间上的耦合关系，通过对现代侵蚀速率与地震滑坡事件空间分布规律的研究我们发现，作为侵蚀作用的一种物质来源，滑坡事件与地貌特征、构造活动有着与现代侵蚀速率同样的耦合关系，因此，我们计算的现代侵蚀速率虽然没有特别突出特殊事件对现代侵蚀速率的影响，但是从空间分布特征上看，特殊事件对现代侵蚀速率的空间分布特征的影响是可以忽略的。
最后我们认为龙门山地区高地形梯度的快速地貌转变特征可能是由于构造活动和地表侵蚀作用及岩石圈均衡反弹弥补共同作用的结果，使得龙门山高原边界上高地形起伏，高原后缘则维持高地形、低起伏的地貌特征。
Abstract： There are some distinct characters from other regions on topographic character and interior structure of crust in eastern Tibetan Plateau, so in order to research processes and mechanisms of the Tibetan Plateau peculiar topography formation, and the relation between uplift of the plateau with topography formation, and the response relationship between the surface processes and topography landscape, climate change, activity tectonic. So we choose Longmenshan region in the southeast edge of the Tibetan Plateau as research objects, base on the SRTM DEM and GTOPO 30 DEM data to quantify the topography characters, analyze the hydrological data, and quantify the surface modern erosion rates in every drainage basins of this area, integrate the stratum character and the precipitation distribution information, to explore the response and feedback between surface processes and uplift, climate change under the special topography of eastern Tibetan plateau, and to conclude that the active tectonics are strong constrain to the spatial distribution of modern erosion rates in eastern of Tibet Plateau base on geomorphic characteristics and drainage patterns, that is active tectonics ( tectonic uplift ( the difference uplift between two sides of active tectonics) ( elevation difference ( Gravitational potential energy ( high modern erosion rates. This thesis draws conclusions as following: 

There are similarity characteristics between time series of modern erosion rates with inter-annual charge, but there are some differences in different climate zones. At the same time, the seasonal variation of erosion rate is very obvious in all Hydrometric Stations, the erosion during the rainy season accounted for 85% -97% of the total erosion, and there are some differences in different climatic zones.

Modern erosion rates from several decades of hydrological station data in Longmenshan mountain area place important constraints on the surface processes of special topography at the margin of the eastern Tibetan Plateau. The data show that modern erosion rates are characterized by great heterogeneity in this drainage basin: in the interior of the Plateau, modern erosion rates are relatively low (<0.1mm/yr). In the margin of the Plateau, modern erosion rates are very high (>0.3mm/yr). In the alluvial plain (Sichuan basin), modern erosion rates are between 0.15 to 0.3mm/yr. we found that distribution of high modern erosion rates is zonal along Longmenshan region, and the erosion rate be gradually decreased on both sides of the Longmenshan Mountains faults. And we can find that there are tremendous similar in spatial distribution between hydrological calculated method and Cosmogenic Be-10 and Al-26, but lower than low-temperature thermochronology, it may be owing to the defference of time scale among these methods, the time scale is short in hydrological calculated method and Cosmogenic Be-10 and Al-26, it may be neglected the effection of the large tectonic activity, e.g. large earthquake, but low-temperature thermochronology calculated the effection of the large tectonic activity, in addation, it may be overestimate the modern erosion rates because it was extrapolated based on some single-point measurement results.

Interaction between modern erosion rates, landscape evolution, climate change and tectonic activity shows that tectonic activity plays an important role in affecting modern erosion rates; climate change is not the dominant factor; the spatial trend between the modern erosion rates and the topography characteristics is significantly similar. 

At the same time, we found that coupling relationship among landslide events of the earthquake, landscape characteristics and tectonic activities was similar to erosion rate, so we didn’t highlight the special events effect to erosion rate.

In the end, we conclude that the special topography characters are mostly due to tectonic activity and surface erosion and its flexural isostatic compensation of the mass removed in the margin of the eastern Tibetan Plateau. It makes the high relief in margin of Plateau, and high elevation, low relief in interior of Plateau.
